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Over the past fifty years, advanced techniques and strategies have arisen in the field 
of myocardial protection. Meticulous trials, focusing on pulmonary protection during 
heart surgery requiring cardiopulmonary bypass (CPB), have been missing. This text-
book is intended to serve as a useful tool to spread information on strategies for lung 
protection during heart surgery with CPB.

Emphasis on pulmonary protection will be turned to lung perfusion as an adjunct 
for minimizing the deleterious effects of pulmonary ischemia-reperfusion injury in 
heart surgery. Many renowned authors have contributed by presenting their experi-
ence on lung perfusion in basic research and clinical trials. Furthermore, they have 
enlightened the quality of this textbook with new ideas, concepts, and future 
perspectives.

The scope of this textbook is of interest to different professionals, such as cardio-
vascular surgeons, pulmonary surgeons, transplantation physicians, cardiothoracic 
anesthesiologists, intensive care physicians, cardiothoracic fellows, radiologists, 
basic sciences physicians, cardiologists, pulmonary medicine physicians, perfusion-
ists, nurses, students, and researchers.

This textbook has 7 sections, aimed at addressing general and specific aspects of 
pulmonary protection during heart surgery with CPB. The first section on general 
concepts provides information about anatomic, physiologic, histologic, molecular, 
and radiologic considerations regarding the lungs.

The second section focuses on ischemia-reperfusion injury and is composed of 
several interesting chapters, addressing the basic science aspects of pulmonary pro-
tection, as well as experimental and clinical experiences from different heart surgery 
centers worldwide.

It would be unconceivable to comment on pulmonary protection without address-
ing regarding pulmonary hypertension. We dedicated the third section to describe 
pathologic mechanisms of pulmonary hypertension, types of pulmonary hyperten-
sion, surgical management of chronic thromboembolic pulmonary hypertension, 
Eisenmenger’s syndrome, and disseminated intravascular coagulation. The final part 
of this section addresses new trends and perspectives for managing pulmonary 
hypertension.

The following three sections address underlying topics on lung protection, and the 
fourth section focuses on relationship between CPB and pulmonary injury. In this 
section, there is special interest emphasis on hemodynamic, gasometric, and inflam-
matory impact of CPB on pulmonary function. Furthermore, strategies such as isch-
emic preconditioning, hemofiltration, and ultrafiltration are covered in detail.

Preface



viii Preface

The main purpose of this textbook is to highlight the use of controlled lung perfu-
sion during heart surgery with CPB, and this topic is covered in the fifth section. 
Techniques and principles of controlled lung perfusion are analyzed, based on recent 
research devised by Gabriel at al.1 This section provides original discussions on 
extracorporeal circuit pathways for lung perfusion, how to determine lung perfusion 
pressure, lung perfusion using arterial and venous blood, and impact of controlled 
lung perfusion from hemodynamic, gasometric, inflammatory, and radiologic stand-
point of view during heart surgery with CPB.

There are many controversial issues related to lung perfusion during heart surgery 
with CPB, that require new investigation. What is the best strategy: perfusing lungs 
continuously or intermittently during CPB? Are there indications for lung perfusion 
using arterial and venous blood? Can brian natriuretic peptide be used as a marker for 
hemodynamic performance of lung perfusion during CPB? How can we correlate 
lung perfusion with ECMO? These issues are partially answered in chapter six. This 
section also gives you an overall view on principles of pulmonary protection during 
heart surgery with CPB.

Finally, the seventh and last section covers experiences from heart surgery centers 
on lung perfusion in clinical heart-lung surgery.

We wish to thank all contributors who spent the time and effort to provide infor-
mation an lung protection during heart surgery with CPB, by writing excellent 
chapters.

We disclose our gratitude to the publisher, Springer, for giving us this opportunity 
to writ this book.

Reference

1.  Gabriel EA, Locali RF, Matsuoka PK, et al. Lung perfusion during cardiac surgery with cardio-
pulmonary bypass: is it necessary? Interact Cardiovasc Thorac Surg. 2008;7:1089-1095.



 ix

Enio Buffolo, MD, PhD, for his mentorship and support during my training career •	
as cardiac surgeon.
Nipro Brasil for providing resources and supplies for my experimental research.•	
Springer for diligent attention and assistance turned to myself and for bestowing •	
countless efforts on this book.

Edmo Atique Gabriel

Acknowledgments



 xi

Section I General Concepts

 1 Anatomy of the Lungs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3
Colleen Gaughan and Anthony L. Panos

 2 Respiratory Physiology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9
Jesús Armando Sánchez Godoy

 3 Histological Features of Lungs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
Vera Luiza Capelozzi and Edwin Roger Parra

 4 Cellular and Molecular Aspects of Lung Function,  
its Control and Regulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33
Jesús Armando Sánchez Godoy and Alain Riveros Rivera

 5 Imaging Evaluation of the Thorax . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45
Gilberto Szarf and Henrique M. Lederman

Section II Ischemia-Reperfusion Injury

 6 Endothelial Protection During Heart Surgery  
and Lung Transplantation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55
Qin Yang and Guo-Wei He

 7 Vascular Endothelial Growth Factor and Pulmonary Injury. . . . . . .  67
Vineet Bhandari

 8 Aprotinin Decreases Lung Reperfusion Injury  
and Dysfunction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75
Hartmuth B. Bittner, Peter S. Dahlberg,  
Cynthia S. Herrington, and Friedrich W. Mohr

 9 Effects of Prostaglandin E1 and Nitroglycerin  
on Lung Preservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81
Stefano Salizzoni, Yoshiko Toyoda, and Yoshiya Toyoda

10 Endothelin and Ischemia-Reperfusion Injury . . . . . . . . . . . . . . . . . . .  91
Matthias Gorenflo

Contents



xii Contents

11 l-Arginine and Ischemia-Reperfusion Injury . . . . . . . . . . . . . . . . . . .  97
Yanmin Yang and Jiming Cai

12 The Role of Nitric Oxide in Pulmonary  
Ischemia-Reperfusion Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107
Peter Donndorf, Alexander Kaminski, and Gustav Steinhoff

13 Activity of Glutathione-Related Enzymes  
in Ischemia and Reperfusion Injury . . . . . . . . . . . . . . . . . . . . . . . . . . .  113
Emmanuele Tafuri, Andrea Mezzetti, Antonio Maria Calafiore,  
and Francesco Cipollone

14 Heart Histopathology in Ischemia-Reperfusion Injury. . . . . . . . . . . .  121
Paulo Sampaio Gutierrez and Márcia Marcelino de Souza Ishigai

15 Beating Heart Surgery and Pulmonary Ischemia  
and Reperfusion Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129
Tomas A. Salerno, Francisco Igor B. Macedo,  
Maria R. Suarez, and Marco Ricci

Section III Pulmonary Hypertension

16 Mechanisms of Pulmonary Edema . . . . . . . . . . . . . . . . . . . . . . . . . . . .  137
Si Pham and Eddie Manning

17 Idiopathic Pulmonary Hypertension: New Challenges . . . . . . . . . . . .  147
Tomas Pulido and Julio Sandoval

18 Chronic Thromboembolic Pulmonary Hypertension  
and Pulmonary Endarterectomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159
Michael M. Madani and Stuart W. Jamieson

19 Eisenmenger Syndrome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  171
Ruchi Gupta, Shirah Shore, Maria M. Rodriguez,  
and Marco Ricci

20 Disseminated Intravascular Coagulation in Cardiac Surgery . . . . . .  179
Leticia Sandre Vendrame, Helio Penna Guimaraes,  
and Renato Delascio Lopes

21 Pulmonary Arterial Hypertension. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  195
Julie John and Harold Palevsky

Section IV Cardiopulmonary Bypass and Pulmonary Injury

22 The Extracorporeal Circulation Circuit  
Versus Bioengineering Biomaterials . . . . . . . . . . . . . . . . . . . . . . . . . . .  215
José Francisco Biscegli, Fábio Nunes Dias,  
Cynara Viterbo Montoya, Sergio Luiz Nogaroto,  
and Edmo Atique Gabriel



Contents xiii

23 Ischemic Preconditioning and Lung Preservation . . . . . . . . . . . . . . . .  235
David J. Chambers, Hazem B. Fallouh and Nouhad A. Kassem

24 Impact of Cardiopulmonary Bypass on  
Pulmonary Hemodynamic Variables . . . . . . . . . . . . . . . . . . . . . . . . . .  235
Edmo Atique Gabriel and Tomas Salerno

25 Impact of Cardiopulmonary Bypass on  
Gas Exchange Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  239
Edmo Atique Gabriel and Tomas Salerno

26 Pulmonary Energy Metabolism and  
Multiple Inflammatory Repercussions . . . . . . . . . . . . . . . . . . . . . . . . .  245
Edmo Atique Gabriel and Tomas Salerno

27 Benefits of Ultrafiltration for Pulmonary Function . . . . . . . . . . . . . . .  251
Wei Wang and Huimin Huang

28 Principles of Pulmonary Protection During Heart Surgery . . . . . . . .  263
Mitsugi Nagashima and Toshiharu Shin’oka

Section V Lung Perfusion – Technique and Principles

29 Determining Hemodynamic Parameters . . . . . . . . . . . . . . . . . . . . . . .  271
Edmo Atique Gabriel and Tomas Salerno

30 Extracorporeal Circuit Pathways for Lung Perfusion . . . . . . . . . . . .  279
Edmo Atique Gabriel and Tomas Salerno

31 Hemodynamic Performance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  287
Edmo Atique Gabriel and Tomas Salerno

32 Quality of Gas Exchange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  297
Edmo Atique Gabriel and Tomas Salerno

33 Inflammatory Cell Markers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  307
Edmo Atique Gabriel and Tomas Salerno

34 Cytokines and Cellular Adhesion Molecules . . . . . . . . . . . . . . . . . . . .  323
Edmo Atique Gabriel and Tomas Salerno

35 Macroscopical and Microscopical Findings . . . . . . . . . . . . . . . . . . . . .  333
Edmo Atique Gabriel and Tomas Salerno

Section VI Lung Perfusion: Issues and Controversies

36 Continuous or Intermittent Lung Perfusion  
with Arterial or Venous Blood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349
Edmo Atique Gabriel and Tomas Salerno



xiv Contents

37 Lung Perfusion and Mechanical Ventilation . . . . . . . . . . . . . . . . . . . .  351
Edmo Atique Gabriel and Tomas Salerno

38 Pulmonary Hemodynamic Profile and Natriuretic Peptides . . . . . . .  359
Edmo Atique Gabriel and Tomas Salerno

39 Low-Frequency Mechanical Ventilation  
During Cardiopulmonary Bypass . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  367
Hajime Imura, Raimondo Ascione, and Gianni D Angelini

40 Inhaled Carbon Monoxide as an Experimental  
Therapeutic Strategy of Lung Protection  
During Cardiopulmonary Bypass . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  377
Torsten Loop, Ulrich Goebel, Friedhelm Beyersdorf,  
and Christian Schlensak

Section VII Lung Perfusion in Clinical Heart-Lung Surgery

41 Lung Perfusion and Coronary Artery Bypass Grafting . . . . . . . . . . .  385
Parwis Massoudy and Heinz Jakob

42 Lung Perfusion in Clinical Mitral Valve Surgery . . . . . . . . . . . . . . . .  393
Edmo Atique Gabriel and Tomas Salerno

43 Lung Perfusion in Clinical Aortic Surgery. . . . . . . . . . . . . . . . . . . . . .  397
Luca Salvatore De Santo

44 Lung Perfusion in Clinical Heart–Lung Surgery:  
Congenital Heart Disease Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . .  407
Takaaki Suzuki

45 Retrograde Pulmonary Perfusion  
for Pulmonary Thromboembolism . . . . . . . . . . . . . . . . . . . . . . . . . . . .  413
Salvatore Spagnolo, Maria Antonia Grasso,  
Paata Kalandadze, and Ugo Filippo Tesler

46 Lung Perfusion in Clinical Heart–Lung Transplantation. . . . . . . . . .  417
Bernhard Gohrbandt and Axel Haverich

Section VIII Final Considerations

47 Principles of Pulmonary Protection During Heart Surgery . . . . . . . .  431
Chi-Huei Chiang and Fang-Yue Lin

48 Lung Perfusion: Reflections and Perspectives . . . . . . . . . . . . . . . . . . .  441
Edmo Atique Gabriel and Tomas Salerno

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  443



 xv

Gianni D. Angelini, MD, FRCS  
Bristol Heart Institute, Bristol University, Bristol, UK

Maria Antonia Grasso, MD  
Department of Anesthesia, Policlinico di Monza, Monza, Italy

Jesús Armando Sánchez Godoy, MD, MSc  
Pontificia Universidad Javeriana, Universidad Militar “Nueva Granada”, 
Bogotá D.C., Colombia

Vincenzo Arone, MD  
Department of Cardiac Surgery, Policlinico di Monza, Monza, Italy

Raimondo Ascione, MD, FRCS  
Bristol Heart Institute, Bristol University, Bristol, UK

Edmo Atique Gabriel, MD, PhD  
Federal University of Sao Paulo, Sao Paulo, Brazil

Luciano Barbato, MD  
Department of Cardiac Surgery, Policlinico di Monza, Monza, Italy

Friedhelm Beyersdorf, MD  
Department of Cardiovascular Surgery, University Medical Center,  
Freiburg, Germany

Vineet Bhandari, MD, DM  
Yale University School of Medicine, New Haven, CT, USA

Hartmuth B. Bittner, MD, PhD  
Division of Cardiovascular Surgery and Thoracic Transplantation,  
Heart Center of the University of Leipzig, Leipzig, Germany

Jiming Cai, MD, MSc  
Department of Cardiovascular and Thoracic Surgery, Shanghai Children’s  
Medical Center, School of Medicine, Shanghai Jiaotong University  
Shanghai, Shanghai, China

Vera Luiza Capelozzi  
Department of Pathology, University of Sao Paulo School of Medicine,  
Sao Paulo, Brazil

Contributors



xvi Contributors

David Chambers, PhD  
Cardiac Surgical Research, The Rayne Institute (King’s College London),  
Guy’s and St Thomas’ NHS Foundation Trust, St Thomas’ Hospital, London, UK

Chi-Huei Chiang, MD, FCCP  
Pulmonary Division of Immunology and Infectious Diseases, Chest Department, 
Taipei Veterans General Hospital, Taipei, Taiwan

Francesco Cipollone, MD  
Abruzzo section, Italian Society for the Study of Atherosclerosis, Chieti, Italy

Peter S. Dahlberg, MD, PhD  
Cardiothoracic Associates, Minneapolis Minnesota, USA

Renato Delascio Lopes, MD, PhD, MHS  
Division of Cardiovascular Medicine, Duke University Medical Center, Duke 
Clinical Research Institute, Durham, NC, USA

Peter Donndorf, MD  
Department of Cardiac Surgery, University of Rostock, Rostock, Germany

Hazem B. Fallouh, MD, MRCS  
Cardiac Surgical Research/Cardiothoracic Surgery, The Rayne Institute (King’s 
College London), Guy’s and St Thomas’ NHS Foundation Trust, St Thomas’ 
Hospital, London, UK

Ugo Filippo Tesler, MD  
Department of Cardiac Surgery, Policlinico di Monza, Monza, Italy

José Francisco Biscegli  
Dante Pazzanese Institute of Cardiology, Sao Paulo, Brazil

Colleen Gaughan, MD  
Division of Cardiothoracic Surgery, Miller School of Medicine,  
University of Miami, Jackson Memorial Hospital, Miami FL, USA

Bernhard Gohrbandt, MD  
Division of Thoracic and Cardiovascular Surgery, Hannover Medical School, 
Hannover, Germany

Matthias Gorenflo, MD, PhD  
Department of Paediatric Cardiology, UZ Leuven Campus Gasthuisberg,  
Katholieke Universiteit Leuven, Leuven, Belgie

Ulrich Goebel, MD  
Department of Cardiovascular Surgery, University Medical Center,  
Freiburg, Germany

Ruchi Gupta, MD  
Department of Pediatrics, University of Miami, Miami FL, USA

Paulo Gutierrez, MD, PhD  
Laboratory of Pathology – Heart Institute, Hospital das Clinicas,  
School of Medicine, University of São Paulo, São Paulo, Brazil



Contributors xvii

Axel Haverich, MD, PhD  
Department of Cardiothoracic, Transplantation, and Vascular Surgery,  
Hannover Medical School, Hannover, Germany

Guo-Wei He, MD, PhD, DSc  
Department of Surgery, The Chinese University of Hong Kong, Hong Kong,  
China Albert Starr Academic Center, Providence Heart and Vascular Institute, 
Portland OR, USA 
Department of Surgery, Oregon Health and Science University, Portland, OR,  
USA TEDA International Cardiovascular Hospital, Medical College,  
Nankai University, Tianjin, China

Huimin Huang, MD, PhD  
Department of Pediatric Thoracic and Cardiovascular Surgery, Shanghai Jiaotong 
University, School of Medicine, Shanghai Children’s Medical Center, Shanghai, 
China

Cynthia S. Herrington, MD  
Pediatric Cardiac Surgery and Transplantation, Childrens Hospital Los Angeles, 
California, USA

Hajime Imura, MD  
Department of Surgery, Division of Cardiovascular Surgery,  
Nippon Medical School, Tokyo, Japan

Márcia Marcelino de Souza Ishigai, MD, PhD  
Department of Pathology, Federal University of Sao Paulo, Sao Paulo, Brazil

Heinz Jakob, MD  
Department of Thoracic and Cardiovascular Surgery, West German Heart Center, 
Essen, Germany

Stuart W. Jamieson,  MB, FRCS  
Division of Cardiothoracic Surgery, University of California, San Diego Medical 
Center, San Diego CA, USA

Julie John, MD  
Department of Medicine, Pennsylvania Hospital, Philadelphia PA, USA

Paata Kalandadze, MD  
Department of Cardiac Surgery, Policlinico di Monza, Monza, Italy

Alexander Kaminski, MD  
Department of Cardiac Surgery, Medical Faculty, University of Rostock,  
Rostock, Germany

Nouhad Kassem, PhD  
Cardiac Surgical Research/Cardiothoracic Surgery, The Rayne Institute  
(King’s College London), Guy’s and St Thomas’ NHS Foundation Trust,  
St Thomas’ Hospital, London, UK

Henrique M. Lederman, MD, PhD  
Department of Radiology, Federal University of Sao Paulo, Sao Paulo,  
Brazil Fleury Diagnostic Center, Sao Paulo, Brazil



xviii Contributors

Fang-Yue Lin, MD, PhD  
Cardiovascular Surgery, Taipei Veterans General Hospital, Taipei, Taiwan

Torsten Loop, MD  
Department of Cardiovascular Surgery, University Medical Center,  
Freiburg, Germany

Sergio Luiz Nogaroto  
Nipro Medical Ltda, Sorocaba Sao Paulo, Brazil

Francisco Igor B. Macedo, MD  
University of Pernambuco, School of Medicine, Brazil

Michael M. Madani, MD, FACS   
Division of Cardiothoracic Surgery, University of California, San Diego Medical 
Center San Diego CA, USA

Eddie Manning, MD  
University of Miami, Jackson Memorial Hospital, Miami FL, USA

Antonio Maria Calafiore, MD  
Prince Sultan Cardiac Center, Riyadh, Kingdom of Saudi Arabia

Parwis Massoudy, MD  
Department of Thoracic and Cardiovascular Surgery, West German Heart Center, 
Essen, Germany

Andrea Mezzetti, MD  
Abruzzo section, Italian Society for the Study of Atherosclerosis, Chieti, Italy

Friedrich W. Mohr, MD, PhD  
Division of Cardiovascular Surgery and Thoracic Transplantation, Heart Center of 
the University of Leipzig, Leipzig, Germany

Mitsugi Nagashima, MD  
Department of Surgery, Division of Cardiothoracic Surgery and Regenerative 
Surgery, Ehime University School of Medicine, Stroke and Cardiovascular Center, 
Shitsukawa, Toon city, Ehime prefecture, Japan

Fábio Nunes Dias  
Nipro Medical Ltda, Sorocaba Sao Paulo, Brazil

Harold Palevsky, MD  
Department of Medicine, Pennsylvania Hospital, Philadelphia PA, USA  
University of Pennsylvania School of Medicine, Philadelphia PA, USA  
Penn Presbyterian Medical Center, Philadelphia PA, USA

Anthony L. Panos, MD  
Division of Cardiothoracic Surgery, Miller School of Medicine,  
University of Miami, Jackson Memorial Hospital, Miami FL, USA

Helio Penna Guimaraes, MD  
Intensive Care Unit,  
Federal University of Sao Paulo, Sao Paulo, Brazil


	Front Matter
	Copyright page
	Dedication
	Preface
	Acknowledgments
	Contents
	Contributors


