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Sunao Tawara (1873-1952)

Tawara, the son of Sadao Nakajima, was born in Ooita Prefecture, Kyushu, Japan, in
1873. When he was three years old, he was adopted by his uncle, Shunto Tawara, who
was a distinguished physician. In 1901 Sunao Tawara graduated from the Faculty of
Medicine of the University of Tokyo, and in 1903 he went to Marburg, Germany, to work
under the direction of Ludwig Aschoff, one of the leading young pathologists in Europe.

In 1906 he published his monograph Das Reizleitungssystem des Saugetier-herzens:
Eine anatomische-histologische Studie iiber das Atrioventrikular-biindel und die Purkin-
jeschen Fiden, which presented the results that the bundle originated with a complicated
network of small muscle fiber that he called ‘Knoten des Verbindungsbiindels’, and he
moreover demonstrated how the bundle divided into twigs, covered by connective tissue
sheath, that finally connected directly with a network of Purkinje fiber. Before his
demonstration, it had been thought that the connecting bundle fused with myocardial
fiber of the septum and that the Purkinje fiber had no special role in the conduction
system. Tawara called the whole network of the bundle ‘Reizleitungssystem’.

In 1906 he returned to Japan, in 1908 he was appointed professor of pathology at the
Kyushu University where he continued until his retirement in 1933. In 1914 the Royal
Award was conferred on him by the Japanese Imperial Academy for his study of the
conduction system of the heart. He died in January 1952 in his seventy-eighth year at
Fukuoka, Kyushu.



Preface

As a result of close collaboration between people from different disciplines, including
basic scientists, clinicians and medical engineers, cardiac pacing has rapidly evolved into
an important field of medicine. In order to summarize various new developments observed
in the 3-year period after the Fourth Symposium held in Groningen, The Netherlands,
and to exchange the latest information needed for continued progress, the Fifth Inter-
national Symposium on Cardiac Pacing convened in Tokyo from March 14 to 18, 1976,
under the joint sponsorship of the Japanese Circulation Society, Japan Society of Medical
Electronics and Biological Engineering and Japan Heart Foundation.

The ever-increasing interest in the art and science of cardiac pacing was clearly reflected
in the number of submitted abstracts (261), and in a record total of 1,387 participants
representing 42 countries. The scientific sessions were subdivided into the following
major topics: (1) Cardiac Electrophysiology, (2) Natural History of AV Block, (3) Adams-
Stokes Attacks and Sudden Cardiac Death, (4) Hemodynamics of Pacing, (5) Pacing as
a Diagnostic Tool, (6) Treatment of Arrhythmias with Temporary Pacing, (7) Treatment
of Arrhythmias with Permanent Pacing, (8) Long Term Follow-up of Implanted Pace-
makers, (9) Pacemaker Malfunctioning and Side Effects of Pacing, (10) Pacemaker
Engineering and Testing of Pacemaker Function, (11) Energy Sources, and (12) Elec-
trodes. Each of these twelve sessions was opened with a keynote address to introduce the
subject, and a total of 103 free papers was presented.

The Symposium was highlighted by 3 Round Table Discussions, entitled: (1) World
Survey on Long Term Follow-up of Cardiac Pacing, (2) Is Pacing Really Prolonging Life
in Patients with High-grade AV Block?, and (3) An Ideal Pacemaker: Physiologic, Clinical
and Engineering Considerations. In addition, the Tawara Memorial Lecture given by
Dr. E. Kimura, President of the Symposium, honored the late Professor S. Tawara, who
was the first to describe the AV node (the node of Tawara) and to define accurately the
role of the intraventricular conducting system. This Proceedings volume contains all the
above lectures, papers and discussions, except for the 8 Fireside Conferences where
interesting electrophysiologic and clinical problems related to cardiac pacing were freely
discussed by invited speakers and small groups of enthusiastic participants. Thus, this
book is the most updated and comprehensive review of both the scientific basis and the
clinical applications of cardiac pacing as of 1976.

This book undoubtedly owes its superb scientific content to all the speakers and
discussants who actively participated in the Symposium. I would also like to express my
gratitude to Dr. Kimura, Dr. Hori, the Secretary General, and the members of the Orga-
nizing Committee, for their dedicated efforts to make this Symposium a great success. My
special thanks are also due to Dr. N. Conway, Department of Cardiology, Western Hospital,
Southampton, United Kingdom, for his excellent supervision of papers submitted from
non-English speaking countries.

Yoshio Watanabe
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Tawara memorial lecture

EIICHI KIMURA
Department of Internal Medicine, Nippon Medical School, Tokyo, Japan

On the occasion of the Fifth International Symposium on Cardiac Pacing held in Japan,
we cannot help remembering the fact that this is the country where Sunao Tawara, the
discoverer of the atrioventricular (AV) conduction system, was born and lived an active
life.

Tawara was born in 1873 in Kyushu, Japan, and graduated from the University of
Tokyo in 1901 at the age of 28. He was appointed Professor of Pathology at Kyushu
University in Fukuoka in 1908 and retired in 1933. He passed away in 1952 at the age of
78.

Three years ago, in 1973, we celebrated the centennial of his birth in Japan but,
regrettably, no appropriate opportunity was found for an international celebration de-
spite the hopes of cardiologists outside of Japan. As it was, however, in 1906 that his
book Das Reizleitungssystem des Siugetierherzens was published, it is perhaps as fittjng
that we should commemorate in this year, 1976, the 70th anniversary of the discovery of
Tawara’s node.

Tawara’s achievements in studies on the conduction system

Tawara himself described the details of his experience leading to the discovery of the
conduction system in the introduction of his book. According to this introduction and
also his talks with his successor, T. Imai, Professor of Pathology at Kyushu University, his
first research subject at the University of Marburg was ‘Why is a heart having valvular
disease so readily paralyzed?’ This subject was suggested by Aschoff.

Investigating this problem, Tawara examined more than 100 hearts in detail, but no
positive data were obtained. However, he thereby discovered the characteristic histo-
logical lesion in rheumatic fever, the ‘Aschoff body’. This study was reported by Aschoff
alone.

Meanwhile, Aschoff apparently suggested to Tawara the possible significance of the
AV conduction tract in the study on heart block. Shortly before this, in 1893, His had
described the AV bundle and Kent had described the bundle which now bears his name,
in 1892. :

However, when Tawara studied the His bundle in man, he failed to confirm the
finding of His, that this bundle, after passing through the AV border, connected to the
ordinary musculature of the ventricular septum.

Tawara then remembered the study of Purkinje in 1845 on a network of myocardial
fibres in sheep. Examining the sheep hearts, Tawara detected that the muscle fibers of the
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His bundle ran downwards, divided into right and left branches above the interventricular
septum, and finally connected to the Purkinje fibers. He confirmed the existence of such
a connection not only in sheep, but also in man, dog, cat and calf.

Before Tawara, the significance of the Purkinje network had not been clear, and
several concepts had been proposed by various authors. Some considered that this struc-
ture was not different from ordinary myocardium, while others regarded it as a patho-
logical change, but the most widely held opinion at the time was the belief that it was a
type of growing myocardial fiber. Such a misconception probably originated from the
findings that the nucleus of the Purkinje cell is usually large and frequently lobulated. As
Roberts stated recently (1959), such findings led earlier authors to attribute an embry-
onic role to the Purkinje cell. Tawara discovered, however, that the Purkinje network was
already formed in the fetal period, and remained unchanged throughout life, and by his
demonstration of the connection between the bundle of His and the Purkinje network
convincingly settled the true role of the latter as part of the conducting system. y
~ Tawara’s anatomical descriptions were highly detailed. For instance, Figure 1 shows a
sketch of the course of the left bundle branch in the human heart illustrated in Tawara’s
book. Comparing this with our present knowledge, the accuracy of his observation is
remarkable. ‘

Despite all this, opinions denying the presence of a specialized conduction system con-
tinued to be expressed for some time. Today, of course, studies such as those using
microelectrodes have demonstrated that the action potentials of the conduction system
are different from those of ordinary atrial and ventricular myocardium.

Another structure discovered by Tawara was the AV node. According to his descrip-
tion, the atrial termination of the AV system expanded into a node in front of the
coronary sinus and connected directly with the atrial musculature.

Summarizing his findings Tawara proposed the term ‘Reizleitungssystem’, or ‘excita-
tion conduction system’. It included the AV node, the His bundle, the bundle branches
and the Purkinje fibers. It should not be forgotten that the term AV conduction system,
which we use today, originated from Tawara.

The establishment of the AV conduction system by Tawara put an end to the prevail-
ing argument between the myogenic and neurogenic theories about control of the heart
beat, providing a proof for the correctness of the former.

Fig. 1. Left ventricle of human heart, sketched by S. Tawara. Reproduced from Das
Reizleitungssystem des Saugetierherzens.



