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Foreword of the 1st Edition 

As is indicated in its title, the book you are about to read is concerned with the 
congenitally 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 
ontogenetic 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 embryology might prove to be a hindrance, rather than a help, in under-
standing the congenitally 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 spectacular. 
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 extensive knowl-
edge 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 devel-
opment, 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
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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 topics 
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 
scientific 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.

vi Foreword of the 1st Edition



Foreword of the 2nd Edition

vii

It has been now 8 years since the publication of the first edition of “The Broken 
Heart”. In writing the foreword to the first edition, I cited the importance placed by 
Maude Abbott, certainly the first, if not the most influential, of dedicated pediatric 
cardiac morphologists, on an appreciation of normal cardiac development as the 
basis for understanding the anatomy of the congenitally malformed heart. It remains, 
of course, a firm grasp of the underlying anatomical substrate that underscores the 
correct diagnosis and treatment of the various phenotypes encountered when the 
heart is congenitally malformed. In continuing my foreword, I pointed to the time 
taken to achieve the necessary understanding of the elementary facts highlighted by 
Abbott. I then further emphasized how the contents of the first edition demonstrated 
the spectacular advances made in the fields of cardiac molecular genetics over the 
turn of the twenty-first century. Further improvements are now to be found in the 
revised chapters of this second edition. 

In the first edition of the book, the important chapter on normal cardiac develop-
ment had “necessarily been brief”. It has been markedly expanded in the second 
edition. In this regard, I should acknowledge my bias, since I am one of the 
co-authors of this chapter. Its importance, nonetheless, lies in the fact that it is 
based on a detailed analysis of temporal development of the human heart during 
the embryonic period. It matches a companion study of the same material now 
published in “Communications in Biology”, but accounts for the changes in system-
atic rather than longitudinal fashion. The two accounts are complementary. In my 
obviously biased opinions, I do believe that the chapter and its partner manuscript 
now provide all the material required to fulfill the expectations of Maude Abbott. 
Most importantly, it represents the necessary anatomical skeleton on which to 
assemble the extensive information provided in the central section of the book 
devoted to molecular and genetic advances. As the editors emphasize in their own 
preface, this central part has now also been expanded to include chapters on single-
cell transcriptomics, stem cells, organoids, and cardiac metabolism. These initial 
parts of the book then set the scene for understanding the “meat” of the practice of 
pediatric cardiology, namely the clinical features, the underlying genetic alterations, 
the related animal models, and the molecular pathways of the different lesions that 
together make up congenital heart disease. 

I have now been involved in the investigation of these various entities for more
than half a century. It is encouraging to note that, slowly but surely, the controversies
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that surrounded many of these lesions when I started in the field are being resolved. I 
commented on such controversies in my foreword to the first edition. I suggested that 
the topics remained as “moving targets”. Readers of this second edition will discover 
that, in the period between the editions, the targets have become much easier to hit. 
This reflects the ability, developed over the past decade, for clinicians to provide 
three-dimensional illustrations of the underlying anatomy by means of virtual 
dissection, or creation of models, of datasets obtained during life. These advances 
also receive appropriate emphasis in this second edition. The appearance of this 
second edition itself points to the success of the first edition, which provided in detail 
the scientific background to the specific lesions that continue to break the normal 
heart. As the pages of the second edition demonstrate, we continue to increase our 
understanding of the mechanics of normal as opposed to abnormal cardiac develop-
ment. 

London, UK Robert H. Anderson
July 2023



Preface

ix

In the fifteenth century, Leonardo Da Vinci made the first drawing of partial 
anomalous pulmonary venous connection, and 300 years later, Karl von Rokitansky 
described ventricular septal defects. Since then, the understanding of congenital 
heart diseases (CHDs) has rapidly evolved, encompassing clinical recognition, 
therapeutic opportunities, and the exploration of their developmental and genetic 
origins. 

The initial wave of progress focused on enhancing clinical diagnosis and therapy 
through anatomical, physiological, and surgical considerations. Consequently, the 
mortality rate for patients with CHD decreased to below 1 in 100,000 cases, giving 
rise to a new group of adult patients with corrected and palliated CHD. 

The subsequent wave of progress shifted attention toward the developmental, 
genetic, and molecular aspects of CHDs. Valuable insights were gained by studying 
animal models alongside humans, leading to the discovery of numerous genes, 
signaling pathways, and other molecular and hemodynamic factors. The develop-
mental perspective served as a crucial starting point for these investigations. 

After decades of basic research primarily utilizing animal models, the focus has 
shifted toward the human phenotype. Technological advancements have overcome 
previous limitations, enabling the study of complex biological questions and 
systems. Additionally, there is a growing recognition that improving human health 
is a central aim of life science research. This book consolidates clinical, genetic, and 
molecular knowledge into a single volume, with a particular emphasis on the 
observed human phenotype during development and in the disease state. Its intended 
audience encompasses both basic scientists and physicians. Furthermore, it aims to 
contribute to the current third wave of progression, where the basic science of 
cardiovascular development is translated into clinical diagnosis and therapy 
of CHDs. 

To achieve this goal, the book is structured into three main parts. The first part 
provides an introduction to the development of the heart and its vessels. The second 
part offers an overview of molecular pathways influencing the development of 
multiple cardiovascular structures. Lastly, the book adopts a textbook-like structure 
in the third part, focusing on different types of congenital heart diseases. Each 
chapter delves into their clinical features, underlying genetic alterations, related 
animal models, and pathways.



x Preface

In this second edition, published eight years after the first edition, every chapter 
has been thoroughly updated to reflect the rapid pace of discovery and technological 
innovation in the field of CHD research. New chapters have been included, covering 
topics such as single-cell transcriptomics—a revolutionary approach that offers 
unprecedented insights into cellular heterogeneity and differentiation pathways. 
Stem cell and organoid approaches to study CHD are also discussed, as they 
accelerate mechanistic understanding and hold therapeutic potential. Additionally, 
cardiac metabolism has emerged as a highly dynamic driver of cardiac development 
and is explored in a dedicated chapter. Furthermore, the book presents the 
3D-reconstruction of human heart development, showcasing both its beauty and 
complexity. Finally, the clinical chapters have been expanded significantly, 
incorporating additional pathological details and new illustrations. Each clinical 
chapter now features a section highlighting the diagnostic imaging approaches best 
suited for analyzing specific forms of CHD. 

We extend our deepest gratitude to all the contributors to this volume, whose 
expertise and state-of-the-art accounts have enriched this book. 

April 2024 

Berlin, Germany Silke Rickert-Sperling 
Marseille, France Robert G. Kelly 
Rochester, MN, USA David J. Driscoll 
Munich, Germany Nikolaus Haas
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