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The seventh edition of Textbook of Interventional Cardiology has 
been more extensively updated than any previous edition. We have 

tried to fully capture the excitement and relentless maturation of the 
field of interventional cardiology. New chapters have been added to 
address radiation safety, interventions for heart failure, and (for many 
patients) the lack of need for hospitalization after interventions. Over 
the years, coronary intervention became increasingly predictable and, 
in many ways, routine, with the progressive maturation of stents and 
leaps forward in our adjunct pharmacologic therapies. In some ways, 
the field of interventional cardiology lost a bit of its pioneering spark 
that had so characterized this discipline from its inception in the 1980s. 
In those heady times, performing balloon angioplasty in the coronary 
artery was unpredictable. The predictability provided by stents was 
replaced with the upredictability of stent thrombosis. Interventional 
cardiologists and scientists had to not only rise to the challenge for each 
individual patient but also discover the vital innovations that would 
perpetuate the prominence and importance of the specialty.

Today, the challenges continue, but they have morphed consider-
ably. The profile of patients who undergo coronary intervention has 
dramatically increased in complexity to include patients with advanced 
age and those with left main stem lesions, chronic occlusions, and what 
would formerly have been considered prohibitive complexity. What-
ever happened to patients with Type A lesions? How can we break the 
maximal SYNTAX score barrier for percutaneous coronary interven-
tion? At the same time, the crisis in health care economics has placed 
an undue burden on interventional cardiologists with respect to time, 
constraints in equipment selection, and fulfilling the responsibility of 
24/7 coverage for such emergencies as acute myocardial infarction. 
There is also the incremental pressure from scorecarding initiatives  
and challenges to the appropriateness or overuse of procedures. But 
hopefully, all of these challenges are outweighed by the immense 

gratification of helping a symptomatic patient with limitations in 
quality of life get back to his or her baseline. Nowhere in medicine is 
this feeling more prevalent than in the transformative field of trans-
catheter aortic valve replacement.

This book is intended to serve as a resource for the interventional 
cardiology community, which not only includes practicing cardiolo-
gists but also the team involved in procedures, referring physicians, 
and those training or who have aspiration to train in this awe-inspiring 
field. We have changed authors for many chapters to provide a sense 
of newness and a fresh perspective, and in every chapter, we have 
sought the authors who are widely regarded as the true experts in the 
field. Going forward, we fully recognize that there needs to be increased 
cooperativity with cardiac surgeons—the rising popularity of hybrid 
and collaborative valve procedures that capitalize on the best parts of 
percutaneous and surgical approaches is clearly indicative of that 
collaboration.

We want to express our genuine and deep appreciation to the 
authors from all over the world who have graciously contributed to this 
new edition. They represent a remarkable brain trust from whom we 
have learned so much in the review of their input. We thank Taylor 
Ball and Dolores Meloni, both at Elsevier, for their first rate, profes-
sional support of this endeavor. And we are especially grateful to the 
interventional community of readers of this book who have supported 
it as the primary reference textbook source for nearly 30 years. That 
represents a large sense of responsibility for us to maintain, and we 
hope to have lived up to that, and perhaps exceeded expectations with 
the seventh edition.

Eric J. Topol, MD
Paul S. Teirstein, MD

La Jolla, California, 2015

Preface



xv

SECTION I PATIENT SELECTION

	 1	 Individualized Assessment for Percutaneous or Surgical 
Revascularization 1
VASIM FAROOQ | SCOT GARG | PATRICK W. SERRUYS

	 2	 Evidence-Based Interventional Practice 32
FRANZ-JOSEF NEUMANN | HEINZ JOACHIM BÜTTNER

	 3	 Diabetes 51
MARCO ROFFI | BARIS GENCER

	 4	 Prior Evaluation: Functional Testing and Multidetector 
Computed Tomography 66
MARIO J. GARCIA

	 5	 Intracoronary Pressure and Flow Measurements 85
MORTON J. KERN | MICHAEL J. LIM | DAVID SUK

	 6	 Contrast-Induced Acute Kidney Injury and the Role of 
Chronic Kidney Disease in Percutaneous Coronary 
Intervention 108
SCOTT F. ALLEN | BRAHMAJEE K. NALLAMOTHU | UPTAL D. PATEL

	 7	 Radiation Safety During Cardiovascular Procedures 119
BETH SCHUELER | KENNETH FETTERLY | STEPHEN BALTER

	 8	 Preoperative Coronary Intervention 129
CRAIG R. NARINS

	 9	 Sex and Ethnicity Issues in Interventional Cardiology 141
SAHAR NADERI | LESLIE CHO

SECTION II PHARMACOLOGIC INTERVENTION

	 10	 Platelet Inhibitor Agents 151
MATTHEW J. PRICE | DOMINICK J. ANGIOLILLO

	 11	 Anticoagulation in Percutaneous Coronary Intervention 172
TRENT HARTSHORNE | DEREK P. CHEW

	 12	 Lipid Lowering in Coronary Artery Disease 183
HANNEY GONNA | KAUSIK K. RAY

	 13	 Thrombolytic Intervention 205
MATTHEWS CHACKO | MATTHEW CZARNY | RANI HASAN

	 14	 Other Adjunctive Drugs for Coronary Intervention: 
Beta-Blockers, Calcium-Channel Blockers, and  
Angiotensin-Converting Enzyme Inhibitors 222
VIVEK RAJAGOPAL

SECTION III CORONARY INTERVENTION

	 15	 The History of Balloon Angioplasty 233
BERNHARD MEIER

	 16	 Bare-Metal and Drug-Eluting Coronary Stents 244
TULLIO PALMERINI | AJAY J. KIRTANE | GREGG W. STONE

	 17	 Drug-Coated Balloons 291
BRUNO SCHELLER | WILLIAM A. GRAY

	 18	 Elective Intervention for Stable Angina or Silent 
Ischemia 298
GREGORY W. BARSNESS | DAVID E. KANDZARI

	 19	 Percutaneous Intervention for Non–ST-Segment Elevation 
Acute Coronary Syndromes 312
JANE T. LUU | CURTISS T. STINIS

	 20	 Percutaneous Coronary Intervention in Acute ST-Segment 
Elevation Myocardial Infarction 329
GJIN NDREPEPA | ROBERT A. BYRNE | ALBERT SCHÖMIG | ADNAN KASTRATI

	 21	 Interventions in Cardiogenic Shock 368
SATYA S. SHREENIVAS | SCOTT M. LILLY | HOWARD C. HERRMANN

	 22	 Bifurcations and Branch Vessel Stenting 375
ANTONIO COLOMBO | GORAN STANKOVIC

	 23	 Percutaneous Coronary Intervention for Unprotected Left Main 
Coronary Artery Stenosis 394
SEUNG-JUNG PARK | JUNG-MIN AHN

	 24	 Complex and Multivessel Percutaneous Coronary 
Intervention 403
SAURABH SANON | DAVID R. HOLMES, JR.

	 25	 Intervention for Coronary Chronic Total Occlusions 413
WILLIAM L. LOMBARDI | CHRISTOPHER BULLER

	 26	 Bypass Graft Intervention 424
JOHN S. DOUGLAS, JR.

	 27	 The Thrombus-Containing Lesion 439
ON TOPAZ

	 28	 Complications of Percutaneous Coronary Intervention 464
MARVIN H. ENG | JEFFERY W. MOSES | PAUL S. TEIRSTEIN

	 29	 Periprocedural Myocardial Infarction and Embolism-Protection 
Devices 482
KHALED M. ZIADA | ADRIAN W. MESSERLI | DEBABRATA MUKHERJEE

	 30	 Access Management and Closure Devices 505
FERNANDO CURA

	 31	 Transradial Approach for Diagnostic Coronary Angiography 
and Intervention 516
FARZIN BEYGUI | OLIVIER F. BERTRAND | GILLES MONTALESCOT

	 32	 The Role of the Cardiac Surgeon 530
G. RUSSELL REISS | MATHEW R. WILLIAMS

	 33	 Restenosis 541
DAVID A. ZIDAR | MARCO A. COSTA | DANIEL I. SIMON

	 34	 Bioresorbable Coronary Scaffolds 552
JAVAID IQBAL | PATRICK W. SERRUYS

	 35	 The Role of Adjunct Devices: Atherectomy, Cutting Balloon, 
and Laser 564
JOHN A. BITTL

	 36	 Support Devices for High-Risk Percutaneous Coronary 
Interventions 576
SRIHARI S. NAIDU | HOWARD C. HERRMANN

Contents



xvi Contents

	 37	 Regional Centers of Excellence for the Care of Patients With 
Acute Ischemic Heart Disease 590
DEAN J. KEREIAKES | TIMOTHY D. HENRY

	 38	 Post–Percutaneous Coronary Intervention Hospitalization, 
Length of Stay, and Discharge Planning 601
AMIT N. VORA | SUNIL V. RAO

SECTION IV PERIPHERAL VASCULAR INTERVENTIONS

	 39	 Lower Extremity Interventions 611
DEBABRATA MUKHERJEE

	 40	 Upper Extremities and Aortic Arch 628
KIMBERLY S. DELCOUR | IVAN P. CASSERLY | ROBERT S. DIETER

	 41	 Chronic Mesenteric Ischemia: Diagnosis and 
Intervention 638
CHRISTOPHER J. WHITE

	 42	 Renal Artery Stenosis 643
NILESH J. GOSWAMI | JEFFREY A. GOLDSTEIN

	 43	 Device Therapy for Resistant Hypertension 654
MARVIN H. ENG | MARAT FUDIM | PAUL A. SOBOTKA

	 44	 Thoracic and Abdominal Aortic Vascular Interventions 664
CHRISTOPH A. NIENABER | IBRAHIM AKIN

	 45	 Venous Intervention 681
MICHAEL A. JOLLY | MITCHELL J. SILVER | GARY M. ANSEL

	 46	 Carotid and Cerebrovascular Intervention 697
R. KEVIN ROGERS | IVAN P. CASSERLY

	 47	 Stroke Centers and Interventional Cardiology 719
CHRISTOPHER J. WHITE

SECTION V INTRACARDIAC INTERVENTION

	 48	 Imaging for Intracardiac Interventions 727
FEMI PHILIP | MEHDI SHISHEHBOR | SAMIR R. KAPADIA

	 49	 Percutaneous Closure of Patent Foramen Ovale and Atrial 
Septal Defect 747
ANDRES F. VASQUEZ | ALAN ZAJARIAS | DAVID T. BALZER | JOHN M. LASALA

	 50	 Left Atrial Appendage Closure and Stroke: Local Device 
Therapy for Cardioembolic Stroke Protection 771
MATTHEW J. PRICE | MIGUEL VALDERRÁBANO

	 51	 Mitral Valvuloplasty 788
ALEC VAHANIAN | DOMINIQUE HIMBERT | ERIC BROCHET | BERNARD IUNG

	 52	 Percutaneous Mitral Valve Repair 798
AMAR KRISHNASWAMY | SAMIR R. KAPADIA

	 53	 Transcatheter Aortic Valve Interventions: From Balloon 
Aortic Valvuloplasty to Transcatheter Aortic Valve 
Implantation 811
ALAIN CRIBIER | HELENE ELTCHANINOFF | ALAN ZAJARIAS | JEFFREY J. POPMA

	 54	 Pulmonary and Tricuspid Valve Interventions 834
ROBERT WAGNER | INGO DAEHNERT | PHILIPP C. LURZ

	 55	 Hypertrophic Cardiomyopathy 847
SHIKHAR AGARWAL | SAMIR R. KAPADIA

	 56	 Pericardial Interventions 861
HANI JNEID | ANDREW A. ZISKIND | IGOR F. PALACIOS

	 57	 Transcatheter Therapies for Congenital Heart Disease 874
ROBERT H. BEEKMAN III | BRYAN GOLDSTEIN | RUSSEL HIRSCH |  
WENDY WHITESIDE | JEFFREY ZAMPI

	 58	 Stem Cell Therapy for Ischemic Heart Disease 901
MARC S. PENN | DIEGO ALCIVAR-FRANCO | TIMOTHY BYRNES |  
DEEPHAK SWAMINATH | KEVIN SILVER

SECTION VI  EVALUATION OF INTERVENTIONAL 
TECHNIQUES

	 59	 Qualitative and Quantitative Coronary Angiography 911
ALI ANDALIB | ALEXANDRA ALMONACID | JEFFREY J. POPMA

	 60	 Intravascular Ultrasound 932
YASUHIRO HONDA | PETER J. FITZGERALD | PAUL G. YOCK

	 61	 High-Risk Vulnerable Plaques: Definition, Diagnosis, and 
Treatment 952
PEDRO R. MORENO | CARLOS L. ALVIAR | JAVIER SANZ | VALENTIN FUSTER

	 62	 Optical Coherence Tomography 990
GIULIO GUAGLIUMI | TAKASHI AKASAKA | VASILE SIRBU | TAKASHI KUBO

SECTION VII  OUTCOME EFFECTIVENESS OF 
INTERVENTIONAL CARDIOLOGY

	 63	 Medical Economics and Interventional Cardiology 1013
ZAHER FANARI | SANDRA WEISS | WILLIAM S. WEINTRAUB

	 64	 Quality of Care in Interventional Cardiology 1027
MANESH R. PATEL | GREGORY J. DEHMER | RALPH BRINDIS

	 65	 Volume and Outcome 1047
JAMES G. JOLLIS

	 66	 Interventional Heart Failure 1052
WILLIAM T. ABRAHAM



xvii

	 28	 Procedural	Complications	of	Percutaneous	Coronary	
Intervention	 464
MARVIN H. ENG | JEFFERY W. MOSES | PAUL S. TEIRSTEIN

VIDEO 28-1  Coronary Dissection
VIDEO 28-2  Coronary Perforations
VIDEO 28-3  Treatment of a Coronary Perforation 

Using the Two Guide Technique to Deploy a 
Polytetrafluoroethylene (PTFE)-Covered Stent

VIDEO 28-4  Snaring of an Embolized Coronary Stent at the 
Right Coronary Ostium

VIDEO 28-5  Air Embolism

	 30	 Access	Management	and	Closure	Devices	 505
FERNANDO CURA

VIDEO 30-1  Femoral Artery Landmarks
VIDEO 30-2  Complex Radial Access Due to Tortuosity (A) 

and Right Subclavian Arising From Aortic Arch (B)
VIDEO 30-3  Arteriovenous Fistula Between Femoral Artery 

and Vein

	 31	 Transradial	Approach	for	Diagnostic	Coronary	Angiography	
and	Intervention	 516
FARZIN BEYGUI | OLIVIER F. BERTRAND | GILLES MONTALESCOT

VIDEO 31-1  Abnormal Plethysmooxymetric Test
VIDEO 31-2  Right Radial Puncture and Sheath Insertion
VIDEO 31-3  Retrieving Catheter With Guidewire in Place
VIDEO 31-4A  Brachial Loop
VIDEO 31-4B  Brachial Loop Unlooped
VIDEO 31-5  High Brachial Curve Uncurved
VIDEO 31-6  Subclavian Loop Unlooped
VIDEO 31-7  RRA Spasm
VIDEO 31-8A  RRA Spasm
VIDEO 31-8B  RRA Spasm After Intraradial Injection of 

GTN and Verapamil
VIDEO 31-9  Right Ulnar Approach in a Patient With Right 

Radial Occlusion and Collateral Circulation

	 36	 Support	Devices	for	High-Risk	Percutaneous	Coronary	
Interventions	 576
SRIHARI S. NAIDU | HOWARD C. HERRMANN

VIDEO 36-1  Case Study: Severe Systolic Dysfunction
VIDEO 36-2  Case Study: Impella Device Was Inserted and 

Placed Across the Aortic Valve
VIDEO 36-3  Case Study: Simultaneous Kissing Stents Were 

Placed in the Left Main and Daughter Vessels
VIDEO 36-4  Case Study: After Postdilation, Final 

Angiographic Result

	 49	 Percutaneous	Closure	of	Patent	Foramen	Ovale	and	Atrial	
Septal	Defect	 747
ALAN ZAJARIAS | DAVID T. BALZER | JOHN LASALA

VIDEO 49-1  Atrial Septal Development
VIDEO 49-2  Atrial Septal Defect and Patent Foramen Ovale

VIDEO 49-3  Thrombus in Transit Across a Patent Foramen 
Ovale

VIDEO 49-4  Atrial Septal Aneurysm and Eustachian 
Valve

VIDEO 49-5  Lipomatous Hypertrophy of the Atrial Septum
VIDEO 49-6  Bubble Study Using TTE
VIDEO 49-7  Bubble Study Using TEE
VIDEO 49-8  Left Atrial Angiography
VIDEO 49-9  Deployment of PFO Device to the Left Atrial 

Disk
VIDEO 49-10  Deployment of PFO Device to the Right Atrial 

Disk
VIDEO 49-11  Right Upper Pulmonary Vein Deployment 

Technique
VIDEO 49-12  Atrial Septal Defect With Negative Echo 

Contrast
VIDEO 49-13  Balloon-Assisted Technique for Deployment 

of ASD Occluder #1
VIDEO 49-14  Bubble Study Using ICE
VIDEO 49-15  Release of the PFO Device
VIDEO 49-16  Balloon-Assisted Technique for Deployment 

of ASD Occluder #2
VIDEO 49-17  Balloon-Assisted Technique for Deployment 

of ASD Occluder #3
VIDEO 49-18  Balloon-Assisted Technique for Deployment 

of ASD Occluder #4

	 51	 Mitral	Valvuloplasty	 788
ALEC VAHANIAN | DOMINIQUE HIMBERT | ERIC BROCHET | BERNARD IUNG

VIDEO 51-1  Transesophageal View Before Percutaneous 
Mitral Commissurotomy

VIDEO 51-2  Inflation of the Inoue Balloon During 
Percutaneous Mitral Commissurotomy

VIDEO 51-3  Transseptal Puncture
VIDEO 51-4  3D Transthoracic View After Percutaneous 

Mitral Commissurotomy
VIDEO 51-5  Inoue Balloon Technique (Fluoroscopy)

	 56	 Pericardial	Interventions	 861
HANI JNEID | ANDREW A. ZISKIND | IGOR F. PALACIOS

VIDEO 56-1  Large Pericardial Effusion

	 57	 Transcatheter	Therapies	for	Congenital	Heart	Disease	 874
ROBERT H. BEEKMAN III | BRYAN GOLDSTEIN | RUSSEL HIRSCH |  
WENDY WHITESIDE | JEFFREY ZAMPI

VIDEO 57-1  Rotational Angiogram With Injection in the 
Right Ventricle

VIDEO 57-2  Rotation Angiogram in Right Ventricle 
Following RPA Stent Placement

VIDEO 57-3  Rotational Angiogram in Ascending Aorta 
Following Stent Placement

Video Contents



This page intentionally left blank


	Front Cover
	Inside Front Cover
	Half title page
	Textbook of Interventional Cardiology
	Copyright Page
	Dedication
	Contributors
	Preface
	Table Of Contents
	Video Contents
	I Patient Selection
	1 Individualized Assessment for Percutaneous or Surgical Revascularization
	Key Points
	The Need for Individualized Patient Assessment
	Patient Comorbidities

	Technological Advances
	Historic (Pre-SYNTAX) Clinical Trial Results
	SYNTAX Trial

	Individual Assessment From a Physician’s Perspective
	Qualitative Versus Quantitative Risk Assessment
	Risk Scores in Contemporary Practice
	Clinical Scores
	The EuroSCORE and EuroSCORE II
	New Mayo Clinic Risk Score
	Value of Age, Creatinine, and Ejection Fraction (ACEF) Score
	National Cardiovascular Database Registry CathPCI Risk-Prediction Score

	Angiography-Based Scores
	American College of Cardiology/American Heart Association Lesion Classification System
	Anatomic SYNTAX Score
	Myocardial Jeopardy Scores

	Combined Risk Scores
	Society of Thoracic Surgery Score
	EuroHeart Score
	New Risk Classification Score
	SYNTAX-Based Tools



	SYNTAX-Based Clinical Tools
	Anatomic SYNTAX Score
	Functional SYNTAX Score
	Augmenting the Anatomic SYNTAX Score With Clinical Factors and the Personalization of Decision Making: Development of SYNTAX Score II
	Age, Serum Creatinine, and Ejection Fraction
	Clinical SYNTAX Score/Logistic Clinical SYNTAX Score
	Global Risk

	SYNTAX Score II
	Diabetics
	Impaired Left Ventricular Ejection Fraction
	Validation of SYNTAX Score II

	Tools for Assessment of Completeness of Revascularization
	Residual SYNTAX Score
	Post–Coronary Artery Bypass Grafting SYNTAX Score

	Future Directions

	Individual Assessment From a Patient’s Perspective
	Conclusions
	References

	2 Evidence-Based Interventional Practice
	Key Points
	Overview
	Changing Paradigms of Coronary Revascularization
	The Scope of This Chapter

	Prognostic Indications for Coronary Revascularization
	Clinical Presentation
	Myocardial Infarction With ST-Segment Elevation
	Acute Coronary Syndromes Without ST-Segment Elevation
	Stable Angina—Severe Angina or Large Ischemic Area

	Coronary Anatomy
	Technical Feasibility

	Prognostic Indication for Revascularization: Percutanous Coronary Intervention Versus Coronary Artery Bypass Grafting
	Multivessel Disease
	Lessons From Studies With Bare-Metal Stents
	Randomized Studies
	Registries

	Lessons From Studies With Drug-Eluting Stents
	Registries
	Randomized Studies


	Special Considerations in Diabetic Patients
	Studies With Bare-Metal Stents
	Studies With Drug-Eluting Stents

	Left Main Coronary Artery Disease
	Registries With Drug-Eluting Stents
	Randomized Studies With Drug-Eluting Stents



	Percutaneous Coronary Intervention Versus Medical Therapy Alone
	Summary
	References

	3 Diabetes
	Key Points
	Pathophysiology of Atherosclerosis in Diabetes
	Cardiovascular Disease in Diabetes
	Myocardial Ischemia Detection in Diabetic Patients
	Revascularization in Diabetic Patients with Stable Coronary Artery Disease
	Percutaneous Coronary Intervention
	Coronary Artery Bypass Surgery
	Revascularization Versus Medical Management
	Percutaneous Coronary Intervention Versus Coronary Artery Bypass Grafting in Diabetic Patients with Multivessel Disease
	Diabetes and Non–ST-Elevation Acute Coronary Syndromes
	Early Invasive Versus Conservative Strategy
	Diabetes and ST-Elevation Myocardial Infarction
	Glucose-Lowering Therapy in the Acute Phase
	Antithrombotic Therapy in Diabetes
	Aspirin and Clopidogrel
	Prasugrel and Ticagrelor
	Glycoprotein IIb/IIIa Receptor Antagonists and Anticoagulants
	Long-Term Diabetes Management
	Multifactorial Intervention
	References

	4 Prior Evaluation:
	Key Points
	Stress Testing
	Electrocardiography Stress Testing
	Stress Echocardiography
	Exercise Echocardiography
	Pharmacologic Stress Echocardiography


	Contrast Perfusion Imaging
	Stress Scintigraphic Myocardial Perfusion Imaging
	Exercise Scintigraphic Myocardial Perfusion Imaging
	Pharmacologic Scintigraphic Myocardial Perfusion Imaging

	Cardiac Magnetic Resonance Imaging
	Dobutamine Cardiac Magnetic Resonance
	Cardiac Magnetic Resonance Perfusion Imaging

	Myocardial Viability Assessment
	Cardiac Computed Tomography
	Coronary Artery Calcium Scoring
	Contrast-Enhanced Computed Tomography Coronary Angiography
	Cardiac Computed Tomography Angiography to Evaluate Coronary Luminal Stenosis
	Guiding Interventions With Cardiac Computed Tomographic Angiography

	Stress Myocardial Computed Tomography Perfusion Imaging
	Coronary Fractional Flow Reserve Computed Tomography
	Coronary Computed Tomography Angiography in Acute Chest Pain

	Hybrid Imaging
	Appropriate Use Criteria
	Radiation Exposure Relative Health Risks
	Conclusions
	References

	5 Intracoronary Pressure and Flow Measurements
	Key Points
	Fundamental Concepts of Coronary Blood Flow
	Coronary Flow and Flow Reserve
	Intracoronary Pressure Measurements and Fractional Flow Reserve

	Methodology of Coronary Pressure Measurement
	General Setup and Guidewire Manipulation
	Safety of Intracoronary Sensor Wire Measurements
	Pharmacologic Hyperemic Stimuli
	Adenosine
	Regadenoson
	Dobutamine
	Sodium Nitroprusside

	Clinical Validation of Intracoronary Pressure Measurements
	Fractional Flow Reserve and Myocardial Perfusion Imaging
	Fractional Flow Reserve and Angiography
	Intracoronary Physiologic Measurements, Intravascular Ultrasound, and Optical Coherence Tomography Measurements

	Clinical Outcomes with Fractional Flow Reserve–Guided Percutaneous Coronary Intervention
	Deferring Percutaneous Coronary Intervention for Nonsignificant Fractional Flow Reserve
	Percutaneous Coronary Intervention Versus Medical Therapy for Significant Fractional Flow Reserve
	Fractional Flow Reserve in Daily Clinical Practice
	Multivessel Coronary Artery Disease and Coronary Artery Bypass Grafting Implications
	Cost-Effectiveness of a Routine Fractional Flow Reserve–Based Strategy
	Left Main Coronary Artery Disease
	Complex Left Main Coronary Artery Lesion Assessment (Left Main Coronary Artery Plus Downstream Lesions) With Fractional Flow Reserve
	Serial (Multiple) Lesions in a Single Vessel
	Diffuse Coronary Disease
	Ostial Lesions and Jailed Side Branches
	Fractional Flow Reserve in Acute Coronary Syndromes

	Future Applications and Research: Intracoronary Physiologic Measurements
	Simultaneous Measurement of Flow Velocity and Transstenotic Pressure Gradient
	Nonhyperemic Indices of Coronary Stenosis Significance

	Conclusion
	References

	6 Contrast-Induced Acute Kidney Injury and the Role of Chronic Kidney Disease in Percutaneous Coronary Intervention
	Key Points
	Pathophysiology of Contrast-Induced Acute Kidney Injury
	Epidemiology of Acute Kidney Injury
	Definitions of Acute Kidney Injury
	Incidence and Prognosis of Acute Kidney Injury

	Risk Factors for Contrast-Induced Acute Kidney Injury
	Chronic Kidney Disease
	Epidemiology and Classification
	Estimation of Glomerular Filtration Rate
	Cardiovascular Risk
	Planning for Hemodialysis


	Minimizing the Risk of Acute Kidney Injury
	Periprocedural Strategies
	Periprocedural Hydration
	Medications
	Other Strategies


	Intraprocedural Strategies
	The Choice and Use of Contrast Agents


	Special Populations
	End-Stage Renal Disease
	Patients With Transplanted Kidneys

	Congestive Heart Failure and the Risk of Acute Kidney Injury

	The Future
	References

	7 Radiation Safety During Cardiovascular Procedures
	Key Points
	Radiation Risk
	Radiation Management
	Fluoroscopic Imaging Equipment
	Image Chain Components
	Imaging Modes

	Patient Radiation Dose Management
	Factors That Contribute to High Skin Dose
	Radiation Dose Measurement
	Best Practices for Patient Dose Management

	Staff Radiation Protection
	Occupational Dose Monitoring
	Sources of Personnel Radiation Exposure
	Personal Protective Equipment

	References

	8 Preoperative Coronary Intervention
	Key Points
	Perioperative Myocardial Infarction
	Indications for Preoperative Coronary Angiography
	Pharmacologic Therapy
	Beta-Blockers
	Statin Therapy

	Preoperative Coronary Revascularization
	Coronary Artery Bypass Grafting
	Percutaneous Coronary Intervention
	Risks of Preoperative Percutaneous Coronary Intervention
	Observational Studies of Preoperative Percutaneous Coronary Intervention
	Randomized Trials of Preoperative Revascularization
	Technical Aspects of Preoperative Percutaneous Coronary Intervention
	Balloon Angioplasty
	Bare-Metal Stents
	Drug-Eluting Stents



	Unanticipated Surgery after Stenting
	Cardiac Events With Unplanned Surgery
	Antiplatelet Drug Interruption Prior to Surgery
	Antiplatelet Therapy and Surgical Bleeding Risk

	Summary and Recommendations
	Emerging Strategies
	Perioperative Bridging
	Newer Antiplatelet Agents
	Platelet Function Testing

	Postoperative Care
	References

	9 Sex and Ethnicity Issues in Interventional Cardiology
	Key Points
	Overview
	Sex
	Characteristics and Outcomes of Women Undergoing Intervention
	Sex and Devices

	Vascular Complications
	Sex Differences in Acute Coronary Syndrome
	Sex-Specific Causes of Acute Coronary Syndrome
	Stress Cardiomyopathy
	Spontaneous Coronary Artery Dissection
	Microvascular Angina


	Sex Differences in Adjunctive Pharmacotherapy
	Antiplatelet Therapy
	Aspirin
	P2Y12 Inhibitors
	Glycoprotein IIb/IIIa Inhibitors

	Antithrombin Agents
	Unfractionated Heparin
	Low-Molecular-Weight Heparin
	Direct Thrombin Inhibitors


	Race and Ethnicity
	Disparities in Coronary Artery Disease
	Characteristics of Racial and Ethnic Minorities Undergoing Intervention (Table 9-6)
	Acute Coronary Syndrome
	Social Aspects of Health Care Disparities

	Conclusion
	References


	II Pharmacologic Intervention
	10 Platelet Inhibitor Agents
	Key Points
	Basic Principles of Antiplatelet Therapy
	Aspirin
	Mechanism of Action
	Pharmacokinetics and Pharmacodynamics
	Aspirin Dose After Percutaneous Coronary Intervention


	P2Y12 Inhibitors
	Basic Principles
	Thienopyridines
	Ticlopidine
	Clopidogrel
	Metabolism
	Pharmacodynamics
	Clinical Studies
	Non–ST-Elevation Acute Coronary Syndrome.
	ST-Elevation Myocardial Infarction.

	Pretreatment for Percutaneous Coronary Intervention
	Dosing Strategies
	Duration of Therapy
	The Role of CYP2C19
	Predicted Metabolic Phenotype
	CYP2C19 and Clinical Outcomes
	U.S. Food and Drug Administration’s Boxed Warning
	Other Genetic Polymorphisms
	PON1.
	ABCB1.


	Proton Pump Inhibitors

	Prasugrel
	Metabolism
	Pharmacodynamics
	Clinical Studies

	Nonthienopyridines
	Ticagrelor
	Pharmacology and Metabolism
	Pharmacodynamics
	Clinical Studies
	Adverse Effects
	Cangrelor
	Pharmacology and Metabolism.
	Clinical Studies.
	Adverse Effects.



	Thrombin Receptor Antagonists
	Basic Principles
	Vorapaxar

	Phosphodiesterase Inhibitors
	Cilostazol

	Glycoprotein IIb/IIIa Inhibitors
	Pharmacology
	Abicximab
	Epitifibatide
	Tirofiban
	Thrombocytopenia

	Pivotal Clinical Trials With Glycoprotein IIb/IIIa Inhibitors
	Timing of Glycoprotein IIb/IIIa Administration
	Glycoprotein IIb/IIIa Inhibitors in Primary Percutaneous Coronary Intervention

	Triple-Antithrombotic Therapy: Considerations for the Patient With Atrial Fibrillation Undergoing Percutaneous Coronary Infarction
	Platelet Function Testing
	GRAVITAS
	ARCTIC
	Synthesizing the Randomized Trials Incorporating Platelet Function Testing


	Conclusion
	References

	11 Anticoagulation in Percutaneous Coronary Intervention
	Key Points
	The Biology of Atherothrombosis
	The Central Role of Thrombin

	Adverse Events Following Percutaneous Coronary Intervention
	Pharmacology of Anticoagulant Agents Used in Current Era Percutaneous Coronary Intervention
	Unfractionated Heparin
	Enoxaparin
	Fondaparinux
	Direct Thrombin Inhibitors

	New Pharmacologic Targets
	Anticoagulant Therapy in Stemi, Nstemi, and Elective Percutaneous Coronary Intervention
	ST-Elevation Myocardial Infarction (STEMI)
	Summary

	Non–ST-Elevation Myocardial Infarction (NSTEMI)
	Summary

	Percutaneous Coronary Intervention for Stable Coronary Artery Disease
	Summary


	Special Patient Groups
	Patients Transitioning From “Upstream” Management to the Catheterization Lab
	Patients With Renal Impairment
	Diabetic Patients
	Patients With Heparin-Induced Thrombocytopenia

	Glycoprotein IIB/IIIA Sparing, Combination Approaches, and Economic Considerations
	Conclusion
	References

	12 Lipid Lowering in Coronary Artery Disease
	Key Points
	Epidemiology
	International Guidelines
	Early Nonstatin Lipid-Lowering Trials
	Early Secondary Prevention Statin Trials
	Heart Protection Study and Cholesterol Treatment Trial Meta-Analysis
	Intensive Statin Therapy for Acute Coronary Syndrome
	PROVE IT–TIMI 22 Trial
	The A to Z Trial

	Intensive Statin Therapy in Stable Coronary Artery Disease
	The TNT Trial
	IDEAL Trial
	SEARCH Trial

	Meta-Analysis of Intensive Versus Standard Therapy
	Early Benefits of Intensive Statin Therapy for Acute Coronary Syndrome
	Intensive Statin Therapy and Atherosclerotic Burden
	REVERSAL Trial
	ASTEROID
	SATURN

	Mechanisms of Benefit
	Intensity of Low-Density Lipoprotein Reduction
	Reduction in C-Reactive Protein Levels
	Apolipoproteins
	Oxidized Low-Density Lipoprotein
	Raising High-Density Lipoprotein Cholesterol Levels
	Cholesterol Ester Transfer Protein Inhibition
	Niacin
	Fibrates
	Ezetimibe and Colesevelam
	Glitazones


	Novel Targets for Therapy
	Microsomal Triglyceride Transfer Protein Inhibitors
	PCSK-9 Inhibition
	Antisense to Apolipoprotein B
	Thyroid Hormone Analogues


	Conclusion
	References

	13 Thrombolytic Intervention
	Key Points
	Thrombolytic Agents
	Major Historical Comparative Thrombolytic Trials
	Timing of Thrombolytic Therapy
	Early Treatment
	Late Treatment

	Adjunctive Therapies
	Aspirin
	Thienopyridines
	Heparin
	Direct Thrombin Inhibitors
	Glycoprotein IIb/IIIa Inhibitors
	Factor Xa Inhibitors

	Facilitated Percutaneous Coronary Intervention
	Pharmacoinvasive Strategy
	International Perspective
	Summary
	References

	14 Other Adjunctive Drugs for Coronary Intervention:
	Key Points
	Beta-Adrenergic Receptors
	Beta-Adrenergic Receptor Blockers
	Unstable Angina Pectoris
	Percutaneous Coronary Intervention
	Acute Myocardial Infarction
	Early Trials: The MIAMI and ISIS-1 Trials
	The MIAMI Trial
	The ISIS-1 Trial

	Recent Data: COMMIT and Other Trials
	Patient Selection
	Study Protocol
	End Points
	Results
	Meta-Analysis Using COMMIT Patients

	Recommendations for Beta-Blockade During Acute Myocardial Infarction
	Chronic Therapy After Myocardial Infarction
	Patient Selection: Role of Genomics



	Calcium Channels
	Calcium-Channel Blockers
	Acute Myocardial Infarction
	Recommendations for Acute Coronary Syndromes
	Chronic Therapy After Myocardial Infarction
	Early Trials
	Recent Trials
	The CAMELOT Trial
	The INVEST Trial


	Percutaneous Coronary Intervention
	Angiotensin-Converting Enzyme
	Angiotensin-Converting Enzyme Inhibitors
	Percutaneous Coronary Intervention
	Acute Myocardial Infarction

	Conclusion
	References


	III Coronary Intervention
	15 The History of Balloon Angioplasty
	Key Points
	History of Coronary Balloon Angioplasty
	The Man Behind Coronary Angioplasty
	First-in-Man Coronary Angioplasty

	Clinical Adoption and Evolution of Plain Old Balloon Angioplasty
	Technical Modifications
	Surgical Standby
	Clinical Results
	Restenosis
	Comparison to Bypass Surgery
	Special Subgroups
	Acute Myocardial Infarction
	Chronic Total Occlusion



	Conclusion
	References

	16 Bare-Metal and Drug-Eluting Coronary Stents
	Key Points
	Bare-Metal Stent Overview
	Limitations of Balloon Angioplasty and Development of the Coronary Stent

	Stent Design: Impact on Performance and Clinical Outcomes
	Classification
	Stent Composition
	Stent Configuration and Design
	Stent Coatings

	Balloon-Expandable Versus Self-Expanding Stents
	Indications for Coronary Stenting and Comparison with Balloon Angioplasty
	Stenting After Failed Balloon Angioplasty
	Routine Stenting During Percutaneous Coronary Intervention

	Drug-Eluting Stents: Overview
	Limitations of Bare-Metal Stenting
	Components of Drug-Eluting Stents
	Drug-Eluting Stent Designs
	Basic Drug-Eluting Stent Pharmacology
	Drug-Eluting Stent Polymers and Drug Carrier Systems
	Generational Classification of Drug-Eluting Stents
	First-Generation Drug-Eluting Stents
	The Cypher Sirolimus-Eluting Stent
	The Taxus Paclitaxel-Eluting Stent

	Comparisons of First-Generation Drug-Eluting Stents
	Limitations of First-Generation Drug-Eluting Stent
	Second-Generation Drug-Eluting Stents
	Durable Polymer-Based Second-Generation Drug-Eluting Stents
	Cobalt-Chromium Everolimus-Eluting Stents: Xience

	Cobalt-Chromium Everolimus-Eluting Stents Versus First-Generation Drug-Eluting Stents
	Cobalt-Chromium Everolimus-Eluting Stent Versus Bare-Metal Stent
	Cobalt-Chromium Everolimus-Eluting Stents Versus Second-Generation Drug-Eluting Stents
	Platinum-Chromium Everolimus-Eluting Stent (Promus Element/Premier)
	Phosphorylcholine Zotarolimus-Eluting Stent (Endeavor)
	Re-ZES (Resolute)

	Bioabsorbable Polymer–Based Second-Generation Drug-Eluting Stents
	Bioabsorbable Polymer Biolimus-Eluting Stent (BioMatrix/Nobori) and Comparisons With First-Generation Drug-Eluting Stents
	Bioabsorbable Polymer Biolimus-Eluting Stents (BioMatrix/Nobori) and Comparisons With Second-Generation Drug-Eluting Stents

	Other Bioabsorbable Polymer–Based Drug-Eluting Stents

	Safety and Efficacy of Drug-Eluting and Bare-Metal Stents: Synthesizing the Data Through Meta-Analyses
	Polymer-Free Drug-Eluting Stents
	Conclusions

	Stents in Specific Situations
	Acute ST-Segment Elevation Myocardial Infarction
	Stents to Reduce Distal Embolization in ST-Elevation Myocardial Infarction
	Diabetes Mellitus
	Left Main and Multivessel Disease
	Chronic Total Occlusions
	Bifurcation Lesions
	Saphenous Vein Grafts

	Stent Failure Mechanisms and Management
	Stent Thrombosis
	Dual-Antiplatelet Therapy and Stent Thrombosis
	Restenosis
	Treatment of Restenosis


	Conclusions and Future Directions
	References

	17 Drug-Coated Balloons
	Key Points
	Preclinical Data
	Clinical Data on Drug-Coated Balloons
	Human Pharmacokinetics of Current Drug-Coated-Balloon Technology
	Data From the Coronary Application of Drug-Coated Balloons
	Coronary In-Stent Restenosis
	Coronary De Novo Disease

	Clinical Data From the Peripheral Vascular Application of Drug-Coated Balloons

	The Future of Drug-Coated-Balloon Technology
	Summary
	References

	18 Elective Intervention for Stable Angina or Silent Ischemia
	Key Points
	Revascularization in Patients with Chronic Stable Angina
	Addition of Revascularization to Optimal Medical Therapy
	Selection of Revascularization Strategy
	Revascularization in Patients with Silent Ischemia
	Tools for Selection of Therapy
	Summary
	References

	19 Percutaneous Intervention for Non–ST-Segment Elevation Acute Coronary Syndromes
	Key Points
	Background and Rationale for Percutaneous Coronary Intervention in Patients with Non–ST-Segment Elevation Acute Coronary Syndrome
	Risk Stratification

	Predicting a Late Positive Serum Troponin Level in Initially Troponin-Negative Patients with Non–ST-Segment Elevation Acute Coronary Syndrome
	Adjunctive Treatment during Percutaneous Coronary Intervention for Non–ST-Segment Elevation Acute Coronary Syndrome
	Antiplatelet Treatment
	Aspirin
	Thienopyridines
	Clopidogrel
	Prasugrel
	Ticagrelor

	Anticoagulant Treatment
	Heparin
	Low-Molecular-Weight Heparin
	Bivalirudin
	Fondaparinux

	Glycoprotein IIb/IIIa Inhibitors
	Abciximab
	Tirofiban
	Eptifibatide


	EARLY Invasive Strategy Versus Ischemia-Guided Strategy for Patients with Non–ST- Segment Elevation Acute Coronary Syndrome
	Optimal Timing of Intervention
	Patients Who Derive Benefit From an Early Invasive Strategy

	Special Populations
	Diabetes
	Chronic Kidney Disease
	Women

	Radial Percutaneous Coronary Intervention
	Revascularization of Multivessel Disease in Non–ST-Segment Elevation Acute Coronary Syndrome
	Drug-Eluting Stents for Patients with Non–ST-Segment Elevation Acute Coronary Syndrome
	Statins and Percutaneous Coronary Intervention for Non–ST-Segment Elevation Acute Coronary Syndrome
	Management of Patients with Non–ST-Segment Elevation Acute Coronary Syndrome
	References

	20 Percutaneous Coronary Intervention in Acute ST-Segment Elevation Myocardial Infarction
	Key Points
	Primary Percutaneous Coronary Intervention Versus Thrombolysis as A Reperfusion Strategy for STEMI
	Systems that Optimize Reperfusion in Patients with STEMI
	Time-to-Treatment Interval and Outcome of Primary Percutaneous Coronary Intervention for STEMI

	Primary Percutaneous Coronary Intervention in Late Presenters
	Interhospital Transfer for Primary Percutaneous Coronary Intervention
	Facilitated Percutaneous Coronary Intervention
	Routine Use Of Percutaneous Coronary Intervention After Thrombolysis: The Pharmacoinvasive Strategy
	Rescue Percutaneous Coronary Intervention
	Technical Aspects of Primary Percutaneous Coronary Intervention in STEMI
	Primary Stenting in Patients with STEMI
	Drug-Eluting Stents in Patients with STEMI
	Direct Stenting
	Radial Artery Versus Femoral Artery Vascular Access for Primary Percutaneous Coronary Intervention
	Thrombectomy and Distal Protection Devices in Primary Percutaneous Coronary Intervention
	Periprocedural Antithrombotic/Anticoagulant Therapy in Patients with STEMI Undergoing Primary Percutaneous Coronary Intervention
	Adjunct Pharmacologic Therapies to Improve Myocardial Tissue Reperfusion in Patients with STEMI Undergoing Percutaneous Coronary Intervention
	Cell-Based Therapy and Regenerative Agents after STEMI
	Special Issues in Primary Percutaneous Coronary Intervention
	Cardiac Arrest
	Cardiogenic Shock
	Primary Percutaneous Coronary Intervention During Off-Hours Presentation
	Primary Percutaneous Coronary Intervention in the Elderly
	Primary Percutaneous Coronary Intervention and Multivessel Intervention
	Primary Percutaneous Coronary Infarction in Hospitals With and Without On-Site Coronary Artery Bypass Graft Surgery
	Deferred Stenting

	Concluding Remarks
	References

	21 Interventions in Cardiogenic Shock
	Key Points
	Background
	Pathophysiology
	Clinical Presentation
	The Shock Trial and the Shock Registry
	Etiology
	Clinical Manifestations

	Treatment
	Role of Right Heart Catheterization
	Inotropes
	Mechanical Support

	Reperfusion in Cardiogenic Shock
	Percutaneous Coronary Intervention in Cardiogenic Shock


	Multivessel Disease
	Long-Term Survival and Quality of Life
	Conclusion
	References

	22 Bifurcations and Branch Vessel Stenting
	Key Points
	Bifurcation Lesions
	Contemporary Studies
	Approach to Treatment of Bifurcation Lesions
	Guiding Catheter Selection
	A General Outline When Treating a Bifurcation Lesion
	Difficult Access to the Side Branch
	The Role of Final Kissing Balloon Inflation
	A Second Stent in the Side Branch Following Provisional Approach
	The T Technique
	T Stenting and Small Protrusion
	Reverse/Internal Crush: Crush Performed After Main Branch Stenting
	The Provisional Culotte Technique

	The European Bifurcation Club Approach to Bifurcation Stenting

	Using Two Stents with Intention to Treat
	Size and Territory of Distribution of the Side Branch
	The Length of the Lesions Present at the Ostium of the Side Branch
	The Angle Between the Main Branch and the Side Branch and the Narrowing at the Ostium of the Side Branch

	Two-Stent Techniques
	The Culotte Technique
	Technique Description
	The Mini-Crush Technique (Side Branch Stent Crushed by the Main Branch Stent)
	Technique Description

	Step Crush and Double-Kissing Crush
	Technique Description

	The V-Stent and the Simultaneous Kissing Stent Techniques
	Technique Description

	The Y and Skirt Techniques
	Flower-Petal Stenting
	Controversies in the Technical Approach to Isolated Ostial Left Anterior Descending or Circumflex Lesions
	Approach to Ostial Left Anterior Descending Coronary Artery Lesions
	Approach to Isolated Side Branch Ostial (0,0,1) Bifurcation Lesions: Lesions at the Ostium of a Diagonal/Obtuse Marginal/Posterolateral Branch

	Dedicated Bifurcation Stents
	Bioresorbable Scaffolds

	Role of Adjunctive Procedures
	Rotational Atherectomy
	Cutting Balloon
	Associated Pharmacologic Treatment

	Conclusions
	References

	23 Percutaneous Coronary Intervention for Unprotected Left Main Coronary Artery Stenosis
	Key Points
	Anatomy and Pathology
	Definition of Significant Left Main Coronary Artery Stenosis

	Stenting Techniques
	Ostial and Shaft Lesion
	Bifurcation Lesion

	Adjuvant Devices and Methods
	Intravascular Ultrasound
	Fractional Flow Reserve
	Hemodynamic Support
	Medication Versus Revascularization
	Unprotected Left Main Coronary Artery Stenting
	Bare-Metal Stenting
	Drug-Eluting Stent Implantation



	Stent Thrombosis and Antiplatelet Therapy after Drug-Eluting Stent Implantation
	In-Stent Restenosis After Left Main Coronary Artery Drug-Eluting Stenting
	Comparison of Percutaneous Coronary Intervention Versus Coronary Artery Bypass Grafting in Unprotected Left Main Coronary Artery Stenosis
	Registry Data
	Randomized Trials


	Current Status of Left Main Coronary Artery Stenting
	Conclusions
	References

	24 Complex and Multivessel Percutaneous Coronary Intervention
	Key Points
	Percutaneous Coronary Balloon Angioplasty Versus Coronary Artery Bypass Grafting
	The Bypass Angioplasty Revascularization Investigation (BARI)
	The Randomized Intervention Treatment of Angina (RITA)
	The German Angioplasty Versus Bypass Surgery Investigation (GABI)
	The Emory Angioplasty Versus Surgery Trial (EAST)
	The Coronary Angioplasty Versus Bypass Revascularization Investigation (CABRI)
	The Argentine Randomized Trial of Percutaneous Transluminal Coronary Angioplasty Versus Coronary Artery Bypass Surgery (ERACI)
	Summary

	Percutaneous Coronary Intervention with Bare-Metal Stenting Versus Coronary Artery Bypass Grafting
	Arterial Revascularization Therapies Study (ARTS)
	Angina With Extremely Serious Operative Mortality Evaluation (AWESOME)
	The Medicine, Angioplasty, or Surgery Study (MASS-II)
	Stent or Surgery Trial (SoS)
	ERACI II
	Summary

	Percutaneous Coronary Intervention with Drug-Eluting Stents Versus Coronary Artery Bypass Grafting
	Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX)
	ARTS II
	ERACI III
	Coronary Artery Revascularization in Diabetes (CARDia)
	Future Revascularization Evaluation in Patients With Diabetes Mellitus: Optimal Management of Multivessel Disease (FREEDOM)
	Preventive Angioplasty in Acute Myocardial Infarction (PRAMI)
	Complete Versus Culprit-Only Revascularization to Treat Multivessel Disease After Primary Percutaneous Coronary Intervention for STEMI (COMPLETE)
	Summary

	Meta-Analysis
	Registry Studies
	Recommendations for Clinical Practice
	References

	25 Intervention for Coronary Chronic Total Occlusions
	Key Points
	Chronic Total Coronary Occlusion
	Definition
	Prevalence
	Clinical Profile and Presentation
	Pathology

	Ischemia, Collateral Circulation, and Left Ventricle Function
	Clinical Outcomes
	Indications for Revascularization
	Techniques for Chronic Total Occlusion Percutaneous Coronary Intervention
	Prediction of Chronic Total Occlusion Crossing Difficulty
	Specific Approaches and Techniques
	Antegrade Guidewire Approach
	Antegrade Dissection/Reentry
	The Retrograde Approach
	Retrograde Wire Crossing
	Retrograde Dissection and Reentry Techniques


	Hybrid Strategy for Chronic Total Occlusion Percutaneous Coronary Intervention
	Treatment of Lesions Resistant to Dilation

	Conclusion
	References

	26 Bypass Graft Intervention
	Key Points
	The Scope of the Problem
	Indications for Intervention
	Early Postoperative Period
	One to Three Years After Surgery
	More Than Three Years After Surgery
	Acute ST-Segment–Elevation Myocardial Infarction

	Technical Strategy
	Results of Intervention
	Percutaneous Coronary Intervention Versus Reoperation
	Vein Graft Intervention
	Bare-Metal Stents Versus Balloon Angioplasty in Vein Grafts
	Drug-Eluting Stents in Vein Grafts
	Embolic Protection
	Adjunctive Pharmacotherapy
	Restenosis Lesions in Saphenous Vein Grafts
	Total Occlusion of Saphenous Vein Grafts

	Internal Mammary Artery Grafts

	Complications
	Perforation
	No-Reflow Phenomenon

	The Future of Bypass Graft Intervention
	References

	27 The Thrombus-Containing Lesion
	Key Points
	Pathophysiology of Thrombus
	Detection of Thrombus-Containing Lesions
	Thrombus Grading
	Limitations of Standard Percutaneous Coronary Intervention in Thrombus-Containing Lesions
	Pharmacotherapy for Thrombus-Containing Lesions
	Approach to Mechanical Thrombus Removal
	Role of Adjunct Thrombectomy
	Aspiration Catheters
	Power-Sourced Thrombectomy Devices

	Embolic Protection Devices
	Stents for Dedicated Thrombus Management
	Power Thrombectomy

	Unique Thrombus-Containing Targets and Related Revascularization Techniques
	Bypass Grafts
	Chronic Total Occlusions
	Left Main Disease
	Stent Thrombosis
	Multiple Thrombi in a Single Vessel
	Multivessel Coronary Thrombosis

	Summary
	References

	28 Complications of Percutaneous Coronary Intervention
	Key Points
	Abrupt Closure
	Incidence
	Mechanisms
	Prognostic Significance
	Treatment
	Unsuccessful Outcome
	Stent Thrombosis

	Coronary Perforation
	Incidence
	Mechanisms
	Prognosis
	Diagnosis
	Management

	Device Embolization
	Incidence
	Mechanism
	Treatment
	Retained Percutaneous Angioplasty Equipment Components
	Prognosis

	Emergency Coronary Bypass Surgery
	Incidence
	Prognosis

	Myocardial Infarction
	Incidence
	Mechanism
	Prognosis
	Prevention

	Coronary No-Reflow Phenomenon
	Incidence and Diagnosis
	Prevention
	Treatment
	Prognosis

	Air Embolism
	Incidence
	Diagnosis
	Treatment

	Radiocontrast Hypersensitivity
	Incidence and Prognosis
	Prevention and Treatment

	Bleeding
	Conclusion
	References

	29 Periprocedural Myocardial Infarction and Embolism-Protection Devices
	Key Points
	Definition
	The Third Universal Definition of Myocardial Infarction: Definition of Periprocedural Myocardial Infarction
	The Society of Cardiac Angiography and Interventions Expert Consensus Proposed Definition of Periprocedural Myocardial Infarction
	Enzyme Elevation and Evidence of Myonecrosis: The Value of Imaging Studies

	Incidence
	Underlying Pathophysiologic Mechanisms
	Distal Embolization and Periprocedural Myocardial Infarction
	The Role of the Platelet
	Periprocedural ST-Segment–Elevation Myocardial Infarction
	Other Pathophysiologic Mechanisms

	Risk Factors Predisposing to Periprocedural Myocardial Infarction
	Clinical Characteristics
	Lesion-Related Risk Factors
	Procedural Complications and Risk of Periprocedural Myocardial Infarction
	Risk of Periprocedural Myocardial Infarction by Interventional Device

	Prognostic Implications of Periprocedural Myocardial Infarction
	Prevention and Management of Periprocedural Myocardial Infarction
	Intravenous Glycoprotein IIb/IIIa Platelet Inhibitors
	Direct Thrombin Inhibitors (Bivalirudin)
	P2Y12 Platelet Inhibitors
	Impact of Statin Therapy
	Other Pharmacologic Interventions
	Nonpharmacologic Approaches

	Conclusions
	Embolic Protection Devices
	Distal Filter Devices
	Distal Occlusion Devices
	Proximal Occlusion Devices

	Saphenous Vein Graft Percutaneous Coronary Intervention
	Percutaneous Coronary Intervention for Acute Myocardial Infarction
	Carotid Stenting
	Distal Embolism Protection Devices in Carotid Stenting
	Proximal Embolism Protection Devices in Carotid Stenting
	Renal and Peripheral Interventions

	Conclusions
	References

	30 Access Management and Closure Devices
	Key Points
	Planning Access
	Retrograde Puncture Technique for the Femoral Artery
	Puncture Technique for the Radial Artery
	Puncture Technique for the Brachial Artery
	Antegrade Puncture Technique for the Femoral Artery
	Puncture Technique for the Popliteal Artery
	Transapical Left Ventricular Puncture

	Hemostatic Methods after Percutaneous Cardiovascular Procedures
	Manual and Mechanical Compression
	Femoral Closure Devices
	Suture-Based Closure Devices
	Plug-Based Sealing Devices
	Electrical-Based Sealing Pads

	Access-Site Complications
	Hematoma
	Retroperitoneal Hemorrhage
	Pseudoaneurysm
	Arteriovenous Fistula
	Vessel Occlusion
	Access-Site Infections

	Conclusions and Future Trends
	References

	31 Transradial Approach for Diagnostic Coronary Angiography and Intervention
	Key Points
	Rationale for Transradial Approach to Percutaneous Coronary Intervention
	Anatomic Considerations
	Feasibility

	Transradial Versus Transfemoral Approach for Percutaneous Coronary Intervention
	Transradial Approach in St-Elevation Myocardial Infarction
	Transradial Versus Transbrachial Approaches
	Transradial Versus Transulnar Approach
	Cost-Effectiveness
	Practical Considerations for a Transradial Approach
	Contraindications to the Transradial Approach
	Assessment of Ulnopalmar Arterial Arches
	The Allen Test

	A Right Versus Left Transradial Approach
	Patient Preparation, Arterial Puncture, and Sheath Insertion (Video 31-2)
	Prevention of Radial Artery Spasm
	Anticoagulation
	Glycoprotein IIb/IIIa Inhibitors and Fibrinolytics
	Guiding Catheters
	Difficult Anatomy
	Repetition of Transradial Procedures
	Complications

	Conclusions
	References

	32 The Role of the Cardiac Surgeon
	Key Points
	Historical Perspective
	Surgical Standby
	Percutaneous Coronary Intervention Without On-Site Surgical Backup

	The Surgical Interventionalist
	Transcatheter Aortic Valve Replacement
	The Cardiac Surgeon in Innovation
	Creation and Development of Interventional Procedures and Devices
	The Hybrid Suite

	Convergence of Surgery and Interventional Cardiology
	Hybrid Coronary Revascularization


	The Cardiovascular Interventionalist
	References

	33 Restenosis
	Key Points
	Mechansisms of Restenosis
	Normal Versus Pathologic Response to Arterial Injury
	Endothelial Injury and Platelet Activation
	Inflammation
	Smooth Muscle Cell Proliferation
	Cell-Cycle Regulation and the Rationale for Drug-Eluting Stent Development
	Sirolimus and Its Analogues
	Paclitaxel

	Clinical Features of Restenosis
	Definitions: Angiographic Restenosis
	Clinical Restenosis
	Incidence of Restenosis
	Patterns of Restenosis
	Predictors of Restenosis
	Technical Factors
	Drug-Eluting Stent Restenosis

	Treatment of Restenosis
	Newer Generation Drug-Eluting Stents and Beyond
	Summary
	References

	34 Bioresorbable Coronary Scaffolds
	Key Points
	Terminology
	Stent or Scaffold?
	Biodegradation, Bioabsorption, and Bioresorption

	Rationale for Bioresorbable Scaffolding
	Bioresorbable Materials for Coronary Stents
	Physical Properties
	Bioresorption

	Historic Development of Bioresorbable Scaffolding Technology
	Current Landscape of Polymeric Bioresorbable Scaffold Devices
	Absorb Bioresorbable Vascular Scaffold
	DESolve Bioresorbable Scaffold
	Reva Medical Bioresorbable Scaffolding
	The ART Bioresorbable Scaffold
	Amaranth Bioresorbable Scaffold
	The Ideal Bioresorbable Scaffold
	Bioresorbable Scaffolds at Developmental Stages

	The Current Landscape of Metallic Bioresorbable Scaffold Devices
	Iron-Based Bioresorbable Scaffolds
	Magnesium-Based Bioresorbable Scaffolds

	Critical Evaluation of What a Bioresorbable Scaffold Can Offer
	Acute Performance
	Bioresorption
	Restoration of Vascular Physiology
	Prevention of Very Late Thrombotic Events
	Passivation of Vulnerable Plaques

	Current Challenges
	Optimizing Bioresorbable Scaffolding Technology
	Use in All-Comer Populations
	Use in Acute Coronary Syndromes
	Need for Long-Term Outcomes Data

	Conclusion and Future Directions
	Acknowledgments
	References

	35 The Role of Adjunct Devices:
	Key Points
	Historical Background
	Percutaneous Transluminal Rotational Atherectomy
	Mechanism of Action
	Equipment
	Procedure
	Clinical Results
	Lesion Selection

	Orbital Atherectomy
	Mechanism of Action
	Equipment
	Procedure
	Lesion Selection
	Clinical Results

	Directional Coronary Atherectomy
	Cutting Balloon Angioplasty
	Mechanism of Action
	Equipment
	Technique
	Clinical Results
	Lesion Selection
	Complications

	Scoring Balloon Angioplasty
	Laser Angioplasty
	Mechanism of Action
	Technique
	Clinical Results
	Lesion Selection

	Conclusion
	References

	36 Support Devices for High-Risk Percutaneous Coronary Interventions
	Key Points
	Introduction and Rationale
	Approach to the Patient
	Description of Devices
	Intraaortic Balloon Pump
	Insertion Technique
	Clinical Trials

	Percutaneous Cardiopulmonary Support
	Insertion Technique
	Clinical Trials

	Percutaneous Left Ventricular Assist Devices
	Left Atrial–Femoral Artery Bypass
	Insertion Technique
	Clinical Trials

	Case Study 1

	Transvalvular Left Ventricular Assist Devices
	Insertion Techniques
	Clinical Trials
	Case Study 2
	Guidelines on Use of Hemodynamic Support Devices in High-Risk Percutaneous Coronary Intervention

	Conclusion
	References

	37 Regional Centers of Excellence for the Care of Patients With Acute Ischemic Heart Disease
	Key Points
	The Case for Regionalized Care
	Adherence to Practice Guidelines
	Percutaneous Coronary Intervention Centers Without on-Site Cardiac Surgery
	Limited Medical Resources
	Benefit of Catheter-Based Therapy for Acute Coronary Syndromes
	ST-Elevation Myocardial Infarction
	Non–ST-Segment Elevation Acute Coronary Syndromes

	Regional Centers of Care for ST-Elevation Myocardial Infarction Patients
	Model Systems of Care
	Care Following ST-Elevation Myocardial Infarction
	Future Care of ST-Elevation Myocardial Infarction Patients

	References

	38 Post–Percutaneous Coronary Intervention Hospitalization, Length of Stay, and Discharge Planning
	Key Points
	Post–Percutaneous Coronary Intervention Discharge Planning
	Physician-Patient Communication
	Access-Site Management
	Postprocedure Ambulation
	Postprocedure Monitoring
	Discharge Physical Examination
	Discharge Instructions
	Site Management
	Activity Levels
	Driving and Return to Work
	Sexual Activity


	Medication Reconciliation
	Communication to the Referring Physician
	Follow-up

	The Role of Post–Percutaneous Coronary Intervention Monitoring of Cardiac Biomarkers, Platelet Inhibition, and Renal Function
	Platelet Function
	Renal Function

	Trends in Postprocedure Length of Stay
	Technological, Pharmacologic, and Procedural Advances
	Payer Expectations

	Same-Day Discharge Following Percutaneous Coronary Intervention
	History and Background
	Safety of Same-Day Discharge
	Patient Selection
	Selected Patient Populations
	Acute Coronary Syndrome
	Transfemoral Access
	Elderly

	Patient Satisfaction With Same-Day Discharge
	Economic Impact of Same-Day Discharge
	Recommendations for Safe Same-Day Discharge
	Preprocedure Screening
	Procedural Characteristics
	Postprocedural Monitoring
	After Discharge


	Conclusions
	References


	IV Peripheral Vascular Interventions
	39 Lower Extremity Interventions
	Key Points
	Epidemiology and Natural History
	Vascular Anatomy of the Lower Extremity
	Diagnosis of Lower Extremity Peripheral Arterial Disease
	History and Physical Examination
	Ankle-Brachial Index
	Pulse Volume Recording
	Segmental Blood Pressure
	Duplex Ultrasonography
	Computed Tomography Angiography
	Magnetic Resonance Angiography
	Contrast Angiography


	Interventions
	Iliac Artery Intervention for Inflow Disease
	Indications
	Revascularization Options
	Techniques
	Access and Recanalization Techniques
	Stent Choice

	Clinical Data
	Complications and Their Management
	When to Refer to Surgery

	Femoropopliteal Intervention for Outflow Disease
	Common Femoral Artery
	Indications
	Techniques
	Common Femoral Artery
	Deep Femoral Artery
	Superficial Femoral Artery

	Stent Choice
	Specific Techniques: Laser, Atherectomy, SilverHawk
	Clinical Data
	Complications and Their Management

	When to Refer to Surgery
	Infrapopliteal (Runoff) Disease
	Indications
	Techniques
	Access and Recanalization Techniques and Devices

	Stent Choice
	Specific Techniques
	Clinical Data
	When to Refer to Surgery


	Acute Limb Ischemia
	Management Strategies of Acute Limb Ischemia
	Interventional Treatment
	Pharmacologic Thrombolysis
	Percutaneous Aspiration Thrombectomy
	Percutaneous Mechanical Thrombectomy


	Surgery

	Critical Leg Ischemia
	Interventional Treatment and Surgery
	Periprocedural Antithrombotic Therapy
	Post Peripheral Bypass Surgery Patient

	Miscellaneous Conditions
	Buerger Disease (Thromboangiitis)
	Peripheral Aneurysm
	Atheroembolism

	Conclusions and Future Directions
	References

	40 Upper Extremities and Aortic Arch
	Key Points
	Epidemiology and Risk Factors for Peripheral Arterial Disease
	Vascular Anatomy of the Upper Extremity and Aortic Arch
	Normal Anatomy
	Anatomic Variants

	Diagnostic Evaluation and Disease Classification
	History and Physical Examination
	Laboratory Testing
	Vascular Laboratory Testing
	Catheter-Based Angiography

	Treatment
	Special Considerations
	Thoracic Outlet Syndrome
	Subclavian Steal Syndrome
	Coronary Steal Syndrome

	Conclusions
	Acknowledgments
	References

	41 Chronic Mesenteric Ischemia:
	Key Points
	Background
	Clinical Presentation
	Diagnosis
	Treatment
	Conclusion
	References

	42 Renal Artery Stenosis
	Key Points
	Epidemiology and Natural History
	Pathophysiology of Renovascular Hypertension and Ischemic Nephropathy
	Diagnostic Tests and Imaging
	Ultrasonography
	Peak Systolic Renal Parenchymal Velocity
	Magnetic Resonance Angiography and Computed Tomography Angiography

	Functional Assessment of Renal Artery Stenosis
	Identification of At-Risk Patients and Indications for Renal Artery Revascularization
	The CORAL Study
	Clinical Follow-Up

	Renal Endovascular Interventions
	Invasive Assessment of Renal Ischemia
	Renal Contrast Angiography
	Renal Artery Stenting
	Distal Protection Devices to Prevent Atheroembolization
	Management of In-Stent Restenosis
	Complications

	Percutaneous Renal Sympathetic Denervation to Treat Resistant Hypertension

	Acknowledgments
	References

	43 Device Therapy for Resistant Hypertension
	Key Points
	Definition and Epidemiology
	Neuromodification: Targeting the Sympathetic Nervous System and Hypertension
	Renal Denervation: Science and Clinical Application
	Data Supporting Renal Denervation
	Preclinical Research
	Surgical Denervation for Hypertension Control


	Renal Artery Denervation
	Radiofrequency Ablation: Symplicity Catheter System
	Clinical Evidence
	Efficacy
	Complications and Management of Radiofrequency Ablation in Renal Denervation

	Alternative Radiofrequency Devices
	Multielectrode Radiofrequency Ablation

	Ultrasound Ablation
	Tissue-Directed Pharmacologic Ablation
	Beta-Irradiation of the Renal Artery

	Quantifying Procedural Technical Success, Titrating Ablative Therapy, and Targeting Ideal Patients for Renal Denervation
	Alternative Approaches to Sympathetic Modulation
	The Carotid Body and Sinus
	Mechanical Reduction of Vascular Resistance and Increase of Compliance for Hypertension Management

	References

	44 Thoracic and Abdominal Aortic Vascular Interventions
	Key Points
	Aortic Dissection
	Indications for Endovascular Aortic Interventions
	Stable Acute Type B Aortic Dissection
	Unstable Acute Type B Aortic Dissection
	Chronic Type B Aortic Dissection

	Aortic Stent Graft Placement
	Retrograde Type A Thoracic Aortic Dissection
	Timing and Application of Endovascular Repair


	Descending Thoracic Aortic Aneurysm
	Endovascular Repair by Stent Grafts
	Technical Aspects of Endovascular Repair
	Hybrid Procedures for Aortic Arch Pathologies
	Clinical Experience
	Complications and Outcomes

	Abdominal Aortic Aneurysm
	Therapeutic Strategies
	Indications for Treatment
	Randomized Trial Data and Analysis

	References

	45 Venous Intervention
	Key Points
	The Venous System: Basic Histology and Physiology
	Vein Valves
	Physiology
	Varicose Veins
	Chronic Venous Disease

	Central Venous Stenosis
	Diagnosis of Central Venous Stenosis
	Technique
	Stent Selection
	Complications

	Deep Venous Thrombosis of the Upper Extremity
	Diagnostic Testing
	Contrast Venography
	Duplex Ultrasonography
	Magnetic Resonance Imaging
	Computed Tomography Venography

	Treatment Options
	Anticoagulation
	Thrombolytic Therapy
	Interventional Therapy
	Surgical Therapy


	Deep Venous Thrombosis of the Lower Extremity
	Diagnosis of Acute Deep Venous Thrombosis of the Lower Extremity
	Venous Duplex Ultrasound
	Diagnostic Testing and Clinical Risk Stratification

	Goals of Therapy
	Inferior Vena Cava Filters
	Catheter-Directed Thrombolysis
	Percutaneous Mechanical Thrombectomy

	References

	46 Carotid and Cerebrovascular Intervention
	Key Points
	Carotid Bifurcation Intervention
	Carotid Bifurcation Atherosclerosis and Stroke
	Natural History of Carotid Artery Bifurcation Disease
	Benefit of Carotid Revascularization
	Percutaneous Carotid Revascularization
	Carotid Artery Stenting: The Procedure
	Preprocedural Assessment
	Baseline Angiography
	Interventional Technique
	Delivery of Sheath or Guide to the Common Carotid Artery
	Delivery of Embolic Protection Device


	Angioplasty and Stenting
	Predilation
	Stent Selection and Placement
	Postdilation
	Removal of the Embolic Protection Device and Final Angiography

	Postprocedural Care and Follow-Up

	Complications of Carotid Intervention
	Stroke
	Hemodynamic Depression
	Hyperperfusion Syndrome
	Adverse Cardiac Events
	Restenosis

	Carotid Artery Stenting—Clinical Data
	Carotid Artery Stenting in High-Risk Patients
	Carotid Artery Stenting in Normal-Risk Patients

	Carotid Artery Stenting—Future Perspective
	Proximal Vertebral Artery Intervention
	Technique
	Endovascular Outcomes

	Intracranial Intervention
	Technique
	Clinical Outcomes

	Conclusions
	References

	47 Stroke Centers and Interventional Cardiology
	Key Points
	New Imaging Strategies
	Management of Physiologic Variables
	Hypertension
	Hypoglycemia
	Hyperglycemia
	Fever

	Reperfusion Strategies
	Intravenous Thrombolysis
	Intraarterial Thrombolysis
	Mechanical Thrombectomy
	Angioplasty and Stent Placement
	Neuroprotection

	Stroke Centers
	The Role of Cardiology in a Stroke Program
	References


	V Intracardiac Intervention
	48 Imaging for Intracardiac Interventions
	Key Points
	Fluoroscopy and Angiography
	Left-Sided Structures
	Left Atrial Angiogram
	Left Ventriculogram
	Aortogram

	Right-Sided Structures
	Right Atrial Angiogram
	Right Ventriculogram

	Pulmonary Angiogram

	Transesophageal Echocardiography
	Intracardiac Echocardiography
	Specific Procedural Uses for Intracardiac Imaging
	Transseptal Puncture
	Patent Foramen Ovale
	Secundum Atrial Septal Defect
	Left Atrial Appendage Occlusion
	Mitral Valvuloplasty
	Aortic Valvuloplasty
	Pulmonary Valvuloplasty
	Percutaneous Mitral Valve Repair
	Percutaneous Aortic Valve Replacement
	Mechanical Prosthetic Valve Assessment
	Paravalvular Leak Closure

	Summary
	References

	49 Percutaneous Closure of Patent Foramen Ovale and Atrial Septal Defect
	Key Points
	Patent Foramen Ovale
	Embryology
	Incidence
	Cryptogenic Stroke
	Stroke Recurrence and Risk Identification
	Diagnosis of a Paradoxical Embolic Stroke
	Treatment of Cryptogenic Stroke
	Medical Treatment
	Surgical Treatment
	Percutaneous Treatment


	Related Disorders
	Migraine Headache
	Platypnea-Orthodeoxia Syndrome and Hypoxia
	Decompression Sickness

	Diagnosis of Patent Foramen Ovale
	Closure Devices
	Amplatzer Patent Foramen Ovale Occluder
	Premere Patent Foramen Ovale Closure System
	Future Devices

	Closure of Patent Foramen Ovale
	Indications
	Preprocedure Considerations
	Venous Access
	Crossing the Interatrial Septum
	Anticoagulation
	Measurement for Device Selection
	Delivery Sheath Insertion and Device Preparation
	Device Positioning and Release
	Postprocedure Care
	Special Considerations
	Transseptal Puncture
	Prominent Chiari Network and Redundant Eustachian Valve
	Multiple Shunts
	Atrial Septal Aneurysms
	Lipomatous Hypertrophy of the Atrial Septum

	Complications
	Procedure-Related Complications
	Device-Related Complications

	Conclusions


	Atrial Septal Defect
	Embryology
	Anatomic and Morphologic Considerations
	Clinical Presentation
	Hemodynamics
	Diagnosis
	Echocardiography
	Cardiac Catheterization

	Closure of Atrial Septal Defect
	Indications
	Devices for Percutaneous Closure
	Amplatzer Septal Occluder
	Gore Helex Occluder

	Procedural Details
	Complications
	Special Considerations
	Closure of Large Atrial Septal Defects
	Multifenestrated Atrial Septal Defects
	Multiple Atrial Septal Defects
	Atrial Septal Defect Closure and Pulmonary Hypertension
	Diastolic Left Ventricular Dysfunction and Atrial Septal Defect Closure



	Conclusions
	References

	50 Left Atrial Appendage Closure and Stroke:
	Key Points
	Atrial Fibrillation and Stroke
	Assessment of Thromboembolic and Bleeding Risk
	Oral Anticoagulation for Stroke Prevention
	Left Atrial Appendage Closure
	Rationale
	Surgical Approaches
	Transcatheter Approaches
	Percutaneous Left Atrial Appendage Transcatheter Occlusion System
	Watchman Occluder
	Device Characteristics
	Implantation Procedure
	Clinical Data

	Amplatzer Cardiac Plug and Amulet
	Device Characteristics and Procedural Approach
	Clinical Data

	Transcatheter Left Atrial Appendage Ligation with the Lariat Device
	Device Characteristics and Procedural Approach
	Clinical Outcomes

	WaveCrest Occluder
	Device Characteristics and Procedural Approach



	Patient Selection
	Conclusions
	References

	51 Mitral Valvuloplasty
	Key Points
	Devices and Techniques
	Transseptal Approach
	Inoue Technique
	Other Techniques

	Monitoring the Procedure and Evaluating Results
	Monitoring the Procedure
	Immediate Results
	Failures
	Hemodynamics
	Complications
	Predictors of Immediate Results
	Long-Term Results


	Selection of Patients
	Patient Evaluation
	Assessment of Valve Anatomy

	Experience of the Medical and Surgical Teams
	Indications for Percutaneous Mitral Commissurotomy
	Future Prospects
	References

	52 Percutaneous Mitral Valve Repair
	Key Points
	Mitral Valve Disease
	Mitral Valve Anatomy
	Etiology and Mechanism of Mitral Regurgitation
	Natural History
	Imaging: Echocardiography
	Alternative Imaging Modalities

	Surgical Mitral Valve Repair
	Surgical Approach
	Isolated Annuloplasty
	Annuloplasty With Leaflet Repair
	Isolated Leaflet Repair With Edge-to-Edge Technique
	Percutaneous Mitral Valve Repair
	Edge-to-Edge (Double-Orifice) Leaflet Repair With the MitraClip System
	MitraClip for Degenerative Mitral Regurgitation
	MitraClip for Functional Mitral Regurgitation


	Annuloplasty-Based Mitral Valve Repair
	Indirect Annuloplasty
	CARILLON Mitral Contour System

	Direct Annuloplasty
	Mitralign Direct Annuloplasty System
	GDS AccuCinch Annuloplasty System
	Valtech Cardioband Annuloplasty System

	Cardiac Chamber Remodeling Devices
	Coapsys and iCoapsys
	Percutaneous Septal Sinus Shortening System
	Basal Annuloplasty of the Cardia Externally

	Other Annuloplasty Devices
	Artificial Chord Implantation

	Transcatheter Mitral Valve Replacement
	Transcatheter Mitral Valve Devices
	Patient Selection

	Future Directions
	References

	53 Transcatheter Aortic Valve Interventions:
	Key Points
	Balloon Aortic Valvuloplasty
	Retrograde Approach
	Cardiac Catheterization and Rapid Ventricular Pacing
	Balloon Preparation and Balloon Aortic Valvuloplasty
	Immediate Management After Balloon Aortic Valvuloplasty

	Antegrade Transseptal Approach
	Results of Balloon Aortic Valvuloplasty
	Applications of Balloon Aortic Valvuloplasty

	Transcatheter Aortic Valve Implantation
	Background
	Risk Stratification
	Patient Selection
	Preprocedure Planning
	Cardiac Catheterization and Angiography
	Echocardiography
	Computed Tomography

	Transcatheter Aortic Valves
	Sapien Heart Valve
	Sapien XT Valve

	Transfemoral Approach to Valve Implantation
	Room Requirements
	Anesthesia
	Infection and Antithrombotic Prophylaxis
	Venous and Arterial Access
	Aortic Angiography
	Temporary Pacemaker Placement
	Delivery Sheath Insertion
	Crossing the Aortic Valve
	Prior Balloon Aortic Valvuloplasty
	Valve Insertion and Deployment
	Sheath Removal and Arteriotomy Closure

	Transapical Approach to Valve Implantation
	Direct Transaortic Approach to Valve Implantation
	Outcomes
	Historical Results
	Recent Results
	Canadian Sapien Registry
	PARTNER European Registry
	SOURCE and SOURCE XT Registries
	FRANCE and FRANCE 2 Registries
	PARTNER Trial
	PARTNER II Trial


	Complications
	Stroke
	Heart Block
	Renal Dysfunction
	Severe Aortic Insufficiency
	Valve Embolization
	Vascular Complications
	Aortic Root Dissection and Annular Rupture
	Coronary Obstruction


	Corevalve Transcatheter Aortic Valve Replacement
	Patient Selection
	Clinical Criteria
	Anatomic Criteria
	Vascular Criteria

	Procedure
	Alternative Vascular Access Sites
	Clinical Series
	Valve Performance After Implantation
	Complications
	Strokes and Transient Ischemic Attacks
	Aortic Regurgitation
	Vascular Access Complications
	Conduction System Disturbances
	Coronary Artery Occlusion

	Ongoing Investigations

	Emerging Valve Technologies
	Sapien 3 Valve
	Centera Valve
	Lotus Valve
	Direct Flow Valve
	Portico Valve
	JenaValve
	Symetis Acurate Valve
	Engager Valve
	Other Valve Prostheses

	Other Uses for Transcatheter Aortic Valve Replacement
	Conclusions
	Disclosures
	References

	54 Pulmonary and Tricuspid Valve Interventions
	Key Points
	Transcatheter Pulmonary Valve Implantation
	Background and Clinical Indications
	Devices and Delivery Systems
	Melody Transcatheter Pulmonary Valve
	Sapien Pulmonic Transcatheter Heart Valve

	Patient Selection Criteria
	Clinical Criteria
	Morphologic Criteria
	Size and Shape of the Implantation Site
	Assessment of Coronary Artery Anatomy


	Procedure
	Laboratory Setup
	Hemodynamic Assessment
	Morphologic Assessment
	Device Setup
	Device Implantation
	Periprocedural Interventions
	Predilation of the Landing Zone.
	Postdilation of the Valved Stent.



	Results
	Immediate Hemodynamic Outcome
	Immediate Procedural Complications
	Follow-Up and Outcomes
	Clinical Consequences
	Nature and Management of Stent Fractures
	Valved Stent Endocarditis
	Functional Outcome


	Extended Indications and Future Directions

	Transcatheter Tricuspid Valve Implantation
	Background and Clinical Indications
	Patient Selection Criteria in Selected Series
	Devices for Tricuspid Valve Implantation
	Procedure
	Results
	Follow-Up and Outcomes
	Extended Indications and Future Directions

	Summary
	References

	55 Hypertrophic Cardiomyopathy
	Key Points
	Epidemiology
	Natural History of the Disease
	Clinical Presentation
	Diagnosis
	Echocardiography
	Electrocardiography
	Magnetic Resonance Imaging
	Catheterization and Hemodynamics
	Genetic Overview

	Treatment
	Medical Therapy
	Pharmacotherapy
	β-Adrenergic Receptor Blocking Agents
	Verapamil
	Disopyramide
	Amiodarone

	Dual-Chamber Pacing
	Implantation of an Implantable Cardiac Defibrillator

	Surgery
	Septal Ablation
	Procedural Technique


	Conclusions
	Acknowledgments

	References

	56 Pericardial Interventions
	Key Points
	Pericardial Effusion and Tamponade
	Pericardiocentesis
	Indications
	Technique
	Complications
	Postprocedural Management

	Percutaneous Balloon Pericardiotomy
	Technique
	Postprocedural Management
	Mechanism
	Results
	Evidence-Based Literature
	Multicenter Registry Experience

	Technical Considerations
	Echocardiographic and Chest Radiographic Qualifications
	Prophylactic Antibiotic Administration
	Bleeding Risk
	Fluoroscopic Guidance
	Risks of Cardiac and Pulmonary Injury
	Pleural Effusion
	Duration of Catheter Placement
	Management of Balloon Rupture
	Adjunctive Diagnostic Approaches

	Summary

	Novel Catheter-Based Interventions in the Pericardial Space
	Epicardial Mapping and Ablation
	Intrapericardial Echocardiography
	Percutaneous Pericardial Biopsy
	Pericardioscopy
	Percutaneous Left Atrial Appendage Suture Ligation

	Conclusions
	References

	57 Transcatheter Therapies for Congenital Heart Disease
	Key Points
	Pulmonary Balloon Valvuloplasty
	Indications for Intervention
	Technique
	Infants

	Acute Results
	Adults

	Long-Term Results
	Complications
	Conclusions and Recommendations

	Aortic Balloon Valvuloplasty
	Indications for Intervention
	Infants
	Children and Young Adults

	Technique
	Newborn Critical Aortic Stenosis

	Acute Results
	Critical Aortic Stenosis

	Long-Term Results
	Critical Aortic Stenosis

	Complications
	Current Controversies
	Fetal Intervention

	Conclusions and Recommendations

	Balloon-Expandable Stenting for Pulmonary Artery Stenosis
	Technical Considerations
	Acute and Intermediate Outcomes
	Long-Term Outcomes
	Conclusions and Recommendations

	Balloon-Expandable Stenting for Coarctation of the Aorta
	Technical Considerations
	Clinical Outcomes
	Conclusions and Recommendations

	Transcatheter Closure of the Secundum Atrial Septal Defect
	Physiology
	Clinical Presentation and Diagnosis
	Treatment and Outcomes
	Follow-Up

	Transcatheter Closure of Patent Ductus Arteriosus
	Physiology
	Clinical Presentation and Diagnosis
	Treatment and Outcomes
	Coils
	Duct Occluder Devices

	Follow-Up

	Transcatheter Pulmonary Valve Replacement
	Physiology
	Clinical Presentation and Diagnosis
	Treatment and Outcomes
	Technique
	Results
	Complications
	Conclusion

	References

	58 Stem Cell Therapy for Ischemic Heart Disease
	Key Points
	Approaches to Cell Therapy
	Differentiated Cell Transplantation
	Myocardial Regeneration
	Bone Marrow–Derived Mononuclear Cells

	Novel Autologous Stem Cell Indications and Types
	Mesenchymal Stem Cells and Multipotent Adult Progenitor Cells
	Cardiac Regeneration

	Stem Cell–Based Chemokine and Cytokine Strategies
	Electrical Effects of Cell Therapy
	Future Directions and Controversies
	Bench Investigation
	Clinical Investigation

	Conclusions
	References


	VI Evaluation of Interventional Techniques
	59 Qualitative and Quantitative Coronary Angiography
	Key Points
	Qualitative Angiography
	ACC/AHA Task Force Criteria for Lesion Morphology
	SYNTAX Score
	Risk Assessment Using Specific Lesion Morphologic Criteria
	Irregular Lesions
	Angulated Lesions
	Lesion Calcification
	Degenerated Saphenous Vein Grafts
	Thrombus
	Ostial Location
	Long Lesions
	Bifurcation Lesions
	Total Occlusion

	Angiographic Complications After Percutaneous Coronary Intervention
	Coronary Dissection
	No-Reflow Phenomenon
	Distal Embolization
	Coronary Perforation
	Coronary Spasm
	Abrupt Closure
	Stent Thrombosis
	Restenosis Pattern
	Late Aneurysm Formation

	Coronary Perfusion
	TIMI Flow Grade Classification
	TIMI Frame Count
	TIMI Myocardial Perfusion Grade

	Coronary Flow Velocity

	Quantitative Angiography
	Nonquantitative Estimates of Lesion Severity
	Computer-Assisted Quantitative Coronary Angiography
	Cardiovascular Angiography Analysis System
	Coronary Measurement System

	Factors Contributing to Variability Using Quantitative Coronary Angiography
	Biologic Variability
	Acquisition Variability
	Measurement Variability

	Quantitative Angiographic Indices
	Lumen Improvements After Percutaneous Coronary Intervention
	Angiographic Success
	Binary Angiographic Restenosis
	Late Lumen Loss
	Limitations of Quantitative Coronary Angiography
	Three-Dimensional Imaging


	References

	60 Intravascular Ultrasound
	Key Points
	Imaging Systems and Procedures
	Basic Principles
	Solid-State Dynamic Aperture System
	Mechanically Rotating Single-Transducer System
	Head-to-Head Comparisons

	Imaging Procedures
	Safety

	Image Interpretation
	Three-Layered Appearance of Arterial Wall
	Image Orientation
	Quantitative Measurements
	Plaque Composition on Gray-Scale Intravascular Ultrasound
	Advanced Tissue Characterization
	Radiofrequency Ultrasound Signal Analysis
	Intravascular Ultrasound Combined With Near-Infrared Spectroscopy


	Diagnostic Applications
	Abnormal Lesion Morphology
	Unstable Plaque
	Gray-Scale Intravascular Ultrasound
	Advanced Tissue Characterization

	Serial Monitoring of Disease Progression or Regression
	Myocardial Bridging

	Interventional Applications
	Angiographic Lesion Ambiguity
	Intermediate Lesions
	Preinterventional Plaque Assessment
	Selection of Device Size and Length
	Common Stent Problems at Deployment
	Optimization of Stent Expansion
	Guidance for Complex Interventions
	Stent Problems at Follow-Up
	Restenotic Lesions
	Late-Acquired Incomplete Stent Apposition
	Strut Fracture

	Impact of Intravascular Ultrasound Guidance on Long-Term Outcomes

	Summary and Future Perspectives
	Acknowledgments

	References

	61 High-Risk Vulnerable Plaques
	Key Points
	Clinical Characteristics of Vulnerable Plaques
	Definition
	Incidence
	Risk Factors
	Anatomic Distribution
	Plaque Rupture and Erosion

	Large Plaque Burden and the Expansion Hypothesis
	Plaque Pathology
	Stress-Strain Relationships
	Increased Ratio of Free Cholesterol to Esterified Cholesterol
	Increased Plaque Inflammation
	Vascular Remodeling
	Vasa Vasorum Neovascularization
	Intraplaque Hemorrhage

	Plaque Imaging
	Invasive Techniques
	Intravascular Ultrasound
	Virtual Histology
	Optical Coherence Tomography
	Angioscopy
	Spectroscopy
	Elastography, Palpography, and Intravascular Thermography

	Noninvasive Imaging Techniques
	Computed Tomography Angiography
	Nuclear Imaging
	Cardiac Magnetic Resonance Imaging


	Therapy
	Systemic Therapy
	Regional Therapy
	Local Therapy

	Future Directions
	References

	62 Optical Coherence Tomography
	Key Points
	Physical Principles of OCT Imaging
	Image Acquisition
	Artifacts
	Image Interpretation
	Quantitative Measurements

	Current Clinical Applications
	Assessment of Coronary Atherosclerosis
	Stent Assessment

	Principles of Stent Imaging
	Strut Apposition
	Strut Coverage

	Analysis of Stent Failure
	In-Stent Restenosis
	Stent Thrombosis

	Bioresorbable Vascular Scaffolds
	Promising Clinical Applications in Stented Coronary Lesions
	Use of OCT in Noncoronary Arteries
	Upcoming Technologies
	Future of OCT
	Conclusions
	Acknowledgments

	References


	VII Outcome Effectiveness of Interventional Cardiology
	63 Medical Economics and Interventional Cardiology
	Key Points
	Medical Economics: Concepts and Methods
	Medical Economics Terminology
	Cost Measurement
	Evaluation of Procedure and Hospital Costs
	Evaluation of Physician Costs
	Factors That Impact Cost Assessment

	Analytic Methods
	Utility Assessment
	Time Horizon and Discounting
	Sensitivity Analysis


	Data Sources for Economic Analysis and Decision Making
	Simulation With Markov Models
	Cost-Effectiveness Analysis With Patient-Level Data
	Benchmarks in Economic Analysis

	Medical Economics of Coronary Interventions in Stable Coronary Artery Disease
	Optimal Medical Therapy Versus Revascularization
	Drug-Eluting Stents Versus Bare-Metal Stents in Stable Multivessel Disease
	Balloon Angioplasty Versus Coronary Artery Bypass Grafting in Stable Multivessel Disease
	Bare-Metal Stents Versus Coronary Artery Bypass Grafting in Stable Multivessel Disease
	Drug-Eluting Stents Versus Coronary Artery Bypass Grafting in Stable Multivessel Disease

	Medical Economics of Coronary Interventions in Acute Coronary Syndrome
	Reperfusion in ST-Elevation Myocardial Infarction
	Early Invasive Versus Early Conservative Strategies for Non–ST-Elevation Myocardial Infarction Acute Coronary Syndrome
	Antiplatelet Therapy
	Glycoprotein IIb/IIIa Inhibitors
	P2Y12 Receptor Antagonists
	Antithrombotic Use in Acute Coronary Syndrome
	Antithrombotic Use in Non–ST-Elevation Myocardial Infarction
	Antithrombotic Use in ST-Elevation Myocardial Infarction

	Peripheral Vascular Interventions
	Peripheral Artery Disease Treatment
	Noninvasive Therapy
	Percutaneous Transluminal Angioplasty Versus Bypass Surgery
	Advanced Endovascular Interventions


	Medical Economics of Structural Cardiac Interventions
	Transcatheter Versus Surgical Closure of Secundum Atrial Septal Defects in Adults
	Transcatheter Aortic Valve Replacement
	Transcatheter Aortic Valve Replacement Versus Medical Therapy in Inoperable Patients
	Transcatheter Aortic Valve Replacement Versus Surgical Aortic Valve Replacement in High-Risk Patients
	Transcatheter Aortic Valve Replacement Versus Surgical Aortic Valve Replacement in Intermediate-Risk Patients

	Percutaneous Mitral Valve Repair

	References

	64 Quality of Care in Interventional Cardiology
	Key Points
	Quality Efforts in U.S. Medicine
	Quality in Interventional Cardiology
	Definition
	Therapeutic Development and Quality

	Building Blocks of Quality
	Clinical Practice Guidelines
	Performance Measures
	Outcome Measures
	Appropriate Use Criteria
	Impact of Guidelines, Performance Measures, and Appropriate Use Criteria
	Quality Assurance and Continuous Quality Improvement
	Benchmarking
	Peer Review

	Judging Quality in Interventional Cardiology
	Structure
	Process
	Outcomes

	Developing a Quality Culture in the Cardiac Catheterization Laboratory
	Organizational Culture
	Physician Champions
	Tools to Assist in Quality Improvement

	Public Reporting and the Cardiac Catheterization Laboratory
	Effects of Reporting on Quality
	Unintended Consequences

	Conclusions
	References

	65 Volume and Outcome
	Key Points
	Evidence for a Volume–Outcome Relationship
	Public Policy Implications
	Conclusions
	References

	66 Interventional Heart Failure
	Key Points
	Transcatheter Aortic Valve Replacement
	Percutaneous Mitral Valve Repair
	Percutaneous or Hybrid Ventricular Partitioning or Restoration
	Interatrial Shunt Devices
	Implantable Hemodynamic Monitors
	Conclusions
	References


	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Inside Back Cover

