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Foreword 

As is indicated in its title, the book you are about to read is concerned with the con-

genitally malformed heart. Approximately eight neonates in every thousand born 

alive present with such a “broken heart”. This number has changed little since 

Maude Abbott, when describing the first plate in her Atlas devoted to congenitally 

malformed hearts, commented that “An understanding of the elementary facts of 

human and comparative embryology is essential to an intelligent grasp of the onto-

genetic problems of congenital cardiac disease”. Paul Dudley White, when writing 

the foreword to her Atlas, commented that it had been left to Abbott to “make the 

subject one of such general and widespread interest that we no longer regard it with 

either disdain or awe as a mystery for the autopsy table alone to discover and to 

solve”. It is perhaps surprising, therefore, to realise that it has taken nearly a century 

for us to achieve the necessary understanding of the “elementary facts” emphasised 

by Abbott. Indeed, it is not that long since, in company with my very good friend 

and collaborator Anton Becker, we suggested that interpretations based on embryol-

ogy might prove to be a hindrance, rather than a help, in understanding the congeni-

tally malformed heart. The contents of this book show how much has changed in the 

years that have passed since we made that comment, such that we now need to eat 

our words.

As is revealed by the multiple chapters of this book, the recent advances made in 

the fields of cardiac embryology and molecular genetics have been truly spectacu-

lar. It was these fields that were expertly summarised in the volumes edited by 

Rosenthal and Harvey. The details contained in the central part of this book, related 

to central molecular pathways, recapitulate and extend those reviews. Such exten-

sive knowledge of the genetic and molecular background, however, is of limited 

value if these interpretations cannot properly be translated into the findings observed 

on a daily basis by those who diagnose and treat the individual cardiac lesions. The 

first part of this book, therefore, provides a necessarily brief overview of normal 

cardiac development, while the final chapters then incorporate the developmental 

and molecular findings into the clinical manifestations of the abnormal 

morphogenesis.

I know from my own experience how difficult it is to obtain such chapters from 

multiple authors, who nowadays are themselves under greater pressure to produce 

primarily in the peer-reviewed realm. The editors, therefore, are to be congratulated 



on assembling such a panoply of authoritative texts. As might be expected, not all 

of the texts are of comparable length or content. The critical reader will note that 

several of the topics addressed remain contentious, and that opinions continue to 

vary between the chosen experts. This is no more than to be expected, since the top-

ics remain very much moving targets. One hopes, therefore, that this is but the first 

edition of a work which itself, for the first time, seeks to provide in detail the scien-

tific background to the specific lesions that continue to break the normal heart. As 

the pages of this book demonstrate, we still have much to do if we are fully to 

understand the mechanics of normal as opposed to abnormal cardiac development.

London, United Kingdom Robert H. Anderson

August 2015



ix

Preface 

 

Leonardo Da Vinci made the first drawing of partial anomalous pulmonary 

venous connection in the fifteenth century, and 300 years later Karl von Rokitansky 

described ventricular septal defects. Since then the history of clinical recognition, 

therapeutic opportunities, and understanding of the developmental and genetic ori-

gin of congenital heart diseases (CHDs) has evolved rapidly. The first wave of prog-

ress was dedicated to the improvement of clinical diagnosis and therapy based on 

anatomical, physiological, and surgical considerations. Thus, the mortality of 

patients with CHD declined below 1 in 100,000 cases and a new group of adult 

patients with corrected and palliated CHD was formed.

A second wave of progress focused on the developmental, genetic, and molecu-

lar aspects of CHDs. Here significant insights were gained by studying animal mod-

els along with human. A large collection of genes, signaling pathways, and other 

molecular or hemodynamic insults have been discovered, frequently considering 

the developmental perspective as a starting point.



x

After decades of basic research focusing on animal models, the human pheno-

type will be the central dogma in the following years. This shift is based on signifi-

cant developments to overcome technological limitations now enabling studies 

addressing more and more complex biological questions and systems together with 

the recognition that improving human health is a central aim of life science research.    

This book brings together clinical, genetic and molecular knowledge starting from 

the perspective of the observed human phenotype during development and in the 

disease state. It aims to reach basic scientists as well as physicians and it might 

contribute to the current third wave of progression where basic science of cardiovas-

cular development is translated into clinical diagnosis and therapy of CHDs.

To reach this goal, this book is structured in three main parts providing an intro-

duction to the development of the heart and its vessels, an overview of molecular 

pathways affecting the development of multiple cardiovascular structures, and a 

textbook-like structure focused on the different types of congenital heart diseases 

with their clinical features, underlying genetic alterations and related animal models 

and pathways. We are grateful to all the contributors to this volume, who have pro-

vided state of the art accounts of their fields of expertise.

Berlin, Germany Silke Rickert-Sperling

Marseille, France Robert G. Kelly

Rochester, MN, USA David J. Driscoll

October 2015



xi

Part I Introduction

 1  Cardiac Development and Animal Models of Congenital  
Heart Defects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    3

Robert G. Kelly

 2  Normal Cardiac Anatomy and Clinical Evaluation  . . . . . . . . . . . . . .  11

David J. Driscoll

Part II Development of the Heart and Its Vessels

 3  First and Second Heart Field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25

Margaret Buckingham

 4  Neural Crest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41

Bijoy Thattaliyath and Mary Hutson

 5  Inflow Tract Development  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55

Andy Wessels

 6  Epicardium and Coronary Arteries  . . . . . . . . . . . . . . . . . . . . . . . . . . .  63

José C. Martín-Robles and José M. Pérez-Pomares

 7  Establishment of Cardiac Laterality . . . . . . . . . . . . . . . . . . . . . . . . . . .  71

George C. Gabriel and Cecilia W. Lo

 8  Cardiac Conduction System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83

Rajiv Mohan and Vincent M. Christoffels

 9  Hemodynamics During Development and Postnatal Life . . . . . . . . . .  97

David Sedmera

 10  Evolutionary Aspects of Cardiac Development . . . . . . . . . . . . . . . . . .  109

Bjarke Jensen and Antoon F.M. Moorman

Part III Central Molecular Pathways

 11  Inter- and Intracellular Signaling Pathways  . . . . . . . . . . . . . . . . . . . .  121

Jörg Heineke

Contents



xii

 12  Cardiac Transcription Factors and Regulatory Networks . . . . . . . . .  139

Marcel Grunert, Cornelia Dorn, and Silke Rickert-Sperling

 13  Post-transcriptional Regulation by Proteins and  
Non-coding RNAs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153

Amelia E. Aranega and Diego Franco

 14  Post-translational Modification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173

Jun Wang and Robert J. Schwartz

 15  Epigenetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203

Rajan Jain, Mudit Gupta, and Jonathan A. Epstein

 16  Environmental Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  223

George A. Porter Jr.

 17  The Contractile Apparatus of the Heart . . . . . . . . . . . . . . . . . . . . . . . .  237

Ingo Morano

 18  Technologies to Study Genetics and Molecular Pathways  . . . . . . . . .  251

Cornelia Dorn, Marcel Grunert, Ana Dopazo,  

Fátima Sánchez-Cabo, Alberto Gatto, Jésus Vázquez,  

Silke Rickert-Sperling, and Enrique Lara-Pezzi

Part IV Atrial Septal Defect

 19  Clinical Presentation and Therapy of Atrial Septal Defect. . . . . . . . .  273

David J. Driscoll

 20  Human Genetics of Atrial Septal Defect . . . . . . . . . . . . . . . . . . . . . . . .  279

Rabia Khan and Patrick Y. Jay

 21  Molecular Pathways and Animal Models of Atrial Septal Defect  . . .  291

Patrick Y. Jay, Karl R. Degenhardt, and Robert H. Anderson

Part V Ventricular Septal Defect

 22  Clinical Presentation and Therapy of Ventricular Septal Defect . . . .  303

David J. Driscoll

 23  Human Genetics of Ventricular Septal Defect . . . . . . . . . . . . . . . . . . .  307

Katherina Bellmann, Andreas Perrot, and Silke Rickert-Sperling

 24  Molecular Pathways and Animal Models of Ventricular  
Septal Defect  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  329

Lucile Houyel

Part VI Atrioventricular Septal Defect

 25  Clinical Presentation and Therapy of Atrioventricular  
Septal Defect  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  345

David J. Driscoll

Contents



xiii

 26  Human Genetics of Atrioventricular Septal Defect . . . . . . . . . . . . . . .  349

Cheryl L. Maslen

 27  Molecular Pathways and Animal Models of Atrioventricular  
Septal Defect  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  357

Andy Wessels

Part VII Total Anomalous Pulmonary Venous Return

 28  Clinical Presentation and Therapy of Total Anomalous  
Pulmonary Venous Return . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  369

David J. Driscoll

 29  Human Genetics of Total Anomalous Pulmonary Venous Return . . .  373

Robert E. Poelmann, Monique R.M. Jongbloed, Marco C. DeRuiter,  

and Adriana C. Gittenberger-de Groot

 30  Molecular Pathways and Animal Models of Total Anomalous  
Pulmonary Venous Return . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  379

Robert E. Poelmann, Adriana C. Gittenberger-de Groot,  

Monique R.M. Jongbloed, and Marco C. DeRuiter

Part VIII Tetralogy of Fallot and Double Outlet Right Ventricle

 31  Clinical Presentation and Therapy of Tetralogy of  
Fallot and Double Outlet Right Ventricle . . . . . . . . . . . . . . . . . . . . . . .  397

David J. Driscoll

 32  Human Genetics of Tetralogy of Fallot and Double  
Outlet Right Ventricle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  403

Cornelia Dorn, Andreas Perrot, and Silke Rickert-Sperling

 33  Molecular Pathways and Animal Models of Tetralogy of Fallot and 
Double Outlet Right Ventricle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  417

Robert G. Kelly

Part IX d-Transposition of the Great Arteries

 34  Clinical Presentation and Therapy of d-Transposition  
of the Great Arteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  433

David J. Driscoll

 35  Human Genetics of d-Transposition of the Great Arteries . . . . . . . . .  439

Patrice Bouvagnet and Anne Moreau de Bellaing

 36  Molecular Pathways and Animal Models of d-Transposition  
of the Great Arteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  449

Amy-Leigh Johnson and Simon D. Bamforth

Contents



Part X Defects of Situs

 37  Clinical Presentation and Therapy of Defects of Situs  . . . . . . . . . . . .  461

David J. Driscoll

 38  Human Genetics of Defects of Situs  . . . . . . . . . . . . . . . . . . . . . . . . . . .  463

Andreas Perrot and Silke Rickert-Sperling

 39  Molecular Pathways and Animal Models of Defects of Situs . . . . . . .  473

Nikolai T. Klena, George C. Gabriel, and Cecilia W. Lo

Part XI Semilunar Valve and Aortic Arch Anomalies

 40  Clinical Presentation and Therapy of Semilunar Valve and  
Aortic Arch Anomalies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  491

David J. Driscoll

 41  Human Genetics of Semilunar Valve and Aortic Arch Anomalies . . .  501

Matina Prapa and Siew Yen Ho

 42  Molecular Pathways and Animal Models of Semilunar Valve  
and Aortic Arch Anomalies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  513

Amy-Leigh Johnson and Simon D. Bamforth

Part XII Coronary Artery Anomalies

 43  Clinical Presentation and Therapy of Coronary  
Artery Anomalies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  529

David J. Driscoll

 44  Human Genetics of Coronary Artery Anomalies. . . . . . . . . . . . . . . . .  535

Beatriz Picazo and José M. Pérez-Pomares

 45  Molecular Pathways and Animal Models of Coronary  
Artery Anomalies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  541

Juan A. Guadix and José M. Pérez-Pomares

Part XIII Truncus Arteriosus

 46  Clinical Presentation and Therapy of Truncus Arteriosus . . . . . . . . .  555

David J. Driscoll

 47  Human Genetics of Truncus Arteriosus . . . . . . . . . . . . . . . . . . . . . . . .  559

Hiroyuki Yamagishi

 48  Molecular Pathways and Animal Models of Truncus Arteriosus . . . .  569

Amy-Leigh Johnson and Simon D. Bamforth

Contents



Part XIV Tricuspid Atresia and Univentricular Heart

 49  Clinical Presentation and Therapy of Tricuspid Atresia 
and Univentricular Heart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  579

David J. Driscoll

 50  Human Genetics of Tricuspid Atresia and Univentricular Heart  . . .  583

Abdul-Karim Sleiman, Liane Sadder, and George Nemer

 51  Molecular Pathways and Animal Models of Tricuspid Atresia 
and Univentricular Heart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  591

Kamel Shibbani and George Nemer

Part XV Ebstein Anomaly

 52  Clinical Presentation and Therapy of Ebstein Anomaly . . . . . . . . . . .  609

David J. Driscoll

 53  Human Genetics of Ebstein Anomaly . . . . . . . . . . . . . . . . . . . . . . . . . .  613

Gregor U. Andelfinger

 54  Molecular Pathways and Animal Models of Ebstein Anomaly  . . . . .  621

Gregor U. Andelfinger

Part XVI Hypoplastic Left Heart Syndrome

 55  Clinical Presentation and Therapy of Hypoplastic  
Left Heart Syndrome  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  637

David J. Driscoll

 56  Human Genetics of Hypoplastic Left Heart Syndrome . . . . . . . . . . . .  641

Woodrow D. Benson

 57  Molecular Pathways and Animal Models of Hypoplastic  
Left Heart Syndrome  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  649

Florian Wünnemann and Gregor U. Andelfinger

Part XVII Cardiomyopathies

 58  Clinical Presentation and Therapy of Cardiomyopathies . . . . . . . . . .  667

David J. Driscoll

 59  Human Genetics of Cardiomyopathies . . . . . . . . . . . . . . . . . . . . . . . . .  675

Alexa M.C. Vermeer, Arthur A.M. Wilde, and Imke Christiaans

 60  Molecular Pathways and Animal Models of Cardiomyopathies  . . . .  687

Enkhsaikhan Purevjav

Contents



Part XVIII Arrhythmias

 61  Clinical Presentation and Therapy of Arrhythmias  . . . . . . . . . . . . . .  715

David J. Driscoll

 62  Human Genetics of Arrhythmias  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  721

Erik Schulze-Bahr and Sven Dittmann

 63  Molecular Pathways and Animal Models of Arrhythmias . . . . . . . . .  737

Sara Adelman, Amy C. Sturm, and Peter J. Mohler

Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  747

Deepak Srivastava

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  751

Contents



Contributors

Sara Adelman The Dorothy M. Davis Heart and Lung Research Institute, The 

Ohio State University Wexner Medical Center, Columbus, OH, USA

Gregor U. Andelfinger Cardiovascular Genetics, Department of Pediatrics, CHU 

Sainte Justine, Université de Montréal, Montréal, QC, Canada

Robert H. Anderson Institute of Genetic Medicine, Newcastle University, 

International Centre for Life, Newcastle upon Tyne, United Kingdom

Amelia E Aranega Cardiovascular Research Group, Department of Experimental 

Biology, University of Jaén, Jaén, Spain

Simon D. Bamforth Institute of Genetic Medicine, Newcastle University, 

Newcastle upon Tyne, United Kingdom

Katherina Bellmann Cardiovascular Genetics, Charité – Universitätsmedizin 

Berlin, Berlin, Germany

D. Woodrow Benson Herma Heart Center, Children’s Hospital of Wisconsin, 

Medical College of Wisconsin, Milwaukee, WI, USA

Patrice Bouvagnet Laboratoire Cardiogénétique, Groupe Hospitalier Est, 

Hospices Civils de Lyon, Lyon, France

Margaret Buckingham Department of Developmental and Stem Cell Biology, 

Institut Pasteur, Paris, France

Imke Christiaans Department of Clinical and Experimental Cardiology and 

Department of Clinical Genetics, Academic Medical Centre, Amsterdam, The 

Netherlands

Vincent M. Christoffels Department of Anatomy, Embryology, and Physiology, 

Academic Medical Center, Amsterdam, The Netherlands

Anne Moreau de Bellaing Laboratoire Cardiogénétique, Groupe Hospitalier Est, 

Hospices Civils de Lyon, Lyon, France



Karl R. Degenhardt Division of Cardiology, Department of Pediatrics, Children’s 

Hospital of Philadelphia, Perelman School of Medicine at the University of 

Pennsylvania, Philadelphia, PA, USA

Marco C. DeRuiter Department of Anatomy & Embryology, Leiden University 

Medical Center, Leiden, The Netherlands

Sven Dittmann Department of Cardiovascular Medicine, Institute for Genetics of 

Heart Diseases (IfGH), University Hospital Münster, Münster, Germany

Ana Dopazo Cardiovascular Development and Repair Department, Centro 

Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Cornelia Dorn Cardiovascular Genetics, Charité – Universitätsmedizin Berlin, 

Berlin, Germany

David J. Driscoll Division of Pediatric Cardiology, Department of Pediatrics, 

Mayo Clinic College of Medicine, Rochester, MN, USA

Jonathan A. Epstein Department of Cell and Developmental Biology, Institute for 

Regenerative Medicine and the Cardiovascular Institute, Perelman School of 

Medicine at the University of Pennsylvania, Philadelphia, PA, USA

Diego Franco Cardiovascular Research Group, Department of Experimental 

Biology, University of Jaén, Jaén, Spain

George C. Gabriel Department of Developmental Biology, University of 

Pittsburgh School of Medicine, Pittsburgh, PA, USA

Alberto Gatto Cardiovascular Development and Repair Department, Centro 

Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Adriana C. Gittenberger-de Groot Department of Cardiology, Leiden University 

Medical Center, Leiden, The Netherlands

Marcel Grunert Cardiovascular Genetics, Charité – Universitätsmedizin Berlin, 

Berlin, Germany

Juan A. Guadix Department of Animal Biology, Faculty of Sciences, University 

of Málaga, Málaga, Spain

Mudit Gupta Department of Cell and Developmental Biology, Institute for 

Regenerative Medicine and the Cardiovascular Institute, Perelman School of 

Medicine at the University of Pennsylvania, Philadelphia, PA, USA

Jörg Heineke Experimentelle Kardiologie, Rebirth – Cluster of Excellence, Klinik 

für Kardiologie und Angiologie, Medizinische Hochschule Hannover, Hannover, 

Germany

Siew Yen Ho Royal Brompton & Harefield NHS Foundation Trust, London, 

United Kingdom

Contributors



xix

Lucile Houyel Department of Congenital Cardiac Surgery, Marie-Lannelongue 

Hospital – M3C, Paris-Sud University, Le Plessis-Robinson, France

Mary Hutson Department of Pediatrics, Neonatal-Perinatal Research Institute, 

Duke University Medical Center, Durham, NC, USA

Rajan Jain Department of Cell and Developmental Biology, Institute for 

Regenerative Medicine and the Cardiovascular Institute, Perelman School of 

Medicine at the University of Pennsylvania, Philadelphia, PA, USA

Patrick Y. Jay Departments of Pediatrics and Genetics, Washington University 

School of Medicine, St. Louis, MO, USA

Bjarke Jensen Department of Anatomy, Embryology & Physiology, Academic 

Medical Center, University of Amsterdam, Amsterdam, The Netherlands

Amy-Leigh Johnson Institute of Genetic Medicine, Newcastle University, 

Newcastle upon Tyne, United Kingdom

Monique R. M. Jongbloed Department of Cardiology and Department of Anatomy 

& Embryology, Leiden University Medical Center, Leiden, The Netherlands

Robert G. Kelly Aix Marseille Université, Institut de Biologie du Dévelopment de 

Marseille, Marseille, France

Rabia Khan Department of Pediatrics, Washington University School of Medicine, 

St. Louis, MO, USA

Nikolai T. Klena Department of Developmental Biology, University of Pittsburgh 

School of Medicine, Pittsburgh, PA, USA

Enrique Lara-Pezzi Cardiovascular Development and Repair Department, Centro 

Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Cecilia W. Lo Department of Developmental Biology, University of Pittsburgh 

School of Medicine, Pittsburgh, PA, USA

José C. Martín-Robles Department of Animal Biology, Faculty of Sciences, 

University of Málaga, Málaga, Spain

Cheryl L. Maslen Knight Cardiovascular Institute, Oregon Health & Science 

University, Portland, OR, USA

Rajiv Mohan Department of Anatomy, Embryology, and Physiology, Academic 

Medical Center, Amsterdam, The Netherlands

Peter J. Mohler Division of Cardiovascular Medicine and Division of Human 

Genetics, Department of Physiology and Cell Biology, Department of Internal 

Medicine, The Dorothy M. Davis Heart and Lung Research Institute, The Ohio 

State University Wexner Medical Center, Columbus, OH, USA

Contributors



xx

Antoon F. M. Moorman Department of Anatomy, Embryology & Physiology, 

Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands

Ingo Morano Department of Molecular Muscle Physiology, Max-Delbrück Center 

for Molecular Medicine and University Medicine Charité Berlin, Berlin, Germany

George Nemer Department of Biochemistry and Molecular Genetics, Faculty of 

Medicine, American University of Beirut, Beirut, Lebanon

José M. Pérez-Pomares Department of Animal Biology, Faculty of Sciences, 

University of Málaga, Málaga, Spain

Andreas Perrot Cardiovascular Genetics, Charité – Universitätsmedizin Berlin, 

Berlin, Germany

Beatriz Picazo Hospital Materno Infantil-Hospital Carlos de Haya, Málaga, Spain

Robert E. Poelmann Department of Cardiology and Department of Integrative 

Zoology, Institute of Biology, Leiden University, Leiden University Medical Center, 

Leiden, The Netherlands

George A. Porter Jr. Departments of Pediatrics (Cardiology), Pharmacology and 

Physiology, and Medicine, Cardiovascular Research Institute, University of 

Rochester Medical Center, Rochester, NY, USA

Matina Prapa St George’s Healthcare NHS Trust, London, United Kingdom

Enkhsaikhan Purevjav Cardiology, Department of Pediatrics, The Heart Institute, 

University of Tennessee Health Science Center, Le Bonheur Children’s Hospital, 

Memphis, TN, USA

Silke Rickert-Sperling Cardiovascular Genetics, Charité – Universitätsmedizin 

Berlin, Berlin, Germany

Liane Sadder Faculty of Medicine, American University of Beirut, Beirut, 

Lebanon

Fátima Sánchez-Cabo Cardiovascular Development and Repair Department, 

Centro Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Eric Schulze-Bahr Department of Cardiovascular Medicine, Institute for Genetics 

of Heart Diseases (IfGH), University Hospital Münster, Münster, Germany

Robert J. Schwartz Texas Heart Institute, Houston, TX, USA

David Sedmera Institute of Physiology, Academy of Sciences of the Czech 

Republic, Institute of Anatomy, First Faculty of Medicine Charles University, 

Prague, Czech Republic

Kamel Shibbani Department of Biochemistry and Molecular Genetics,  

American University of Beirut, Beirut, Lebanon

Contributors



xxi

Abdul-Karim Sleiman Faculty of Medicine, American University of Beirut, 

Beirut, Lebanon

Deepak Srivastava Gladstone Institute of Cardiovascular Disease, Roddenberry 

Stem Cell Center at Gladstone, University of California San Francisco, San 

Francisco, CA, USA

Amy C. Sturm Division of Human Genetics, Department of Internal Medicine, 

The Dorothy M. Davis Heart and Lung Research Institute, The Ohio State University 

Wexner Medical Center, Columbus, OH, USA

Bijoy Thattaliyath Department of Pediatrics, Neonatal-Perinatal Research 

Institute, Duke University Medical Center, Durham, NC, USA

Jesús Vázquez Cardiovascular Development and Repair Department, Centro 

Nacional de Investigaciones Cardiovasculares, Madrid, Spain

Alexa M. C. Vermeer Department of Clinical and Experimental Cardiology and 

Department of Clinical Genetics, Academic Medical Centre, Amsterdam, The 

Netherlands

Jun Wang Texas Heart Institute, Houston, TX, USA

Andy Wessels Department of Regenerative Medicine and Cell Biology, Medical 

University of South Carolina, Charleston, SC, USA

Arthur A. M. Wilde Department of Clinical and Experimental Cardiology, 

Academic Medical Center, Amsterdam, The Netherlands

Florian Wünnemann Cardiovascular Genetics, Department of Pediatrics, CHU 

Sainte Justine, Université de Montréal, Montréal, QC, Canada

Hiroyuki Yamagishi Division of Pediatric Cardiology, Department of Pediatrics, 

Keio University School of Medicine, Tokyo, Japan

Contributors



 



xxiii

Abbreviations

22q11DS 22q11 deletion syndrome

AAA Aortic arch anomalies

ACTC1 Cardiac alpha-actin

ACVR Activin A receptor

AD Arterial duct

ADAM19 ADAM metallopeptidase domain 19

ADAR Adenosine deaminase that acts on RNA

ADP Adenosine diphosphate

AGS Allagile syndrome

AICD Automatic internal cardiac defibrillator

ALCAPA Anomalous origin of the left coronary artery from the pul-

monary artery

AKT V-akt murine thymoma viral oncogene homolog

AngII Angiotensin II

ANP Atrial natriuretic peptide

ANK2 Ankyrin B

ANKRD1/CARP Ankyrin repeat domain 1, cardiac muscle

Ao Aorta

AP Action potential

ARVC Arrhythmogenic right ventricular cardiomyopathy

ASD Atrial septal defect

ATFB Atrial fibrillation

ATP Adenosin triphosphate

AV Atrioventricular

AVB Atrioventricular bundle

AVC Atrioventricular canal

AVN Atrioventricular node

AVSD Atrioventricular septal defect

BAF Brg1-associated factor

BAV Bicuspid aortic valve

BBS Bardet-Biedl syndrome

BET Bromodomain and extra terminal

BMP Bone morphogenetic protein



BNP Brain natriuretic peptide

BRAF v-Raf murine sarcoma viral oncogene homolog B

BRG1 SWI/SNF-related, matrix-associated, actin-dependent reg-

ulator of chromatin, subfamily a, member 4 (also known as 

brahma-related gene 1)

BRGDA Brugada syndrome

BWIS Baltimore Washington Infant Study

CAA Coronary artery anomalies

CACN Calcium channel, voltage-dependent, L type

CAD Coronary atherosclerotic disease

CaMK Calmodulin dependent kinase

cAMP Cyclic adenosine monophosphate

CALM Calmodulin

CASQ Calsequestrin

CAT Common arterial trunk

CBP CREB-binding protein

CC Cardiac crescent

CCDC Coiled-coil domain containing

CCS Cardiac conduction system

CCVA Congenital coronary vascular anomalies

CF Cephalic folds

CFC1 Cripto, FRL-1, Cryptic family 1 (CRYPTIC)

CGH Comparative genomic hybridization

CHARGE Coloboma of the eye, Heart defects, Atresia of the nasal 

choanae, Retarded growth and/or development, Genital 

and/or urinal abnormalities, and Ear anomalies

CHD Congenital heart disease

CHD7 Chromodomain helicase DNA binding protein 7

CHF Congestive heart failure

ChIP Chromatin immunoprecipitation

CITED2 Cbp/P300-interacting transactivator, with Glu/Asp-rich 

carboxy-terminal domain 2

CNCCs Cardiac neural crest cells

CNV Copy number variation

CoA Coarctation of the aorta

CPVT Catecholaminergic polymorphic ventricular tachycardia

CRE Cre recombinase

CRELD1 Cysteine-rich protein with EGF-like domains 1

CRISPR Clustered regularly interspaced short palindromic repeats

CTD Conotruncal defects

CTGF Connective tissue growth factor

CTVM Canine tricuspid valve malformation

CX Connexin

DCM Dilated cardiomyopathy

DGC Dystrophin-glycoprotein complex
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