
CARDIAC ENERGETICS: 
FROM Emax TO PRESSURE-VOLUME AREA 



DEVELOPMENTS IN CARDIOVASCULAR MEDICINE 

121. S. Sideman, R. Beyar and A. G. Kleber (eds.): Cardiac Electrophysiology, Circulation, 
and Transport. Proceedings of the 7th Henry Goldberg Workshop (Berne, Switzerland, 
1990). 1991. ISBN 0-7923-1145-0. 

122. D. M. Bers: Excitation-Contraction Coupling and Cardiac Contractile Force. 1991. 
ISBN 0-7923-1186-8. 

123. A.-M. Salmasi and A. N. Nicolaides (eds.): Occult Atherosclerotic Disease. Diagnosis, 
Assessmentand Management. 1991. ISBN 0-7923-1188-4. 

124. J. A. E. Spaan: Coronary Blood Flow. Mechanics, Distribution, and Control. 1991. 
ISBN 0-7923-1210-4. 

125. R. W. Stout (ed.): Diabetes and Atherosclerosis. 1991. ISBN 0-7923-1310-0. 
126. A. G. Herman (ed.): Antithrombotics. Pathophysiological Rationale for Pharmacological 

Interventions. 1991. ISBN 0-7923-1413-1. 
127. N. H. J. Pijls: Maximal Myocardial Perfusion as a Measure of the Functional 

Significance of Coronary Arteriogram. From a Pathoanatomic to a Pathophysiologic 
Interpretation of the Coronary Arteriogram. 1991. ISBN 0-7923-1430-J. 

128. J. H. C. ReiberandE. E. v. d. Wall (eds.): CardiovascularNuclearMedicineandMRI. 
Quantitation and Clinical Applications. 1992. ISBN 0-7923-1467-0. 

129. E. Andries, P. Brugada and R. Stroobrandt (eds.): How to Face "the Faces" of Cardiac 
Pacing. 1992. ISBN 0-7923-1528-6. 

130. M. Nagano, S. Mochizuki and N. S. Dhalla (eds.): Cardiovascular Disease in Diabetes. 
1992. ISBN 0-7923-1554-5. 

131. P. W. Serruys, B. H. Strauss and S. B. King III (eds.): Restenosis after Intervention 
with New Mechanical Devices. 1992. ISBN 0-7923-1555-3. 

132. P. J. Walter (ed.): Quality of Life after Open Heart Surgery. 1992. ISBN 0-7923-1580-
4. 

133. E. E. van der Wall, H. Sochor, A. Righetti and M. G. Niemeyer (eds.): What is new 
in Cardiac Imaging? SPECT, PET and MRI. 1992. ISBN 0-7923-1615-0. 

134. P. Hanrath, R. Uebis and W. Krebs (eds.); Cardiovascular Imaging by Ultrasound. 
1992. ISBN 0-7923-1755-6. 

135. F. H. Messerli (ed.): Cardiovascular Disease in the Elderly, 3rd ed. 1992. ISBN 
0-7923-1859-5. 

136. J. Hess and G. R. Sutherland (eds.); Congenital Heart Disease in Adolescents and 
Adults. 1992. ISBN 0-7923-1862-5. 

137. J. H. C. Reiber and P. W. Serruys (eds.): Advances in Quantitative Coronary 
Arteriography. 1993. ISBN 0-7923-1863-3. 

138. A.-M. Salmasi and A. S. Iskandrian (eds.): Cardiac Output and Regional Flow in Health 
and Disease. 1993. ISBN 0-7923-1911-7. 

139. J. H. Kingma, N. M. van Hemel and K. I. Lie (eds.): Atrial Fibrillation, a Treatable 
Disease? 1992. ISBN 0-7923-2008-5. 

140. B. Ostadal, N. S. Dhalla (eds.): Heart Function in Health and Disease. 1993. ISBN 
0-7923-2052-2. 

141. D. Noble and Y.E. Earm (eds.): Ionic Channels and Effect of Taurine on the Heart. 
Proceedings of an International Symposium (Seoul, Korea, 1992). 1993. ISBN 0-7923-
2199-5. 

142. H.M. Piper and c.J. Preusse (eds.): Ischemia-repetfusion in Cardiac Surgery. 1993. 
ISBN 0-7923-2241-X. 

143. J. Roelandt, E.J. Gussenhoven and N. Born (eds.): Intravascular Ultrasound. 1993. 
ISBN 0-7923-2301-7. 

144. M.E. Safar and M.F. O'Rourke (eds.): The Arterial System in Hypertension. 1993. 
ISBN 0-7923-2343-2. 

145. P. W. Serruys, D.P. Foley and P.J. de Feyter (eds.): Quantitative Coronary 
Angiography in Clinical Practice. 1993. ISBN 0-7923-2368-8. 

146. J. Candell-Riera and D. Ortega-Alcalde (eds.): Nuclear Cardiology in Everyday Practice. 
1993. ISBN 0-7923-2374-2. 

147. P. Cummins (ed.): Growth Factors and the Cardiovascular System. 1993. ISBN 7923-
2401-3. 

148. K. Przyklenk, R.A. Kloner and D.M. Yellon (eds.): Ischemic Preconditioning: The 
Concept of Endogenous Cardioprotection. 1993. ISBN 0-7923-2410-2. 



CARDIAC ENERGETICS: 
FROM Emax TO PRESSURE-VOLUME AREA 

edited by 

Martin M. LeWinter 
Cardiology Unit 

Department of Medicine 
University of Vermont 

Burlington, Vermont, USA 

Hiroyuki Suga 
Department of Physiology 

Okayama University Medical School 
Okayama, Japan 

Matthew W. Watkins 
Cardiology Unit 

Department of Medicine 
University of Vermont 

Burlington, Vermont, USA 

~. 

" Springer Science+Business Media, LLC 



Library of Congress Cataloging-in-Publication Data 

A C.I.P. Catalogue record for this book is available 
from the Library of Congress. 

ISBN 978-1-4613-5836-7 ISBN 978-1-4615-2021-4 (eBook) 
DOI 10.1007/978-1-4615-2021-4 

Copyright @ 1995 Springer Science+Business Media New York 
Originally published by Kluwer Academic Publishers, in 1995 
Softcover reprint ofthe hardcover Ist edition 1995 
Ali rights reserved. No part of this publication may be reproduced, stored in 
a retrieval system or transmitted in any form or by any means, mechanical, 
photo-copying, recording, or otherwise, without the prior written permission of 
the publisher, Springer Science+Business Media, LLC. 

Printed on acid1ree paper. 



Contents 

List of Contributors 

Preface: Martin M. LeWinter, MD, Hiroyuki Suga, MD, and 
Matthew Watkins, MD 

1. Energy Costs of PYA and Emax:Constancy and Variability 
Hiroyuki Suga, Miyako Takaki, Hiromi Matsubara, Yoichi Goto 

2. Kinetic Property of Cardiac Myosin In Vitro 
Seiryo Sugiura, Hiroshi Yamashita, Masataka Sata, Hideo Fujita, 
Shin-ichi Momomura, Takashi Serizawa, Haruo Sugi 

3. Thin Filament Regulation and Cardiac Energetics 
R. John Solaro 

4. Explaining Load-Dependent Ventricular Performance and 
Energetics Based on a Model of E-C Coupling 
Daniel Burkhoff, Matthew Schnellbacher, Richard A. Stennett, 
Donna Zwas, Kazuhide Ogino, James P. Morgan 

5. Cardiac Contractions, PV A and Energetic Considerations 
Determined from a Cardiac Muscle Crossbridge Model 
Tad W. Taylor, Yoichi Goto, Hiroyuki Suga 

6. Normalization of Emax and PV A 
Motoaki Sugawara, Yukiyoshi Kondoh, Kiyoharu Nakano 

7. Observations on the Relation of PV A and MV02 in Closed 
Chest Dogs 
Gregory L. Freeman, Sumanth D. Prabhu 

vii 

xi 

1 

17 

29 

41 

53 

65 

79 



VI 

8. Regional Myocardial Contraction Coupled with Energetics 91 
Yoichi Goto, Satoshi Yasuda, Toshiaki Shishido, Kengo Fukushima, 
Shogo Suzuki 

9. Energetics During Ventricular Fibrillation 103 
Hideo Kusuoka, Eduardo Marban 

10. Influence of Preload on Non-Mechanical V02 Assessed with 
2,3-Butanedione Monoxime 

11. 

12. 

13. 

14. 

15. 

16. 

Martin M. LeWinter, Akihiro Higashiyama, Hitoshi Yaku, 
Matthew Watkins 

Emax and Myocardial Microcirculation 
Fumihiko Kajiya, Toyotaka Yada, Tasuo Ogasawara, Shigeru 
Ohta, Osamu Hiramatsu, Masami Goto, Katsuhiko Tsujioka 

Efficiency of Ventricular-Arterial Coupling and Baroreflex 
Regulation of Blood Pressure 
Kenji Sunagawa, Masaru Sugimachi, Yasuhiro Ikeda, Osamu 
Kawaguchi, Toshiaki Shishido, Toru Kawada 

Ventriculo-Arterial Load Matching of Failing Hearts 
Hidetsugu Asanoi, Tomoki Kameyama, Shinju Ishizaka 

Calcium Signaling and Pharmacology of Cardiotonic Agents 
Masao Endoh 

Effect of Inotropic Agents on Mechanoenergetics in Human 
Diseased Heart 
Motoshi Takeuchi, Hideyuki Takaoka, Katsuya Hata, Masuki 
Mori, Hideyuki Yamakawa, Mitsuhiro Yokoyama 

Effects of Various Inotropic Agents on the Relation Between 
Ventriculoarterial Coupling and Myocardial Energetics in 
Patients with Idiopathic Dilated Cardiomyopathy 
Mitsuhiro Yokota, Hitoshi Ishihara, Toshikazu Sobue 

Index 

113 

129 

143 

157 

171 

201 

213 

229 



List of Contributors 

Hidetsugu Asanoi, MD, PhD 
Second Department of Medicine 
Pharmaceutical University 
Toyama, JAPAN 

Co-authors: Tomoki Kameyama 
and Shinji Ishizaka 

Daniel Burkboff, MD 
Assistant Professor of Medicine 
Division of Circulatory Physiology 
Columbia Presbyterian Hospital 
177 Fort Washington Avenue 
New York, NY 10032 

Co-authors: Matthew 
Schnellbaecher, Richard 
Stennett, Donna Zwas, Kazuhide 
Ogino and James Morgan 

Masao Endoh, MD 
Professor 
Department of Pharmacology 
Yamagata University 
School of Medicine, 2-2-2 
Iida-nishi, 990-23 
Yamagata, JAPAN 

Gregory Freeman, MD 
Professor of Medicine and 
Physiology 
Division of Cardiology 
Department of Medicine 
The University of Texas 
Health Science Center at 
San Antonio 
San Antonio, TX 78284-7872 

Co-author: Sumanth Prabhu 

Yoichi Goto, MD 
Division of Cardiology 
Department of Medicine 
National Cardiovascular Center, Suita 
Osaka, JAPAN 

Co-authors: Satoshi Yasuda, Toshiaki 
Shishido, Kengo Fukushima and Shogo 
Suzuki 

Fumihiko Kajiya, MD, PhD 
Professor, Department of Biomedical 
Engineering and Systems Cardiology 
Kawasaki Medical School 
Matsushima, Kurashiki 
701-01, JAPAN 

Co-authors: Fumihiko Kajiya, Toyotaka 
Yada, Yasuo Ogasawara, Shigeru Ohta, 
Osamu Hiramatsu, Masami Goto, and 
Katsuhiko Tsujioka 



VIll 

Hideo Kusuoka, MD, PhD 
Associate Professor 
Biomedical Research Center 
Osaka University Medical School 
Suita, Osaka 565 
JAPAN 

Co-author: Eduardo Marban 

Martin LeWinter, MD 
Professor of Medicine 
University of Vermont 
McClure 1 - MCHV 
Burlington, VT 05401 

Co-authors: Akihiro Higashiyama, 
Hitoshi Yaku and Matthew Watkins 

John Solaro, MD 
Professor and Chair 
Department of Physiology 
and Biophysics 
University of Illinois 
901 South Wolcott Avenue 
Chicago, IL 60612-7342 

Hiroyuki Suga, MD 
Professor and Chairman 
Department of Physiology II 
Okayama University Medical 
School 
2-5-1 Shikatacho, Okayama 700 
JAPAN 

Co-authors: Miyako Takaki, 
Hiromi Matsubara and Y oichi Goto 

Motoaki Sugawara, PhD 
Professor, Department of Cardiovascular 
Sciences 
The Heart Institute of Japan 
Tokyo Women's Medical College 
8-1 Kawada-cho, Shinjuku-ku 
Tokyo, 162 JAPAN 

Co-authors: Yukiyoshi Kondoh and 
Kiyoharu Nakano 

Seiryo Sugiura, MD 
The Second Department of 
Internal Medicine 
Tokyo University 
School of Medicine 
7-3-1 Hongo, Bunkyo-ku 
Tokyo 113, JAPAN 

Co-authors: Hiroshi Yamashita, 
Masataka Sata, Hideo Fujita, Shin-ichi 
Momomura, Takashi Serizawa, and 
Haruo Sugi 

Kenji Sunagawa, MD, PhD 
Director, Department of Cardiovascular 
Dynamics 
National Cardiovascular Center 
Research Institute 
5-7-1 Fujishiro-dai, Suita 
Osaka, J AP AN 

Co-authors: Masaru Sugimachi, 
Yasuhiro Ikeda, Osamu Kawaguchi, 
Toshiake Shishido and Toru Kawada 



Motishi Takeuchi, MD 
The First Department of 
Internal Medicine 
Kobe University School of 
Medicine 
7-5-2 Kusunoki-cho Chuo-ku 
Kobe, Hyogo, 650 
JAPAN 

Tad Taylor, MD, PhD 
Resident 
California Pacific Medical Center 
3700 California Street 
San Francisco, CA 94118 

Co-authors: Yoichi Goto and 
Hiroyuki Suga 

Mitsuhiro Yokota, MD 
Cardiovascular Disease 
Nagoya University Hospital 
65 Tsuramai-cho, Showa-ku 
Nagoya, JAPAN 

Co-authors: Hitoshi Ishihara and 
Toshikazu Sobue 

IX 



Preface 

The energetics of cardiac muscle and whole heart contraction have fascinated 
scientists and clinicians for many years. There are undoubtedly many reasons for 
this. Problems are seemingly tractable because muscle contraction has a more 
readily quantifiable, biophysical basis compared to many other areas in biology. 
Thus, researchers interested in cardiovascular modeling find this a challenging, yet 
fruitful area. Similarly, those interested in structure-function relationships have been 
intrigued by the links between the mechanical performance of molecular "motors" 
and energy consumption. Cardiac energetics is also an area in which it has been 
increasingly possible to relate discoveries at a very basic level to the performance of 
the whole, integrated organ. Finally, the clinical relevance of alterations in energy 
utilization in cardiac hypertrophy and failure, both as a "window" with which to 
understand basic mechanisms and as potential therapeutic targets, has been widely 
recognized. 

As a reflection of the increasing interest in and progress made in cardiac 
energetics, especially over the last 10-15 years, the Japan-USA Cardiac Energetics 
Workshop was held at Okayama University, Okayama, Japan, in February 1994. 
Much of the progress made during this period of time has been spurred by the 
pressure-volume area concept, the natural extension into energetics of earlier, 
pioneering work delineating the time varying elastance framework for ventricular 
contraction. The title of this volume reflects this linkage. The organizers of the 
Workshop attempted to bring together a spectrum of researchers, basic, applied and 
clinical, with a shared interest in the energetics of cardiac muscle and ventricle, in 
order to provide an overview of the current "state of the art". The Workshop was 
lively, informative and provocative. We hope that this volume, which includes 
chapters by virtually all of the participants, reflects the excitement of the Workshop 
and will be valuable to scientists and clinicians alike. The editors are indebted to the 
Workshop participants and their colleagues for making this volume possible. In 
addition, the support of the Suzuken Memorial Foundation, Nagoya, Japan, the 



xu 

Technopolis Foundation of Okayama Prefecture, Japan, and Merck, Inc., USA, are 
gratefully acknowledged. Finally, the secretarial assistance of Beverly Cooper and 
editorial guidance and patience of Melissa Welch of Kluwer Academic were 
absolutely essential in its preparation. 
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