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Foreword to the second print

Following the success of the First International Symposium on the History of Modern
Anaesthesia (1st ISHA), Rotterdam, May 1982, an international editorial board pre-
pared majority of papers for print. Additional editing was performed by the Springer-
Verlag staff. In 1985, two thousand volumes of the book Anaesthesia - Essays on Its
History - were printed. Within two years the book was out of print and has become a
much sought collector’s item. The book became a popular source of scientific refe-
rences.

The 1st ISHA was followed, at five-year intervals by memorable meetings in
London, Atlanta and Hamburg. Interest in these meetings has increased so much that
the 2001-Santiago de Compostela ISHA will be the first at a four-year interval. Each
ISHA meeting was followed by printed proceedings. In parallel to the ISHA meetings
historians of anaesthesia organized and present their papers at regular society meet-
ings.

The ever-increasing wave of interest in the history of anaesthesia left many poten-
tial buyers of the "Essays-1985" empty-handed. The Department of Anaesthesia at the
Erasmus University of Rotterdam responded to the demand for this book, the first of
its kind, by sponsoring the second print. We are very appreciative to the Springer-
Verlag Publishers for the expedient production of the second print.

Rotterdam, January 1998 Joseph Rupreht
Wilhelm Erdmann



Foreword to the first print

The zealousness displayed by the participants of the First International Symposium on
the History of Modern Anaesthesia was most revealing. Over 120 papers were read
and there were about 200 participants. Prof. Wilhelm Erdmann, Head and Chairman
of the Department of Anaesthesiology at the Medical Faculty of the Erasmus Uni-
versity of Rotterdam, and the enthusiastic and hard-working Secretary of the Sym-
posium, Dr. JoZe Rupreht (Ljubljana-trained, in the Viennese medical tradition),
merit the credit for the enduring success of this undertaking. As a Liberal Arts major,
I especially enjoyed meeting many of the pioneers because of their emphasis on
humanism.

Among the illustrious participants was Sir Robert Macintosh, who inspired Dr.
Barbara Duncum to write an outstanding book on the history of anaesthesia. It is also
of interest to note that Sir Robert was knighted for his accomplishments on anaes-
thesia — as was Sir Geoffrey Organe, later. Sir Robert established the Chair of
Anaesthesia in Oxford, the first fully endowed chair of anaesthetics in the world.
The accomplishments of women in anaesthesia must also be acknowledged. I am
thinking especially of Prof. D.M.E. Vermeulen-Cranch of the University of Amster-
dam, who gave her farewelloration, entitled “Process of Emancipation”, in Sep-
tember 1983. She was the first professor of anaesthesiology in continental Europe,
where the spirit of Erasmus of Rotterdam - a great humanist of the Renaissance - still
prevails. Influenced by the same spirit, another participant in the Symposium, Prof.
Selma Calmes, of the Department of Anaesthesiology at the University of California,
Los Angeles, is working on a book showing the accomplishments of women anaes-
thesiologists, which should be most enlightening. After all, as mentioned in my book
The History of Surgical Anesthesia, [1,p.3]... the first anesthesiologist probably was
a woman, for the head of the primitive family was the Great Mother ... she was
priestess and sorceress, and consequently was the founder of the healing art. When a
primitive sick man could not relieve his pain he called on the priestess . ..

Although one could go into much more detail about the many illustrious partici-
pants and their accomplishments, this is hardly necessary, as a reading of these
excellent papers will attest. There are some omissions, of course, and it is regretted
that the great achievements of Dr. John Snow, the first medically qualified anaes-

1 This small volume was frequently reprinted, and even the latest reprint edition (Robert Krieger,
1978) is again out of print. It is time for the newer generation to take over this exciting field. And
many new books are in the making, such as those authored by Rod Calverly and William Beattie.



Foreword VII

thesiologist, were not included. Perhaps the next symposium will have a paper on his
many contributions. Even though his dates are not quite modern (1813-1858), his
accomplishments were, especially his book On Chloroform and Other Anaesthetics
(1858), the first comprehensive textbook on anaesthesia [2].

There has been a real renaissance of interest in the history of anaesthesia. Among
those responsible for this rebirth, besides Dr. Rupreht and Dr. Erdmann, are Dr.
Selma Calmes and Dr. Rod Calverley, now on the Board of the new American
society, the Anesthesia History Association. It held its inaugural meeting in Atlanta,
Georgia, during the annual meeting of the American Society of Anesthesiologists, on
9 October 1983. The meeting was well attended, and the evening was profitable and
delightful.

Mention should also be made of the accomplishments of the nurse anaesthetists [3].
They are many in number, and generally they work under the direction of a physician-
anaesthesiologist.

Although modern anaesthesia was America’s first great medical discovery, it soon
traversed the globe and found worldwide acceptance.

The British, for example, have made many coeval and historic contributions.
Besides Dr. Duncum one thinks of Prof. T. Cecil Gray, who pioneered the British use
of curare [4], and Dr. J. Alfred Lee, who was a pioneer in the use of spinal anaesthesia
and is currently working on the fifth edition of a textbook on spinal analgesia [7]. Dr.
Lee’s latest (9th) edition of A Synopsis of Anaesthesia (1982), which he edited with his
colleagues R.S. Atkinson and G.B. Rushman, is provocative in outlining the many
duties of the modern anaesthesiologists [5]. It would appear that to practice adequ-
ately the anaesthesiologist needs a background in history, physiology, cardiology,
biochemistry, physics and other learned disciplines relating to all branches of
medicine. Space does not permit me to give details of the accomplishments of many
other nationals, but a reading of the papers in this volume should be of benefit. These
papers, besides outlining the important accomplishments of the pioneers — many of
whom addressed the Symposium - attest to the past, present and future of this all-
embracing interdisciplinary specialty.

Sir William Osler (1849-1919), whose collection of books and documents on
anaesthesia are now housed in the Osler Library at McGill University, Montreal, will
always be vividly remembered for his profound statements, his eponyms, his idealism
and his interest in books and people. His philosophy is well defined in his last and
finest lecture “The Old Humanities and the New Science” [6], delivered in 1919 when
Sir William served as President of the Classical Association, an organization of British
scholars which was established in 1904 with this object: “To promote the development
and maintain the well-being of classical studies and among other things to encourage
investigation and call attention to new discoveries.” Harvey Cushing mentioned in the
Introduction:

In preparation for his lecture he arranged an exhibit illustrating the important part Oxford had once
played in science and natural philosophy in days antedating the Royal Society ... He exhibited from

his own collection ... those volumes which constituted ... the outstanding classics in Science and
Medicine .... He regarded these books as instruments for the advancement of knowledge ...

Osler concluded the paper with a statement: “To have lived right through an epoch,
matched only by two in the story of the race, to have shared in its long struggle, to have
witnessed its final victory ... to have done this is a wonderful privilege.”



VIII Foreword

In many ways Osler’s endeavours are a parallel of the Rotterdam Symposium,
which brought together scholars from the world of anaesthesiology. Osler would have
rejoiced in this rebirth of the humanities and their influence on the current practice of
anaesthesiology. Moreover, at the Rotterdam Symposium the idea was brought
forward by many that a monument entitled “The Conquest of Pain by Anaesthesia”
should be constructed to give singular testimony to the great achievement of the
human race in our era. We all may hope that this project will soon be realized and will
also serve as a permanent reminder of the first international meeting on anaesthesia
history. However, these historical essays on anaesthesia may themselves have an
impact on the future of anaesthesiology. Let us enjoy the fruits of past accomplish-
ments in this now learned profession and look ahead to 1987 when we shall again
assemble.

Thomas E. Keys
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Preface

We have not attempted to make each contribution a strictly uniform presentation.
Each paper is written in an individual style which reflects the author’s feelings and
ideas, and we have decided to make only the most necessary minor editorial altera-
tions. The contents and messages of this volume, its philosophy and love of medicine
will thus not be an editorial treatise on significant events of the past in anaesthesiol-
ogy. In their own words, expressing their own thoughts, the writers describe some of
the significant events of the past, or the period they themselves have lived through,
and some of the lessons which are to be learnt from a study of the history of
anaesthesia.

‘The consideration of bringing important historical data to the modern reader has
played a secondary role in moulding the many contributions into a book. Primarily,
we wished to convey the outstanding achievements of the past: the concern to ease
suffering and the modesty of some of the notable workers who have influenced, taught
and guided us. However, there remains much to be clarified about the developments
in anaesthesia and especially about the process in which the profession of anaes-
thesiologists came into being. Much information is given on the question how; the
question why the process has developed as recorded by the contributors to this section
is left to the future historians, who will pay attention to the fascinating story of
anaesthesiology.

The recent Meeting of the First International Symposium on the History of Modern
Anaesthesia, held in Rotterdam in the spring of 1982, was a memorable success and
well served its major purpose. While it was being organized the nestors of anaesthesia
gave support and encouragement in trying to put on record the significant events and
the feelings of those who happened to be behind the scenes when the changes were
taking place, and we think that this goal has, in a large degree, been achieved. The
Symposium also became a milestone in the development of the specialty. By looking
back one can better understand the present situation and decide what should be done
for the specialty in the future.

The Symposium was a forerunner of the vigorous interest which exists in the history
of anaesthesia. It has become a catalysing event, and as a result several organizations
have been formed, worldwide, for the study and teaching of this aspect of our
specialty. This interest shows that the younger generation of anaesthetists is proving
worthy of the constributions of their predecessors. It may now be firmly hoped that
through the study of things past will emerge fresh initiative in research, and that the
humanistic and historical message passed down to us will serve as standards and
judgements of Things Future in Anaesthesiology.



X Preface

The Rotterdam Symposium also acted as a meeting place for many colleagues,
teachers, friends and pupils. Ideas were freely exchanged; there were music, intel-
lectual discussion and a most enjoyable social programme, with arrangements for
seeing some of the many delightful local beauty spots. Thanks to the uncommon
intellectual vigour and emotional involvement of the participants, the Symposium was
given the highest possible compliment by being called “the happiest meeting ever”.

The Editors wish to acknowledge their gratitude to the publishers, Springer-
Verlag, for the assistance given during the preparation of the present volume.

Rotterdam, May 1985 Joseph Rupreht
Marius Jan van Lieburg
John Alfred Lee
Wilhelm Erdmann
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1 Introductory Essay



1.1 Anaesthesiology: Its Origins and Its Mission
J. Rupreht and Th. E. Keys

Sir William Osler’s poetical rhetoric is powerful. In his address to the Royal Society of
Medicine on 15 May, 1918, he stressed his view that it is not the very first discoverer
who is worthy of a credit for discovery but the one who brought it into practice so that
the knowledge could be understood, learned, taught and applied by others [1]. This
view has been generally adopted, especially since in the field of discovery it is usually
impossible to say who really was the first [2].

We have achieved the state of knowledge that enables us now with certainty to
answer many questions concerning the roots of anaesthesia. It is also well known that
more and possibly different details will be dug from the past with assiduous study. The
necessity of early and planned collecting of data which some day may be of outmost
historical importance has been recognized. The by-now famous project “Living
History” at the Wood-Library Museum of the American Society of Anesthesiologists
at Chicago can serve as an example. Most scholars have also acknowledged that
interpretation of historical facts can be of great importance for the picture we have
about things past. It is being realized that many a discovery occurred simultaneously
and independently at different places or even in different periods.

A difficult problem to resolve, however, is the question why anaesthesia, as we
know it now, developed in the last 150 years — not earlier and not later. The drugs and
pain had been pre-existent. We know that ancient writers knew how to alleviate pain
[2] but that this knowledge was forgotten for many long dark centuries. An empirical
answer to this formidable problem was given by Prof. W.W. Mushin from Cardiff to
one of the present authors in a video-interview for the Audiovisual Centre of the
Erasmus University Rotterdam [3], which now is a part of the “Living History”
project of the Wood-Library Museum at Chicago. According to Professor Mushin,
the answer lies in the fact that the general cultural atmosphere of the civilized
countries had to be ready for the acceptance of relief of pain and only then could
anaesthesia be developed. His analysis on the philosophical backgrounds of the early
days of anaesthesia leaves, however, ample room for further pondering about this
problem. It is included elsewhere in this volume (see Chap. 6. 11).

The history of modern anaesthesia must be re-written, taking into account the fact
that all details of developments will never be known, and that it is the change in the
ethical attitude to the alleviation of pain which played a major role and not the
discoveries as such. The term “modern anaesthesia” is somehow vague (R. R. Macin-
tosh, unpublished letter). Indeed, what appeared to be “Modern Trends in Anaes-
thesia” [4] in 1958 is by now a rewarding source of historical data. The idea of
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including in the name of the symposium on the history of anaesthesia the adjective
“modern” had two backgrounds. First, what we have now may appropriately be called
“modern”. Second, and most important, many of the pioneers who established our
specialty as we perceive it now are still among us. They, when gathered, could tell us
about past developments in the then modern anaesthesia. By carefully listening to
their reminiscences, we would be able to capture some of the zest of their time and the
understand personal inclinations and motives that guided their creative work in anew
medical field.

There are generally valid ethical and moral principles which change little with the
passage of time. Of these, care and concern for the patient’s wellbeing is on of the
pillars of medicine — indeed of cultured civilization itself. By studying the inclinations
and actions of the pioneers in anaesthesiology it must then be possible to trace the
development of the humanistic attitudes in medicine as we know them now. Insight
into the roots of our moral background — the concern for the patient - will in turn
guarantee a correct approach to further development of our specialty along the lines
of humanistic visionaries.

Insights into the problems of human wellbeing are also dependent on technical
progress. It is important, however, never to lose sight of the fact that it is the idea and
the attitude of concern for the sick which is the real medicine, irrespective of
specialized subdivisions, and not the timely findings in the realm of auxiliary technical
or methodical means. Success in modern anaesthesiology can easily lead to oversim-
plifications, and one must always interpret and apply the knowledge with due mod-
esty. Recently, in the study of pain, misleading suppositions have been guiding the
research away from the ethical lines that it should follow. Science was guided more by
the question of what pain is, than by that of how to handle pain. Benedetti rightly
stressed that a simple electrical event like an evoked cerebral potential (ECP) cannot
serve as a measure of pain in man [5]. Indeed, an anaesthetist knows that there is more
to pain than that which can be measured. A patient’s pain distress is only grossly
related to the pain stimulus. Pain remains an individual and largely incommunicable
state of distressed existence.

Attitudes to Pain

In analysing the attitudes towards the suffering caused by pain and its alleviation we
must also think of the deep-rooted feeling of the primordial sin for which one must pay
in suffering. What else could this be than the subconscious feeling that in being
“aware” of our own existence we are aware and afraid of its risks - the greatest of them
being death. This feeling was aptly used and misused by many philosophical and
religious-thinking models. Humanists in the Renaissance started to doubt the convic-
tion of the Dark Ages that suffering and pain may have an elevated moral value [6]. In
liberating man to think freely they also exposed him to awareness of pain, the ultimate
of which is the extinction of life itself — death [7]. However, they also enabled the
human race to make a conscious search for treatment of corporeal or spiritual
suffering. They pointed towards the era in which the primordial sin should no longer
be outweighed by extinction; in other words, when the unique freedom of “being
human and aware” will not be cursed by the wretched fear of foreboding extinction.
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The humanist Desiderius Erasmus of Rotterdam was one of the most outspoken
protagonists of the changes in thinking that took place towards the end of the
Renaissance [8]. After a stormy career he became the greatest scholar of his time.
Like the youth of today, Erasmus lived during a period of intense political, intellectual
and religious change. Against this background, Erasmus was able to develop and
sustain a profound philosophy of tolerance and pacifism. There has always been a
struggle between humanism and scholasticism. Scholasticism during the fifteenth
century and earlier was preoccupied with philology. Texts were rarely scrutinized for
authenticity. The Canon of Avicenna had been used as the basic textbook in the
schools of medicine of all the universities of Europe since about 1200. The translations
of this and other medical authorities were inaccurate, and medicine suffered as a
consequence. The humanists revived the spirit of criticism and attempted to get at the
true meanings of the authors. Humanists’ objections to the medieval pedagogy were
many. It was the humanists who brought about the change of education from reading
by rote, say, the works of Galen to teaching outside of the classroom through informal
lectures in such subjects as botany and astronomy. Thus in medicine there was a
return to the thinking of Hippocrates, who lectured under the famous plane tree at
Cos. It was a revolt against the past and the logicotheological systems of the Middle
Ages. Knowledge of the classics, perfect command of Latin, appreciation of the
wisdom of the ancients, poetry, literature, rhetoric, history and law were some of the
weapons which humanism used against the “scholasticism” of the time. This was to be
one of the major trends of this period. Erasmus was the most influential of the
humanists, although there were others such as Rabelais, Jan Hus and Tomasso
Parentucelli, who became Pope Nicolas V and the founder of the Vatican Library.
Several centuries had to pass, however, before the changes in thinking also changed
the attitudes in medicine. In the catholic regions, the illustrious doctor Johannes
Antonius Scopoli deliberately broke with the old habit of copying unproved “facts”
from old books [9]. He widely advocated the exploration of things “without any
hypothesis and fallacious aid of books with one’s own eyes as if nobody had yet written
about them” [10]. Fortunately, this great physician received moral recognition by the
ingenious Linnaeus [11] and has since been remembered by anaesthetists by the name
of an alkaloid derived from the plant called after him: scopolamine [12]. The experi-
mental approach in medicine was not easily adopted. One only has to remember the
anecdotal troubles that Paracelsus had to overcome. But why did Paracelsus the
revolutionary never tackle the problem of pain? In a vast part of the then civilized
world medicine was not yet ripe for practising the humanistic ideals. The philosophi-
cal attitudes of the Dark Ages were hard to erradicate. Even Baudelaire, at the second
half of the nineteenth century, while discussing the loss of free will under hashish as a
moral problem, questioned the benefit of anaesthesia: “Malgré les admirables services
qu‘ont rendus Uéther et le chloroforme, il me semble qu'au point de vue de la
philosophie spiritualiste la méme flétrissure morale s’applique a toutes les inventions
modernes qui tendent a diminuer la liberté humaine et l'indispensable douleur.“ [In
spite of the admirable services of ether and chloroform, in my view and seen trough
the eyes of spiritual philosophy, the same moral problem exists with all modern
inventions which tend to diminish human liberty and indispensable suffering. (Trans-
lation by authors.)] Following this recapitulation of the attitudes to pain that held
strong in France in Beaudelaire’s time, he then sarcastically tells a story of a knightly
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French general who died during an operation “in spite of chloroform” [13]. Anecdot-
ally, although devilish in the doubt he casts on the essential principle of taking away
consciousness during an operation, he described precisely the various pharmacologi-
cal effects of several drugs. Such a mixture of attitudes, knowledge and emotion
weighed heavy on the Continent and formed a major obstacle in the struggle for the
conquest of pain. Attitudes often were based on forbearance of pain, thus holding
back the development of experimental or empirical knowledge about pain alleviation.

The situation was very different in the Anglo-Saxon countries. In Great Britain
Queen Victoria broke with the traditional view of giving birth in pain. She trusted her
wellbeing to a pragmatically established anaesthetist with empirically perfected
techniques, in spite of the moral upheaval which this caused among the church
authorities. August Bier’s story is similar: He punctured the liquor space and intro-
duced local anaesthetic. At the cost of two heavy headaches (his and his assistant’s) he
established a great venue for the relief of surgical pain.

However, it was not in Great Britain that Sir Humphrey Davy’s epochal observa-
tions on the destrucion of surgical pain [14], were brought into the service of suffering
man. Forty-seven years after the publication of Davy’s research work, a new brave
American put it into practice. It was in America that the French Revolution caused
changes greater even than in France. The search for new methods and their applica-
tion was basically essential for the survival of the young continent. So it is the
American melting pot, the whole continent with its vast human and natural resources
and its in-built territory, which may proudly bear the banner of promotion of anaes-
thesia. In less than a hundred years, America became the leader in the field of
anaesthesia. Attitudes slowly changed in most other countries, and the new specialty
was introduced into medicine. It must be mentioned, however, that for unknown
reasons some civilized nations have still not fully introduced the benefits of anaes-
thesia, such as painrelief in labour. Many medical schools have not realized that a
special curriculum in anaesthesia has to be given to undergraduate students. Numeri-
cally, anaesthesiologists are becoming nearly the biggest medical specialty, but the
introduction of lecturing on the subject is decreasing.

In anaesthesiology, great achievements have taken place in less than a century, and
the rate of development of the last 40 years has scarcely before been recorded in
medicine. In 1935, when Sir Robert Macintosh was visiting Professor Bauer’s depart-
ment at Heidelberg, students laughed “long and loud” at hearing that there were
doctors in England who administered only anaesthetics (R. R. Macintosh, unpub-
lished letters), and until the end of World War II there was not one single specialist
anaesthetist in the whole of continental Europe. Even in 1950, as the great German
doctor H. Killian reports (unpublished letter), a committee of German surgeons
concluded that “there is no urgent need for training of physicians in anaesthesia”.
Nowadays, there are thousands in the German Federal Republic alone.

While surveying the great work that has been done in anaesthesia and still having
among us many pionieers of the specialty who can put achievements into the correct
time perspective, one cannot but feel confident about the future of the specialty.
Anaesthesia has clearly helped medicine in its search for a “humanistic look” [15].
The intellectual and moral visions of the great Renaissance humanists are being
translated into the everyday life of a doctor.
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It is becoming clear that the mission of anaesthesia is not purely technical, but
humanistic. It is therefore very fortunate that the first international meeting on the
history and destination ot this specialty was held at Rotterdam, the city coupled with
the name of the greatest of humanists, Desiderius Erasmus. It was in the universal
spirit of Erasmus and his humanist contemporaries that the gathering was celebrated.
This Symposium testified that in order to improve anaesthesia there must be a balance
achieved between education, practice and research. With these conditions fulfilled,
anaesthesia will be able to realize its humanistic mission.
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2 Pioneers in Anaesthesia



2.1 Foreword
W. Erdmann

Any new speciality attracts pioneers at only one time
during its development. Anaesthesia has only recently
been acknowledged, throughout the world, as a recog-
nised speciality in its own right. In its short history, little
more than 100 years, its pioneers have leveled the jungle
of ignorance to build a road on which our generation can
proceed. However, when considering recent develop-
ments in medicine, we can reasonably conclude that
modern surgery was able to progress only in light of the
advancements in anaesthesia, with the related achieve-
ments of more advanced and safer anaesthetic methods.
This development took place in the second half of the
last century following the outstanding progress in the
field of anaesthesia. Morton and Snow (who by the way
was the first full-time anaesthetist) are only a few among
a large group of physicians contributing to this advancement at that time.

Meanwhile, new methods have evolved, and higher standards in anaesthesia
techniques and advances in pharmacology have been achieved. Great minds that have
contributed to the achievements of modern anaesthesia have to be discussed on the
merits of their contribution. The persons vanish but their work remains.

Artifical Anaesthesia and Anaesthetics is the title of a full-sized textbook of anaes-
thesia which was published in 1881 by Henry U. Lyman in the Woods Library of
standard medical authors (William Wood & Company, New York, 1881). The first
chapter of this textbook is entitled “History of Anaesthesia” and contains a full
description of the developments with special emphasis on the 17th, 18th and 19th
centuries. Pioneers of modern anaesthesia in this period, most of them still living
when the book was written, were represented through description of their methods.
The relative importance of their individual contributions to the progess of anaesthesia
was evaluated and credited by their peers of that time. These great men included
Perrin, Snow, Simpson, Sanson, Aristie, Turnbull, Kappeler and Rottenstein. How-
ever, others not recognized at that time have since won acclaim. For example, Charles
Waterton (1782-1865), Francis Sibson (1814-1876) and Joseph T. Clover
(1825-1882), were not given an honourable mention because, at that time, their
contributions were considered to be negligible.
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A typical case is that of Charles Waterton. Waterton demonstrated as early as 1814,
in animal experiments (donkeys), the muscle relaxing properties of Curare which, as
he discovered, led to death if this was not prevented by prolonged artificial ventilation
performed with balloons. Curare was not introduced into clinical practice until 1942,
creating a gap between discovery and clinical application of nearly 150 years. Curar-
isation is a relatively young development in medical practice and, even today, no
anaesthetist would consider functioning without the availability of muscle relaxants.
Thus Waterton, 150 years after his discovery, has been re-evaluated and is currently
included amongst other established pioneers of modern anaesthesia.

Similarly, little has been written in medical history literature about the lives of
Francis Gibson and Joseph T. Clover, both of whom have made important contribu-
tions. Ralph M. Waters is recognised as having had a great influence on modern
anaesthesia. He was an outstanding teacher, as well as a scientist, and not only created
aspecialised anaesthesia school, but also made an impact throughout Europe after the
first generation of Swedish anaesthetists had passed through his school: Torsten
Gordh, Olle Friberg, Eric Nilsson and Carl-Gustav Dhunér. Guedel, Apgar and
Lundy are without doubt true nestors in modern anaesthesia. Their personalities and
contributions are all of a recent nature as they are either still living or have only
recently died. Ritsema van Eck was an initiator and active promoter of the World
Federation of Anaesthesiologists. Ritsema van Eck was Professor and Chairman in
the small but historical University of Groningen. His Asian-Dutch background made
him the “right person at the right time” to achieve this combination of world-wide
mutual collaboration. It is interesting to note that news concerning anaesthesia as a
speciality came to Australia in early 1847 and the new methods were already being
applied two months later, in June 1847. Since those times, Australia has developed
her own sophisticated methods and anaesthesia has remained there, to this day, a
highly appreciated speciality.

The following section “Pioneers of Anaesthesia” begins by presenting the great and
leading figures in modern anaesthesia over the last 60 years. Sir Ivan Magill, who is
still living, has had an influence on all generations of anaesthesiologists of this
century. The section ends with another great person from these times, Henning
Ruben, who speaks for himself and describes from his own experience how he became
involved in the development of anaesthesia and resuscitation equipment.

Many of the pioneers described in this book are still amongst us. Some are still
actively nurturing their creations. With their help we shall be able to look back on the
early years of this century when the “speciality” of anaesthesia was no more than
wishful thinking, a dream without reality in most parts of the world. “Das Abenteuer
der Narkose” (Killian) — “The Adventure of Anaesthesia” — is thus presented to us.
Just as a nation proud of its history boldly faces the future, so a progressive speciality
needs a sound knowledge and appreciation of its proud past.



2.2 Sir Ivan Magill’s Contribution to Anaesthesia
J.B. Bowes and J.S.M. Zorab

Magill’s name is attached to a variety of anaesthetic apparatus such as tracheal tubes
and anaesthetic circuits so that his name is one of the few household names in a
specialty which is not noted for publicity. Such a widespread use of Ivan Magill’s name
implies a life of pioneering achievement at a time when a new specialty was undergo-
ing profound change. For the earlier details of Ivan Magill’s life we are indebted to the
account of his life by Stanley Rowbotham [1], who was Magill’s closest colleague for
many of those early formative years. Ivan Magill was born at Larne, Co. Antrim on 23
July 1888. He was educated at Larne Grammar School. Larne is principally known as
the Irish port on the shortest sea crossing of the Irish Sea. He travelled a few miles to
the south of Larne for his university education in Belfast. At this time he was arugby
forward, was keen on tennis and represented his university as a heavyweight boxer
[2]. Although in later years Magill did not return to his native land for anything except
the briefest of visits, this land of his birth and childhood provided him with two
legacies, namely the nickname of “Paddy”, which has always been the affectionate
term bestowed by the rest of the United Kingdom upon an Irishman, and his unmis-
takeable Irish accent.

In 1913, after qualification in Belfast, he made the very short trip to Liverpool to
take up junior posts. Liverpool is not only geographically close to Belfast but also has
a large Irish population, which must have made the city seem very homely to the
young doctor. His career was interrupted by the start of World War I. In Row-
botham’s view Magill had been showing a decided predilection for surgery, and but
for the war it is unlikely that his inclinations would have been towards anaesthesia [1].
During these war years Ivan Magill saw very active service in France; he served in the
rank of Captain and during much of his service he acted as Medical Officer in charge of
troops. Peter Randall pointed out that it was at this time that Magill developed a taste
for Burma Cheroots which were described as being remarkably black and ferocious
and soon became his trademark [2].

When the war was over Magill spent a brief spell at the Barnet Hospital [1], and
early in 1919 he was posted to the Queen’s Hospital for Facial and Jaw Injuries ad
Sidcup, to the south of London. In Magill’s words this posting was “more by chance
than by choice”, but it was to prove crucial to Magill in particular and to anaesthesia in
general [3].

His former colleague Stanley Rowbotham describes the situation at Sidcup, where
no previous anaesthetic experience would have been adequate to cope easily with the
problems which the newly developing art of plastic surgery presented at that time.
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Most of the anaesthetists at Sidcup were non-resident civilians, whilst the newly
posted officers were resident and so were plunged into the task of administering some
of the most difficult and hazardous anaesthetics that one could meet. When Magill
joined the Hospital at Sidcup the usual anaesthetic for plastic and jaw operations was
rectal oil ether. As Rowbotham pointed out, this was far from being a satisfactory
method [1]: The patient who was too light of anaesthesia at the start often became
very deep during the operation; after return to the ward the recovery was prolonged,
sometimes as long as 24 h. The maintenance of the airway was difficult, and the efforts
to keep the airway patent with oral airways and Silk’s nasal tubes often severely
hampered the surgeon. Intratracheal insufflation was at first performed with the
apparatus designed by Kelly: An electric motor was used to drive air through ether
which was later heated by passing through a coil in a warm water bath [4, p. 181]. The
anaesthetic agents were then delivered to the patient via a 22 gauge (5 mm inside
diameter) catheter, which was inserted into the trachea as far as the carina. This
apparatus was later modified by Shipway, who was very certain of the advantages of
warming the ether which was used for anaesthesia [4, p. 183]. The insufflation
pressure in the catheter was maintained at between 10 and 30 mm Hg, sufficient to
inflate the lungs and to maintain efficient oxygenation of the blood. However, if the
intrathoracic pressure was too large, then cyanosis of the lung ensued; this was treated
by disconnecting the tube from the pressure bottle for 2 s [4, p. 179]. The uncertain
depth of anaesthesia, the possibility of the patient’s condition deteriorating as a result
of Valsalva manoeuvre from the intrathoracic pressure, the various fire hazards in the
presence of ether and lastly the mixture of blood and ether vapour which was blown
out through the mouth must have sorely tried both surgical and anaesthetic patience.
In order to prevent some of the excess of vapours and the foaming blood blowing into
the surgeon’s face a second catheter was passed. With the second tube free expiration
could occur and the pharynx could be packed with gauze to protect the surgeon from
the ether-laden expiration or from a spray of blood [5].

That Magill accepted the situation which existed at that time is shown by his first
paper, which describes the now famous forceps which were initially designed for the
passage of the insufflating catheter. Magill’s initial acceptance of these methods is also
shown in the classic paper written with Rowbotham in which the details of this
insufflation technique are described [6]. However, Magill was soon to show his
practical engineering bent by various modifications to the ether insufflation
apparatus. Two sources of pressure were introduced: a hand bellows to force the ether
through the drip feed and a foot pump to force air into the system, where it is heated in
a double chamber by either hot water or an electric light bulb [7]. As with previous
apparatus Magill’s vaporizer contained a pressure manometer, thermometer and
some form of safety valve. The main change in the apparatus which he described 2
years later was to accomodate the use of nitrous oxide [8]. Nitrous oxide and oxygen
were measured by the depression of a water level in a glass tube for the nitrous oxide
and by a bubble flow meter for oxygen so that it was possible to estimate the
percentage of oxygen in the inspired mixture; the example cited was 10% oxygen in
the inspired mixture. Although there was an ether vaporization chamber in this 1923
apparatus it was much less sophisticated than that of the 1921 apparatus so that it is not
surprising that the later modification contains the “fusion into one composite unit of
an endotracheal ether insufflation apparatus and a nitrous oxide and oxygen
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apparatus”. A further refinement was made to the ether vaporization in that it now
took place in a dome-shaped chamber which was placed high in the apparatus so that it
was visible from all angles. There was also the facility to mix chloroform with the
inspired gas [9].

So far there has been no real justification for the fact that Magill is a household
name, known even outside anaesthetic circles. Up to this point he had been a first-
class clinical anaesthetist coping with very difficult cases and modifying the rather
crude apparatus which had not yet been standardized. It is typical that the next step of
anaesthetic evolution which was fostered by Magill was occasioned by the surgical
necessity of the anaesthetist having to avoid the sterile field of the operation site.
There was also the consideration for a particular patient, a 27-year-old female, who
had had previous unfortunate experiences with both ether and chloroform and so had
requested that only nitrous oxide should be used. Few anaesthetits of such eminence
would have shown the willingness to be as adaptable as Magill, who set out to use
nitrous oxide. He cut off a piece of rubber tube which was much wider in calibre than
the previously used intracheal catheters and so enabled a to-and-fro ventilation to
take place. Although the paper which he had written with Rowbotham had fore-
shadowed this technique of “to-and-fro” ventilation, the fact that there had not been a
sudden change to this technique shows that the older technique of a double catheter
through the cords with the pack in the nasopharynx was proving moderately satisfac-
tory. Magill outlines the advantages and disadvantages of this to-and-fro type of
ventilation with a wide-bored endotracheal tube. The disadvantages he cites are the
necessity for complicated apparatus and the certain amount of delay before the
operation can begin: “Both these factors chiefly arise in private practice”. There is a
small confusion of nomenclature in that Magill used the term “intratracheal” to
describe intubation with a narrow-bored catheter in the trachea and “endotracheal”
when the tube was of wide bore and the flow was “to-and-fro”. Nowadays, Interna-
tional Standards would prefer use of the term “tracheal” intubation.

Magill became very adept at “blind” nasotracheal intubation. Part of this skill was
due to practical technique and the correct positioning of the head in slight extension
(later to be known as “sniffing the morning air“), but doubtless intubation was also
helped by his considerable strength [3]. At his 90th birthday celebration in 1978,
which was held at the Royal Society of Medicine, Magill derived considerable amuse-
ment from the young anaesthetics who were crowding around him palpating his still
considerable biceps muscles. Such muscles were undoubtedly useful later in fly
fishing, for which he had a fascination and in which he became an expert; there are
many decorations from this sport in his London flat. Magill has a puckish sense of
humour, and there is the story of him presenting himself to a friend, disguised in gown
and mask, as a distinguished but infuriatingly stupid foreign visitor. Another aspect of
this was shown when visitors would come to watch the master. Magill would delight in
waiting for the correct depth of anaesthesia and then ask the visitor to fetch something
from his kit and then, quick as a wink, flip the tube in while the visitor’s back was
turned [2].

When Magill intubated by the oral route he developed his now widely known
laryngoscope, which he called a speculum [10]. The maintenance of anaesthesia was
frequently at that time by some form of draw-over inhaler, but Magill preferred
nitrous oxide and oxygen, with a minimum amount of ether. He used a small
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continuous flow apparatus which was provided with a half-gallon bag of thin texture
close to the machine and a delicate spring expiratory valve close to the patient. The
tracheal tube was connected to the rest of the apparatus by means of a metal elbow,
known as “Magill’s connector”. Allegedly the position of the reservoir bag and
expiratory valve was determined by the wish to remove the irritation of the expanding
and contracting reservoir bag from the proximity of the surgeon. In any case the
arrangement as described by Magill has been shown during spontaneous ventilation to
be as efficient as the more recent circuits [11]. As well as the care for the adult patients
facing plastic operations, Magill was probably the first to adopt the endotracheal
technique for cleft palate and hare lip operations in infants [1]. Magill admits to
approaching the problem of intubating the neonatal larynx with considerable trepida-
tion as there was the risk of traumatic oedema in the larynx [5].

In 1923 Ivan Magill was appointed to the Brompton Hospital. The Brompton
Hospital was the foremost chest hospital in England at the time — a position which it
has retained up to the present day. Although Magill retained his interest in plastic
anaesthesia, this appointment meant that he started to develop an interest in thoracic
anaesthesia, and the type of patient in those days was very different from those of
today. In Magill’s words, “Operation is usually decided upon when medical measures
alone have failed to arrest the disease. Hence many of these patients are more or less
chronic invalids . .. [12]. Magill had two major interests in thoracic anaesthesia. The
first interest was in the problems associated with wet lung and the spread of secretions
to the healthy part of the lung. The second interest was in the variety of techniques
used to secure anaesthesia or analgesia. In this instance it is apparent just how
receptive Ivan Magill was to new ideas. His treatment of wet lung was by use of a pair
of endobronchial tubes with a bronchoscope for their introduction. In Magill’s
description the tube for the left bronchus has the spiral wire entirely covered with
rubber and that intended for the right bronchus has the spiral wire beyond the cuff left
bare so that although the tube may be located within the right bronchus the right
upper lobe is not obstructed when the cuff is blown up [5]. The other way of
controlling secretions was by the use of a blocker, which consisted of a suction
catheter mounted with an inflatable cuff, passed independently of the anaesthetic
tube in the trachea. The variety of techniques which Magill used for thoracic surgery
are surprising. However, one of the interesting aspects is that, in spite of pioneering
tracheal intubation and the various methods of separating the lungs, for the majority
of cases Magill appears to have used face piece administration with nitrous oxide and
oxygen [13]. Other techniques included chloroform, cyclopropane, spinal and para-
vertebral block for thoracotoplasties. The latter techniques were combined with the
use of Nembutal as a basal hypnotic. In view of the future disasters when thiopentone
was used as the sole agent, it is interesting that Magill recommends that the employ-
ment of a barbiturate as the sole anaesthetic is inadvisable [14].

As well as the ability of Ivan Magill to accept change and in cases to foresee events,
one is struck by the basic humility of the man who recognized that techniques which
were highly skilled and were realized only after much practice would soon be superse-
ded. For example, the use of short-term relaxants would mean that any junior
anaesthetist could intubate and that blind nasal intubation would only be used as a
rare technique. Similarly, the work on the various types of bronchial blockers would
be obsolete in the presence of the double-lumen tubes such as the Carlens tube.
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Ivan Magill was very keen on promoting the status of anaesthesia. Personal status
did not interest him, although during such a distinguished career, as well as being
knighted, he has received many honours from all over the world. He felt that
anaesthesia would only advance if it became less dependent on surgical domination.
Some of the views can be obtained from his eulogy of Ralph Waters, whom he
obviously looked upon as a kindred spirit [15]. Perhaps it is difficult for the younger
anaesthetists to realize how successful Magill and his colleagues have been in this
quest for an improved status for the anaesthetists. In the Proceedings of the Royal
Society of Medicine which have been mentioned there are several instances of
surgeons entering the discussion, or rather pontificating on such subjects as the
desirability of intubation, the pros and cons of various agents and fluid balance. All
these topics anaesthetists would now consider their sphere of interest. Magill realized
that the way forward could only be by an anaesthetic examination. Although Magill is
now very much associated in the minds of the younger anaesthetists with the Royal
Society of Medicine, he realized that such a meeting place could not be the platform
for launching an examination for anaesthesia. This meant the formation of the
Association of Anaesthetists, which held its first examination in 1935. Even so, Magill
remains very much for us as a friendly presence in the Royal Society of Medicine. His
flat is just a few yards from the place where most of his papers were read, and he still
frequently attends the monthly RSM meetings.
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2.3 J. T. Clover:
A Giant of Victorian Anaesthesia

R. K. Calverley

Joseph Thomas Clover (1825-1882) was the leading
anaesthetist of Victorian England for more than two
decades following the death of John Snow in 1858. His
reputation as a clinician, inventor and author is remem-
bered in the United Kingdom through the Clover lec-
tures of the Royal College of Surgeons of England.
Anaesthetists of other countries, however, have little
knowledge of his remarkable career beyond identifying a
celebrated photographic study of Clover anaesthetizing a
seated man while palpating his patient’s pulse. His life is
important to us, however, for his history carries
anaesthetic practice from its beginnings in 1846 until
1882, when his achievements were the latest advance
R.K. Calverley exactly a century before our meeting.

If Joseph Clover had written a textbook, he would be
better remembered, but a complete account of his activities is not available. Dun-
cum’s excellent study, The Development of Inhalational Anaesthesia [1], features his
professional achievements. Some Clover lectures [2—-4] provide welcome biographical
material, but other information can be found only in personal papers. Although a
portion of these is in the possession of Addenbrooke’s Hospital, Cambridge, alarger
collection is prized by the University of British Columbia, Vancouver, Canada, and is
the source of this presentation. K. Bryn Thomas surveyed the Canadian material in
1972 [5].

Student days

Joseph Clover was born at Aylesham, Norfolk, on 28 February 1825. He entered
medicine at the age of 16 as an apprentice to a Norwich surgeon, Charles M. Gibson,
and served as a surgical dresser until 1844. During that period he developed a
respiratory infection, possibly tuberculosis, which forced an interruption of his work
and left him with “a delicate constitution not expected to lead to a long life”. After
partial recovery he was able to continue medical studies at University College Hospi-
tal in London, from where he graduated with distinction in 1846.
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His school notes show the interests and limitations of medicine at that period.
Anatomy, materia medica and descriptions of diseases dominated his academic
studies. Clover drew the larynx and listed the vessels and nerves of the neck and limbs
in great detail, but the trunk and abdomen were reviewed with much less attention,
thus reflecting the limited surgical horizon before anaesthesia.

His personal papers contained brief notes describing 140 operative procedures in
the preanaesthetic period 1841-1846. Amputations and lithotomies predominated.
Mastectomies were reported regularly. Abdominal surgery was rare, save for the
repairs of incarcerated hernias, but two attempts at colostomy were described. Not
every patient was acutely ill or in pain before surgery, as Liston repaired a cleft lipina
4-year-old child without anaesthesia and divided extraocular muscles in attempts to
correct strabismus. Despite the surgeon’s renowned speed, a uterine fibrectomy
lasted over 27 h.

At every operation the surgeon’s assistants subdued the struggling patient, but
Clover makes no reference to pain, the horrible accompaniment of every procedure.
A surgical text by Clover’s instructor, Robert Liston, entitled Elements of Surgery [6]
also all but ignores the patient’s suffering. Unfortunately, Clover’s notes are inter-
rupted a few weeks before William Squires anaesthetized Frederick Churchill with
ether on 21 December 1846. It is not known with certainty if Clover or his fellow
student, Joseph Lister, witnessed this historic event. Ten days later on 1 January 1847,
Closer saw Squires attempt two anaesthetics in which Clover noted that “the experi-
ment completely failed” [5, p. 437].

The Young Physician

Joseph Clover became a house surgeon and, after gaining a fellowship from the Royal
College of Surgeons in 1850, a resident medical officer of University College Hospital,
London. He was an occasional anaesthetist in the course of his surgical duties. A note
from 1852 inquired, “What is the (commercial) source of chloroform?” John Snow
reports that “the plan of administering chloroform with the head and shoulders of the
patient covered with a towel, was introduced by Clover, . .. and it is right to state that
it lead to no accident in his hand” [7, p. 186]. Despite Snow’s complimentary
reference, Clover’s notes of that time contained only passing references to anaes-
thesia.

He entered private practice in 1853 at 3 Cavendish Place, London, and remained at
that address for the rest of his professional life. His practice consisted initially of
general medicine, anaesthesia and a preoccupation with urology, particularly the
technique of lithotrity — the crushing and evacuation of bladder stones. He created a
workroom where he fabricated anaesthetic and urological inventions.

His creativity fostered a close association with Henry Thompson, the leading
urologist of the day. Clover developed lithotrity blades to crush stones, an aspirating
syringe to retrieve the fragments and “Clover’s crutch”, a popular leg restraint for use
during lithotomy. As late as 1880, he continued to sketch new appliances for his
urologist friends. While Thompson was able to crush the bladder calculus of King
Leopold of the Belgians without anaesthesia in 1862, a personal note from Thompson
suggests that he regarded Clover as a urological colleague as well as the anaesthetist
he would have chosen had anaesthesia been required.
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A Busy Anaesthetist

The motivation for Clover’s transition to anaesthetist was not recorded. Perhaps
anaesthesia offered him a less arduous life than general practice or he may have been
influenced by an increased demand for his services after the unexpected death of John
Snow in 1858. Clover gained appointments at University College Hospital, West-
minister Hospital and the London Dental Hospital and began a career that brought so
many demands that he reported providing a total of over 20000 anaesthetics. Very few
of these cases are mentioned in his notes. It is probable that the pace of his practice
denied him much free time, as suggested by this undated note reading: “My Dear Sir, I
have to give chloroform at the Great Western Hotel at 1.20 and at Finsbury Pavement
at 3 p.m. I am afraid if the latter operation should be a long one, I can’t be with you
until a quarter past four o’clock.” In those days before telephones, a surgeon might
send a personal note in a copperplate hand with a request such as “I have promised to
see a case at 10 exactly on Thursday, but it will not take more than ten minutes.
Sincerely yours, James Paget.” A century later similarly optimistic surgical promises
are transmitted, but without graceful calligraphy.

Clover’s clinical career was very successful. He received notes expressing apprecia-
tion of his services from many socially prominent figures, including the Princess of
Wales (later Queen Alexandra), Sir Robert Peel, Sir Erasmus Wilson and Florence
Nightingale. The preserved portion of the nurse’s letter reads: “... with my admira-
tion and gratitude for skill and kind inventiveness which makes pain so painless
without injury to the health” [5, p. 441]

Clover anaesthetized the deposed monarch Napoleon III at his residence, Camden
Hall, Chislehurst, Kent. Sir Henry Thompson’s notes described the care of this
terminally uraemic patient [8]. On 26 December 1871 he wrote, “... Mr. Clover the
most experienced chloroformist of the day. The Emperor took the anaesthetic well
...”; On 2 January, “... he took the chloroform as easily as before ... he recovered
consciousness gradually and watched by Mr. Clover until intelligence had fully
returned, made the usual expression of surprise that the operation had been per-
formed ...”; and on 6 January, “10 a.m. ... just before preparing to take the
chloroform the Emperor had a severe shiver, and it was necessary to wait . .. at noon
Mr. Clover placed him easily under its influence as before.” Clover dispatched a
telegram to his wife on 9 January which read, “His Majesty passed a tranquil night and
an operation was to be performed at noon, but he expired suddenly at 10.45 a.m.” No
record of Clover’s emotional response has been found. He would have realized that
had this death occurred during surgery, both anaesthesia and anaesthetist might carry
a major responsibility.

Anaesthetic Apparatus

Clover’s realization that chloroform was safer when administered in known concen-
trations led to the successful introduction of the chloroform bag inhaler, which he
constructed of waterproof silk cloth, a rubber-lined face mask and hand-carved
inspiratory and expiratory valves of ivory supported by springs [1, pp. 242-244]. The
face mask contained a flap to permit the addition of room air to dilute the anaesthetic.
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A bellows forced 1000 cubic inches (16.3 87 litres) of air across an evaporating vessel
into the bag. John Snow had considered this approach a decade before, but had not
“introduced the plan into general use, as the balloon would sometimes have been in
the way of the surgeon [7, p. 80]. Clover was more successful, but the device was never
popular. In 1868, he reported no deaths among 1802 applications, but later was to
review a personal fatality in searching detail, including a description of attempts at
resuscitation. He attributed the death to his undetected error in calculating the
volume of air diluting the chloroform.

In 1864 the Royal Medical and Chirurgical Society established a committee to
investigate fatalities into chloroform. Joseph Clover was an expert assistant to that
group and conducted numerous animal experiments for their use. Even though they
considered that his apparatus was the best available and concluded that chloroform
mixtures were safe, Clover himself counselled that the pulse must be continuously
observed during anaesthesia and the anaesthetic discontinued temporarily should
irregularities or diminished pulse volumes be noted: “If the finger be taken from the
pulse to do something else, I would give a little air ...”

During March 1868, Clover observed a dental surgeon, T. W. Evans, administering
nitrous oxide. He was attracted by the effectiveness and safety of the agent and
improved its delivery by using his Clover bag. He realized that a supplemental
reservoir bag near the mouthpiece would provide a more constant concentration of
the anaesthetic, and so he introduced a rebreathing bag to the circuit [1, p. 286]

Clover employed a nosepiece to provide continuous nitrous oxide anaesthesia
during dental surgery, but found that the anaesthetic concentration might be inade-
quate unless chloroform were added [9]. Beginning in 1874, he introduced a series of
inhalers to be employed in a nitrous oxide ether sequence. Through his success, ether
came back to prominent use. He dedicated many free hours in his workshop creating
his “Combined Gas/Ether Sequence”. This commercially successful apparatus was
manufactured by Mayer and Meltzer in 1876 [10]. The author described the advan-
tages as (1) greater economy, (2) rapidity of response and (3) regulated control of
anaesthetic concentration. It was purchased for use in many hospitals,

In 1877 Clover introduced a more successful apparatus, the “portable regulating
ether inhaler” [11]. This compact and robust instrument allowed a skilled anaesthetist
to give ether rapidly and safely in office and hospital practice and it retained a place in
the United Kingdom until World War II [12]. In later decades many modifications
were made, including those of Wilson-Smith, Hewitt, Probyn-Williams, Rowling and
Ombredanné [13]. There is every possibility that had Clover lived longer he would
have continued to modify this device, for a desire for improvement was always at the
heart of his efforts.

Retrospective assessment of his equipment by Professor Nunn has proved that
Clover’s patients experienced both hypercapnia and hypoxia [14]. Rebreathing accel-
erated induction but was dismissed as a hazard, since Clover noted that “all animals
rebreathe partially“. The deleterious effects of continued rebreathing were modified
because Clover lifted the mask regularly. In his time supplemental oxygen was not
employed in Britain. While his notes reflect his broad interests in reading current
medical literature, he made no comment of Edmund Andrew’s use of a 20% oxygen-
nitrous oxide mixture in 1868. Even this Chicago surgeon was inconvenienced by the
bulk of his oxygen-nitrous oxide apparatus. Andrews remarked that “in city practice
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among the higher classes, however, this is not an obstacle, as the bag can always be
taken in a carriage without attracting observation [15]. Commercial oxygen cylinders
became widely available in Britain after Clover’s death. While Clover’s apparatus has
no current application, we remember that it was the best of its day and that he
advanced anaesthetic practice through his skillful management of these devices.

Last Days

He maintained an interest in newer anaesthetic agents, including ethidine dichloride,
which he used more than 1200 times before 1880, and ethylbromide, which he found
very unpleasant. He was very interested in resuscitation and recommended that
“when air is prevented entering the chest in spite of respiratory efforts, I should raise
the chin as far as possible from the sternum. I have found this as effective as drawing
out the tongue and much more speedily effected. If respiration has stopped I would
use gentle artificial respiration taking care that the air passes through the larynx.” He
tested the effectiveness of artificial ventilation by a variety of manual methods in
cadaver studies and recommended Sylvester’s technique over all others then avail-
able.

After a year of poor health, he died of uremia on 27 September 1882 and was buried
in the Brompton Cemetery, a short distance from the grave of Britain’s other great
Victorian anaesthetist, John Snow [16]. Correspondence from Clover’s friends and
colleagues to his widow and published tributes reflect the great esteem in which he was
held [17, 18]. They tell of his gentle manner, his absolute unselfishness and active
sympathy with the joys and sorrows of others. He relieved the sufferings of thousands
of patients by his dedication to improved anaesthetic practice. His legacy is an
important part of our heritage.

References

1. Duncum BM (1947) The development of inhalational anesthesia. Oxford University Press,
Oxford
2. Marston AD (1949) Life and achievement of Joseph Thomas Clover. Ann R Coll Surg Engl 4:
267-280
3. Gray TC (1954) Disintegration of the nervous system. Ann R Coll Surg Engl 15: 402-419
4. Lee JA (1960) Joseph Clover and the contributions of surgery to anaesthesia. Ann R Coll Surg
Engl 26: 280-299
5. Thomas KB (1972) The Clover/Snow collection. Papers of Joseph Clover and John Snow in the
Woodward Biomedical Library, University of British Columbia, Vancouver. Anaesthesia 27:
436-449
. Liston R (1842) Elements of surgery. Barrington and Haswell, Philadelphia.
. Snow J (1858) On chloroform and other anaesthetics. Church111 London
. Cope Z (1951) The versatile Victorian, the life of Sir Henry Thompson. Harvey and Blythe
London, pp 56-60
9. Clover JT (1868) On the administration of chloroform through the nostrils (Correspondence).
Lancet 1: 231
10. Clover JT (1876) On an apparatus for administering nitrous oxide and ether, singly or combined.
Br Med J 2: 74-75

o0~ N



11.
12.

13.
14.
15.
16.

17.
18.

J.T. Clover: A Giant of Victorian Anaesthesia 23

Clover JT (1877) Portable regulating ether inhaler. Br Med J 1: 69-70

Atkinson RS (1977) Clover’s portable regulating ether inhaler (1877). A notable one hundredth
anniversary. Anaesthesia 32: 1033-1036

Galley AH, King AC (1948) Modifications of Clover’s ether inhaler. Anaesthesia 3: 147-153
Nunn JF (1968) The evolution of atmospheric oxygen. Ann R Coll Surg Engl 43: 200-217
Andrews E (1868) The oxygen mixture, a new anaesthetic combination. Chicago Med Examiner
9: 656—661

Macintosh RR (1969) The graves of John Snow and Joseph Thomas Clover. Anaesthesia 24:
269-270

Obituary, JT Clover, F.R.C.S. Eng. (1882) Lancet 2: 597

Buxton DW (1923) Joseph Clover, 1825~1882; a pioneer in anaesthesia. Br J Anaesth 1: 55-61



2.4 Charles Waterton (1782-1865):
Curare and a Canadian National Park

J.R. Maltby

Charles Waterton was born on 3 June 1782 at Walton
Hall, near Wakefield in the north of England. He was
known as the Squire of Walton Hall and became one of
England’s best-known nineteenth-century naturalists
and taxidermists. At the age of 14 he was sent to the
newly founded Stonyhurst College in Lancashire, which
was run by Jesuit priests, with whom he kept up corres-
pondence and visits throughout his long life. In 1804, at
the age of 22, he left England to manage family estates in
Demerara, in what is now Guyana. Then in 1812 he gave
up the estates and set off on the first of his four Wander-
ings in South America, which are described in a book of
that title, first published in 1825 and most recently repub-
J.R. Maltby lished in 1975 [1]. The remainder of his life was devoted
to natural history, taxidermy and the establishment of
the world’s first bird sanctuary at Walton Hall. He died in May 1865 and is buried in
the grounds of Walton Hall, which has recently been restored and is now a most
attractive country club.

Blowpipe and Blowpipe Arrows

It was on the first of his four wanderings that he saw the effects of curare, observed its
manufacture and performed various experiments with it. He described in some detail
the blowpipe through which the Indians would blow arrows to distance of 300 ft (100
m) to kill birds and small animals. It was 10-11 ft (3-3.5 m) in length and completely
smooth inside. He also brought home to England blowpipe arrows, a quiver, and
arrowheads, and these are on display in Wakefield Museum. The arrowtips are coated
with a grey substance, and samples from a block of this substance have recently been
confirmed by the Departments of Anaesthesia and Pharmacy at Leeds University to
contain d-tubocurarine.
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Challenge from President of the Royal Society

What stimulated Waterton’s interest in curare is not absolutely clear. There was
knowledge of the poison from the reparts of earlier explorers, including Von Hum-
boldt, La Condamaine and Bancroft, and there were suggestions in Waterton’s time
that it might be of use in the treatment of hydrophobia and tetanus. The stimulus for
Waterton’s exploration seems to be revealed in a letter which he wrote to the Mayor of
Nottingham in 1839 referring to a meeting many years earlier, probably about 1800,
with Sir Joseph Banks, President of the Royal Society. Waterton wrote:

After dinner the conversation turned on foreign parts and I told him of the Indian poison; and how
the hunters were wont to use it in the chase.

‘My young friend’, said Sir Joseph, ‘I believe, that you believe what you have just recounted; but let
me tell you, I have been a great traveller; and all the investigation which I have been able to make
concerning the nature of this poison, tends to convince me that it is not sufficiently strong to kill the
larger animals such as men and cattle ... When you yourself shall have witnessed its deadly effects on
man or cattle we will no longer doubt its deadly virulence.’

Waterton’s Route in Guyana

Waterton accepted this challenge and set off in 1812 from Stabroek, now
Georgetown, the capital of Guyana, on a 3-month journey by canoe with six savages.
They proceeded up the Demerara River for about 400 miles (640 km), portaged across
to the Essiquibo, followed one of its tributaries and portaged again into a tributary of
the Rio Branco, finishing at the inland frontier post of Portuguese Guiana, Fort San
Joachim. About half way up the River Demerara, Waterton came upon the first
sample of curare at an Indian habitation.

A small quantity of the wourali poison was procured, it was in a little gourd. The Indian who made
it, said that he had killed a number of wild hogs with it, and two tapirs. Appearances seemed to
confirm what he said; for on one side it had been nearly taken out to the bottom, at different times,
which probably would not have been the case, had the first or second trial failed.

Experiments with Curare

Waterton then tested the sample by wounding a middle-sized dog in the thigh with a
poisoned blowpipe arrow. Within 3—4 min the dog began to stagger and lay down. He
barked once and his voice was low and weak. His heart continued to beat for several
minutes after the rest of the body was motionless and in 15 min he was dead.

The challenge given to Waterton by Sir Joseph Banks was to prove that curare was
effective on large animals. Waterton described an experiment on a large, well-fed ox
weighing 900-1000 1b (400-450 kg). He used three wild hog arrows, one into each
thigh and the third into the extremity of the nostril. He stated that the curare appeared
to take effect in 4 min; the ox set himself firmly on his legs and did not move until the
14th minute. He tried to walk, staggered and fell. He breathed hard and emitted foam
from his mouth, then he gradually became weaker and in a minute or two more his
head and forelegs stopped moving. His heart continued beating faintly for several
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more minutes but in 25 min from the time of being wounded he was quite dead.
Waterton contrasted this experiment with one on a full-grown fowl into whose thigh
he ran a poisoned blowpipe arrow. The fowl showed symptoms during the second
minute and by the end of 5 min it was dead.

Waterton then drew the conclusion which to us might be quite obvious, but which
had eluded the President of the Royal Society, that with curare there was a
dose—weight relationship:

Make an estimate of the difference in size between the fowl and the ox and then weigh a sufficient
quantity of poison for a blow pipe arrow, with which the fowl was killed, and weigh also enough poison
for three wild hog arrows, which destroyed the ox, and it will appear that the fowl received much more
poison in proportion than the ox. Hence the cause why the fowl died in five minutes and the ox in five
and twenty.

Manufacture of Curare

It seems likely that Waterton actually observed the preparation of curare. The Macusi
Indians went out into the forest to collect the vines, a root of very bitter taste and two
bulbous plants which contained a green and glutinous juice. Having scraped the
curare vines and bitter root into thin shavings they stewed these in an earthen pot to
make a coffee-like liquid. Into this they squeezed the juice from the bulbous plants.
Lastly they added ants, strong pepper and the pounded fangs of the labarri snake (of
whose necessity Waterton was dubious). The mixture then allowed to simmer on the
stove, with more of the juice of curare being added. When it became a thick syrup, a
form of quality control was carried out. A few arrows were poisoned with it to test its
strength and, if satisfactory, the product was stored dry in a little pot or calabash.
Even today the curare we use in the operating room is still obtained from vines in
South America. The initial preparation, to the stage described by Waterton, is carried
out by Indians near the head waters of the Amazon. From there it is sent to the drug
houses for purification and standardization.

Life-saving Artificial Respiration

Waterton wished to know if there was an antidote for this paralysing poison. The
Indians told him of pouring sugar cane juice or rum down the throat of an animal or
holding a wounded animal submerged up to its mouth in water. He tried these
remedies several times and they always failed. He then made the comment: “It is
supposed by some, that wind, introduced into the lungs by means of a small pair of
bellows, would revive the poisoned patient, provided the operation be continued for a
sufficient length of time.” Back in England in 1814 he tested this hypothesis on a
donkey, along with Sir Benjamin Brodie, the surgeon, and Mr. Sewell of the London
Veterinary College.

The she-ass received the poison in the shoulder and died apparently in 10 minutes. An incision was
then made into its windpipe and through it the lungs were regularly inflated with a pair of bellows.
Suspended animation returned. The ass held up her head, and looked around, but the ventilating
being discontinued she sunk once more in apparent death. The artificial breathing was immediately
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recommenced, and continued without intermission for two hours more. This saved the ass from final
dissolution; she rose up, and walked about; she seemed neither in agitation or pain. The wound
through which the poison entered was healed without difficulty. She looked lean and sickly for about a
year but began to mend the spring after; and by mid-summer became fat and frisky [2].

However, more than a century passed before curare was used clinically in anaes-
thesia and in the treatment of tetanus.

Waterton Lakes National Park, Canada

Waterton Lakes in Southern Alberta were named in Charles Waterton’s honour in
1858 by Thomas Blakiston, naturlist and magnetic observer with the Palliser expedi-
tion, exploring for passes through the Canadian Rockies.

A $ 1.50 Canadian stamp depicting Waterton Lakes National Park was issued by
Canada Post on 18 June 1982 and a “silver” souvenir dollar bearing Waterton’s head
was available as legal tender in the Park and surrounding towns during the summer of
1982. The year 1982 marks three interesting anniversaries related to Waterton and
curare: the 200th anniversary of the birth of Charles Waterton, the 50th anniversary of
the dedication of the Waterton-Glacier International Peace Park in Western Canada
and the United States and the 40th anniversary of the introduction of curare into
clinical anaesthesia by Griffith and Johnson in Montreal.
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2.5 Francis Sibson (1814-1876):
Pioneer and Prophet in Anaesthesia

J.R. Maltby

Francis Sibson was born in 1814 near Maryport, in Cum-
berland, England. When he was 5 years old his family
moved to Edinburgh, where, at the age of 14, he became
a surgical apprentice and received his diploma from the
Royal College of Surgeons of Edinburgh at the age of
17% years. From 1835 to 1848 he was Resident Surgeon
and Apothecary to the Nottingham General Hospital,
and it is in the last 2 years of this appointment, immedi-
ately following the discovery of ether and chloroform
anaesthesia, that we are particularly interested.
After a gap of 17 years from graduating in Edinburgh
Sibson decided to move to London, where he obtained
his batchelor’s degree with Honours in Medicine and a
J.R. Maltby week later proceeded to the masters degree, receiving
the gold medal for his commentary. The following year
he was elected Fellow of the Royal Society. From 1851 until his death in 1876 he was
one of the physicians at St. Mary’s Hospital in London.

During his 13 years in Nottingham Sibson published many papers on the anatomy,
physiology and pathology of the heart and lungs. In 1844, several decades before the
use of local anaesthetics for supraclavicular brachial plexus blocks, Sibson described
the strengthened supraclavicular portion of the pleura which may be punctured during
that procedure and which became known as Sibson’s fascia.

The pleura which covers the portion of lung above the clavicle is strengthened and brought under
muscular control by a fascia, the aponeurosis of a small muscle, the pleural scalenus, rising from the

transverse process of the last cervical vertebra and inserted by a dome-like fascia into the whole of the
upper edge of the first rib [1].

Pupillary Signs in Anaesthesia

Although John Snow classified the stages of etherization in 1847, he paid little
attention to pupillary signs: “In the earlier cases I used to raise the eyelid to look at the
pupil. I was not able to learn much from it, as generally it is not much altered from its
natural state and remains more or less sensible to light in all stages of etherization.”
The following year, 1848, Sibson wrote:
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Under the increasing influence of etherization and chloroform pupils first contract and then
oscillate between contraction and dilatation and finally dilate. So long as the pupil is contracted a
dreamy state often exists and the patient, when operated upon, frequently manifests an unremem-
bered consciousness; he is in fact in a state of sopor. When the pupils dilate, and the iris is immovable,
consciousness is extinguished - the patient is in the state of coma [2].

Artificial Respiration

Snow and Sibson both made the observation that, in deep anaesthesia, cessation of
respiration generally occurs while heart action is still present. Whereas Snow stated
that (in animals) if the breathing had not actually ceased when the vapour was
discontinued they always recovered, Sibson went further and stated that:

If natural respiration ceases, there is nothing for it but to establish immediately artificial respiration.
Ammonia, cold water, bleeding, will be resorted to in vain. We ought, then, whenever we administer
chloroform, to be ready, in case of need, to perform artificial respiration [2].

Sibson even designed a chloroform inhaler which could be used for artificial
respiration. The lower orifice had a one-way valve for inspiration while the upper one
contained an expiratory valve. The tube to which this valve was attached could be
drawn out so as to expose an aperture through which artificial respiration could be
performed, the technique for which Sibson described thus:

Invert the mask firmly on the face, press back the larynx against the oesophagus and spine — inspire
deeply, and distend the chest by blowing through the upper tube. Renew the artificial respirations in
rhythmical succession, about 16 in each minute [2].

Although Sibson does not elaborate on his reasons for pressing back the larynx —
whether to prevent air from passing down the oesophagus or gastric contents from
passing up into the pharynx — this mention of cricoid pressure precedes Sellick’s
description of its use to prevent gastric regurgitation by more than a century.

Chloroform Deaths

Sibson was considered an expert on the early chloroform deaths in which the patient
suddenly became blanched and the heart stopped, either at the same time or even
before respirations ceased.

More than 100 years later, in 1965, a joint subcommittee on dental anaesthesia was
appointed in the United Kingdom, whose terms of reference were:

To consider the use of general anaesthetics in general dental practice and to advise:
1. How far the administration of general anaesthetics for conservative treatment can be justified, and
2. How far the administration of general anaesthetics for any purpose without the attendance of a
second practitioner can be justified [3].

The report made virtually the same comments as Sibson had done in 1848 when he
wrote about sudden chloroform deaths:

In three out of the four fatal cases, chloroform was administered by the operator: this should never
be. Chloroformization is the exhibition of a subtle poison, and ought to be watched by its adminis-
trator with undivided attention through the whole of its operation ... In dental surgery (except in
extreme cases) and in trivial operations, the use of chloroform is not justifiable [3].
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He then added a footnote:

Since this was written, a fifth case of death from chloroform (in India) has been reported in the
Gazette. Like the four other cases the operation was trivial; like three of them, chloroform was
administered by the operator himself, and in the sitting posture. During the operation scarcely a drop
of blood escaped. The patient was probably already dead!

Facial Neuralgia

During 1847 Sibson wrote on the treatment of facial neuralgia by the inhalation of
ether. He treated his first patient for this condition on the 30 January 1847, less than 6
weeks after the first operation in Great Britain under ether. This 21-year-old female
had an aching, stinging, jumping pain on the left side of her face; she felt as if a sharp
instrument were run into her cheek. Violent paroxysms usually came on after each
meal and lasted about 2 hours. After having tried various remedies for 4 weeks she
tried ether inhalation. The pain disappeared in about 2 min without loss of conscious-
ness. In about 10 min the pain returned to a slight degree and was again removed by
inhalation. Of five patients so treated two became completely free of pain after each
had received a second treatment a few days after the first; one continued to have the
paroxysms, though with longer intervals of freedom; while in the other two any
improvement was very short lived and the treatment was eventually abandoned.
Sibson also tried chloroform and effected a cure in two out of seven patients. It was 70
years later that trichloroethylene inhalations were found to be a useful treatment for
trigeminal neuralgia, when they were thought to be a completely new treatment. It is
interesting that in 1931 the results with trichloroethylene in 177 patients were 25%
cured and 51% partially relieved, very similar to Sibson’s results with ether and
chloroform more than 80 years earlier.

Sibson’s Association with Charles Waterton

Sibson, like Sir Benjamin Brodie a generation earlier, was associated with Charles
Waterton, the squire of Walton Hall and famous naturalist, in experiments using
curare. In 1839 they gave curare to a donkey, and Sibson spent several hours
squeezing the bellows through a tracheostomy for artificial respiration. This animal
died 3 days later, but a second one, which needed artificial respiration for only 1 h,
survived.

Treatment of Tetanus

It was the opinion of Sibson and other leading medical men of his time that curare
might be of use in the treatment of hydrophobia and tetanus. There were reports in
1859 that curare had been successfully used in the treatment of both animal and
human tetanus; however, Sibson had reservations about its use in severe cases:

... in order to overcome tetanus, it was necessary to give an adequate dose and he feared that an

adequate dose would be such as absolutely to call for artificial respiration ... He feared that the
symptoms of tetanus would be found too severe to be overcome without loss of life [4].
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Nearly 100 years passed before this treatment for tetanus, the Total Paralysis Regime,
was used in Copenhagen with experience gained from long-term artificial ventilation
of patients during the great poliomyelitis outbreak in 1952.

Other Interests

Apart from his extremely busy medical life, Sibson’s main interests were his regular
early-morning walks in the London parks and his Alpine mountaineering holidays.
He was always interested in nature. Whereas in London he might study trees and
birds, on his Alpine holidays he took great interest in the structure and movement of
glaciers. It was on his way back from a holiday abroad that on 7 September 1876 he
collapsed and died in Geneva. His body was brought back to England and buried in
the graveyard of Acton Parish Church in London.
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2.6 The Continuing Influence of Ralph M. Waters
on Education in Anesthesiology

L. E. Morris

Recently qualified anesthetists have insufficient know-
ledge of history to recognize either the extent of remark-
able change which has occurred over the past several
decades or the magnitude of indebtedness owed to those
through whose efforts our present professional position
has been secured. The current generation is able to prac-
tice modern anesthesiology in all its aspects in relative
comfort because of the background of effort, the scien-
tific advances, struggles, and successes of prior years.
Every decade has had its special problems, triumphs, and
frustrations; its leaders who rose to the occasion of new
challenges; its builders who laid the foundation for
development in succeeding generations. Of all the not-
L.E. Morris ables and luminaries associated with the rapid develop-
ment of modern anesthesiology in the first half of the
20th century the most outstanding was Ralph M. Waters, who joined the medical
faculty at the University of Wisconsin in 1927. In less than a decade his ideas and the
contributions from his department made Madison, Wisconsin the focal point of
interest in the world of anesthesia.

More than to any other single person we are all most indebted to Ralph Waters for
the impetus and direction which emanated from his vision and which continues to
affect us individually and collectively. It is my purpose here to try to provide some
insight into the extent of our indebtedness.

Consider first the background of environmental circumstances against which
Waters had developed his interest and experience of 15 years in clinical anesthesia
before coming to the University of Wisconsin. In the United States for the first 75
years after the initial demonstrations of the anesthetic effects of ether, nitrous oxide,
and chloroform, the administration and management of an anesthetic was deemed to
be an exercise for junior assistants, hardly worth notice and certainly not special study
by serious-minded physicians. With few exceptions medical students observed
anesthetics given only by technicians, did not recognize the opportunity for dynamic
study of physiology and pharmacology, and were not challenged. Surgical procedures
of the time were neither lengthy nor complicated, largely curtailed by the limitations
of casual management of the anesthetic and its consequent morbidity. Specialists were
self acclaimed and self taught. Individual techniques were often guarded as commer-
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cial secrets. No formal postgraduate hospital training had been offered in anesthesia,
and only occasionally were short “how to do it” courses available to interested
physicians. In the British medical world too, despite the fact that their anesthetics
were routinely given by physicians, the scientific correlations and the truly academic
approach were to wait for another generation.

Waters came then to Wisconsin in 1927 to fill a need for exposing medical students
to the discipline of anesthesia within their medical curriculum and to establish an
academic program for giving graduate physicians a full understanding of the basic
scientific considerations appropriate to the management of safe clinical anesthesia.
Waters became the first Professor of Anesthesia. He sought and established enduring
cooperative relationships with the basic scientists among faculty colleagues in physiol-
ogy and pharmacology. His residents, in the course of their training, were assigned to
research time in the departments of physiology and pharmacology. The first anes-
thesia residents at Wisconsin were appointed in 1928. There followed a steady flow of
eager students into a previously neglected area. Although most came from the United
States, there were others from Canada, Sweden, Mexico, Argentina, Brazil, Peru,
India, and China. Each in his own way went forth to share the infusion of knowledge
and enthusiasm received at Wisconsin. In the subsequent 20 years there were a total of
60 physicians who spent a major part of a year, or 2, or 3, or more years in the
Wisconsin environment. Many were mature individuals with prior experience in basic
science, private general practice, or other clinical disciplines. All acknowledged a
major influence upon their professional lives. Two-thirds of Waters’ residents have
devoted at least a part of their professional lives to teaching anesthesia, and more than
one-half of these have at one time or another served as chairman of a teaching
department or as organizer and director of the teaching program in a medical school.

A review of the professional genealogy of anesthesiology reveals the startling fact
that hundreds of academicians throughout the world and more than 80 departmental
chairmen in medical schools in the United States alone have been of the Waters’
lineage. Those of his students fortunate enough to establish working liaison with
sympathetic basic scientists were able to organize teams that were productive in
gathering new knowledge and successful in stimulating individuals who became
subsequent leaders in teaching centers. Others among Waters’ students who were less
forceful or perhaps in a less fortunate academic climate had to content themselves
with satisfying regional needs by providing physicians well trained in the sophisticated
management and care of patients during clinical anesthesia.

The Waters’ influence worked in many ways. Numerous visitors came to see and
learn about the organization of a department for the teaching of physicians in the
specialty of anesthesia and then returned home to emulate the model. Foreign visitors
included, among others, Michael Nosworthy, Robert R. Macintosh, Olive Jones, and
Gar Pask from the United Kingdom, as well as the Australian pioneers, Gilbert
Troop, Gilbert Brown, Geoffrey Kaye, Stuart Marshall, and Harry Daly.

Some visitors indeed saw only techniques, but others caught the enthusiasm of our
teacher and set up centers that equaled or outshone the model. Other individuals
came for short visits and often stayed beyond their original intent. The most notable
short-term visitor was E. A. Rovenstine, who came for 3 weeks and stayed as both
student and staff member for 5 years before going to New York University to establish
the prestigious anesthesia center at Bellevue Hospital. Waters helped to insure the
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success of this project by sharing his own staff and students for various periods of
assignment at the new center. Allin all, no less than six physicians from the Wisconsin
program participated in the early phases of the establishment of the new department
in New York City. Ivan Taylor, Perry Volpitto, and Burt Herschenson were each at
Bellevue for up to a year, while Hathaway and Duncan Alexander went for shorter
periods. Virginia Apgar and Austin Lamont each came later. It is interesting that as
new teaching programs were established, in some instances professional descendants
were sent home for a visit with “grandpa” as “exchange residents” at Madison (e.g.
Etsten from Alexander’s program at Albany and Harmel from Lamont’s program at
Johns Hopkins).

Some Wisconsin medical students exposed to the Waters’ charm and quiet
dynamics found themselves drawn inexorably back into the specialty after viewing the
sharp contrasts of less sophisticated management of anesthesia as they had observed
elsewhere during internship and further postgraduate studies. An example of this is
Harold Bishop, a Wisconsin graduate in 1933. After an internship, he continued as a
resident in anesthesia at the Philadelphia General Hospital, which was then temporar-
ily staffed in anesthesia by Waters’ residents Neff and Stiles. In later years Harold
Bishop became a professor and chairman at the New York Medical College, and
numbered among his students is Hamilton Davis, who subsequently became depart-
ment chairman at the University of California, Davis, California.

In later generations, trainees have often extended their education beyond the
clinical anesthesia residency to prepare themselves for leadership positions. For
instance, Evan Frederickson and Joseph White, residents in Stuart Cullen’s program,
were among the half-dozen who earned a masters degree while exploring various
aspects of research with me in the pharmacology laboratories at the University of
Iowa. Frederickson and White also went to Seattle on the staff of the University of
Washington before their own appointments as Professor and Chairman in depart-
ments at the University of Kansas and the University of Oklahoma. Similarly there
have been those who have “topped up” their education by following clinical residency
experience elsewhere with a fellowship or staff appointment at one of the subsequent
dominant centers in Pennsylvania, New York, or California.

There is a further fact which is evidence of the continuing influence of Waters and
his students. All of the first four United States NIH grants for training in anesthesia
research were awarded to institutions where anesthesia was headed by first- and
second-generation Waters’ students. These were Morris in Seattle, Dripps in
Philadelphia, Papper in New York, and Cullen in San Francisco.

Many contributions to the progress of anesthesiology were associated with the
name of Waters and the University of Wisconsin, including:

1. Development and refinement of the closed system for carbon dioxide absorption
2. The consequent introduction of the gaseous anesthetic cyclopropane to be clini-
cally used in the closed system

Cuffed endotracheal tubes

Controlled respiration

Endobronchial anesthesia

Various important modifications of anesthesia equipment
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However, in historical perspective, Dr. Waters will be remembered most of all as a
medical educator. As he came to Wisconsin it was his avowed purpose “to teach
doctors to go out and teach other doctors” a professional approach to anesthesia, and
in this intention he has been proved eminently successful. Dr. Waters was a vigorous
but modest man, imbued with integrity, common sense and an ability to project his
enthusiasm, thereby stimulating his associates to think and contribute. Through his
students and subsequently through the teaching by those students of their students a
major influence has been exerted.

Waters and his students plowed new ground. They brought a concern for considera-
tion of fundamentals which improved their care of individual patients during anes-
thesia and lowered morbidity. Open review and discussion of clinical problems was
initiated. We now call these morbidity and mortality conferences. They sought and
found the foundations of our specialty in the basic sciences from which and in
partnership with which we continue to progress.

Waters’ residents (“the droplets”) demonstrated a remarkable cohesiveness in
devotion and loyalty to their teacher, returning annually as Aqualumni for an Easter
scientific meeting and for reinfusion of the Wisconsin spirit. Ralph Waters set the
stage and trained the directors and producers; they in turn selected the players, whose
talents and contributions have been widely recognized by the current generation.



2.7 The Influence of Ralph M. Waters on the
Development of Anaesthesiology in Sweden*

T. Gordh

During the 1930s the Swedish surgeons who travelled abroad to the United Kingdom
and the United States came home very impressed by the anaesthetic techniques
developed in those countries, where anaesthesiology was already a recognized spe-
cialty in medicine. Visiting surgeons from those countries were of the opinion that
Swedish surgery was good, but anaesthesia bad. The surgeons gave spinal and
regional anaesthesia, and the general anaesthesia was handled by the youngest
assistants, nurses or even attendants. The situation was roughly similar all over
Europe.

The chief surgeon at the University Clinic of Serafimer Hospital in Stockholm,
Prof. Gustav Sdderlund, saw the advantage of anaesthesia as a medical specialty. At
that time (1938) I was the youngest of his surgical residents and, as such, was
delegated to handle anaesthesia for his operations without knowing much about it.
Professor Séderlund wanted to improve the situation, and I was asked if I was
interested in devoting myself to this new specialty. To protect my surgical ambitions I
promised to “think it over”.

In the summer of that year the famous British anaesthesiologist Michael Nosworthy
came to Stockholm and I made an appointment to talk with him. On the way to
Nosworthy’s hotel I crashed my 10-year-old Packard Roadster with bad mechanical
brakes into a truck. This day ended both the car and my surgical ambitions, for after
the interview with Nosworthy, in which the whole story of the rapidly developing
specialty of anaesthesiology was presented, I realized the tardiness of the country and
the necessity of its advancement to be in the forefront in anaesthesiology, as it was in
other aspects of medical specialties.

Nosworthy, whom I consider my godfather in anaesthesiology, was a friend of
Ralph M. Waters and very promptly arranged for me to become a member of
Professor Waters’ department at Madison, Wisconsin, where I arrived in October
1938 (Fig. 1). It was typical that Dr. Waters himself met me at the railway station and
arranged accommodation within the hospital; I became a junior resident with U.S. $
25 a month plus free food, lodging and laundry. I started from scratch and, from my
earlier experience, I soon found that I had arrived at the real Mecca of modern
anaesthesiology. It was hard work, but my enthusiasm and interest in the new
specialty became all consuming.

* Ralph Waters Award Lecture, Chicago, 7 May 1982
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Fig. 1. Ralph M. Waters

I realized the importance of the basic principles for safe anaesthesia adopted at
Waters’ clinic which were unknown in Sweden. Ralph Waters formulated the design
for a modern anaesthesia department, with emphasis on patient care, teaching and
research. He was the first to establish anaesthesiology on a scientific basis to create a
medical art and specialty from what earlier had been mainly a practical, clinical and
technical art. Typical of the man was his statement at the inauguration in 1933 of the
independent department of anaesthesiology at Madison, the first in the United States:

It is the aim of the Department of Anaesthesia at Wisconsin to serve as an interpreter of the
pharmacologic, biochemical and physiological information as well as to apply such knowledge to safe
pain relief for patients to the aid and improvement of modern surgical technique, to better education
of medical students and graduates and perhaps to the development of a little better anaesthetic
procedure.

Waters had a vision of anaesthesia different from those who had preceded him. He
saw the necessity of applying the principles of laboratory research to the practical
solution of clinical problems. He established the first residency training programme in
the United States, which combined instruction in the basic sciences in relation to
anaesthesia with instruction in clinical practice. I was lucky to belong to the first
generation of professional anaesthesiologists trained by Waters. His pupils were
called “droplets”, and the group “Aqualumni” was formed in 1937. As was stated in
the constitution, “The sentiments of loyalty to, and affection for our chief, Dr.
Waters, have prompted the organization of this group.” Aqualumni worked like a
travel club and met every Easter in Madison with scientific sessions and social
programme. An Aqualumni Newsletter was distributed twice a year, with letters from
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the chief and the members containing social and scientific news. I even received these
Newsletters during the war, and they were very valuable to me, isolated as we were.

Here are some examples of Watersiana. Dr. Waters: “I don’t pour knowledge in
your brain with a funnel. I draw it out of you. The word education comes from the
Latin word educatus, which means draw up.” Dr. Waters kept the standard of English
language high, and at the staff meetings there was always a censor appointed to
criticize the language. If someone said, “the surgeon went into the abdomen”, Dr.
Waters rang his bell. If a surgeon asked an assistant to pull up his uterus, Dr. Waters
said, “It is not your uterus. Say ‘Pull up the uterus’”. Dr. Waters was once asked if he
had a well-unified department. He answered, “I have 12 departments, myself and 11
residents with their own minds.” I remember Dr. Waters had a heavy book on
physiology, which he did not like very much. He said that the best use of the book was
to demonstrate the Hering—Breuer reflex in the laboratory by placing it on the dog’s
chest or abdomen.

Dr. Waters was a generous and wise man with common sense. He was also ahead of
his time. In 1933 he wrote in the Journal of the American Dental Association about
procaine toxicity [1]:

When the reaction is severe: to restore and maintain oxygen in the cells of the body is of the utmost
necessity. Artificial respiration immediately with or without oxygen, is the one life-saving procedure.
Time is the important element. If to inflate the lungs with pure oxygen, means stepping across the
office to reach an oxygen cylinder, omit the oxygen and blow your own expired air directly into the
patient’s nose or mouth. Do this regularly and persistently, in the meantime lowering the head of the
patient. Be sure that the patient’s chest is actually inflated each time you blow. If the patient is in a
convulsion, it may be difficult to inflate the chest. Do not go for added supplies or aid. Intravenous
barbituric acid would doubtless stop the convulsion, provided the injection could be made by a helper.
Direct mouth to mouth, or mouth to nose artificial respiration is always instantly available. Attention
to this fact will save most if not all patients in the case of procaine poisoning.

This was the year 1933!

After my stay in Madison, where general anaesthesia dominated, Dr. Waters
advised me and helped me with introductions to visit other anaesthesia centres in the
United States. I went to Ralph Knight in Minneapolis and to the Mayo Clinic, where I
saw John Lundy and his staff, with R. C. Adams, E. B. Tuohy and T. H. Seldon, doing
sacral and epidural anaesthesia. There I met a surgeon, Leonard Stalker, who had
arranged a round trip looking for a place to settle down and he asked me to come
along. We went by railway through the country: Kansas City, Oklahoma City, Dallas,
Houston, Austin, Phoenix, San Diego, Los Angeles and San Francisco. There were
great opportunities at that time. In Dallas, for instance, there was only one anaesthet-
ist, an older obstetrician, who had switched over to anaesthesia. In Los Angeles I met
Arthur Guedel and Charley McCuskey. My surgical friend eventually settled down in
Rochester, New York. I also visited leading departments on the east coast, made
many friends and learned a lot, especially about spinal anaesthesia. I recall the names:
Paul Wood, Lewis Wright, Philip Woodbridge, Henry Ruth, Ralph Tovel, Urban
Eversole, Leo Hand and of course Emery Rovenstine and Virginia Apgar. They all
gave me valuable information and advice.

In March 1940 I left for Sweden on the M. S. Drottningholm, which had a special
permit to sail during the war. I received these telegrams as a token of great friendship
and encouragement in my new task when I left New York: “Best wishes for a pleasant
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trip from your friends at Bellevue. Come again. Department of anaesthesia.”
“Waters’ droplets send fond au revoir. Good sailing. Best fortune to you and Swedish
anaesthesia. Vice presidents.” We had a club of four members of the department
where we were all vice presidents. Harvey Slocum, who owned a car, was VP in
transportation, Digby Leigh in entertainment and Barney Sircar in housekeeping, as
he had a room at the University Club. I was VP in cuisine and provided Swedish food
and aquavit. So we had some fun too, besides the hard work.

Om 8 April 1940, the day before the German invasion of Norway and Denmark,
I arrived, 32 years old, back in Sweden to assume the first position of a professional
anaesthesiologist in the nation—actually on the European continent—created at the
newly established University Clinic of Karolinska Hospital in Stockholm. In the
luggage I brought a Foregger anaesthesia machine, layringoscope, Waters’ soda-lime
canister and airways, endotracheal tubes and a bottle of the cream of American
anaesthesiology, vintage 1940. I followed Dr. Waters’ advice when introducing a new
specialty: first, the patient’s needs with emphasis on safety and freedom from pain;
second, the teaching; third, the research. Today we are able to start with all of these
features, thanks to our pioneers. I found that the most pressing need was to raise the
general standard of anaesthesia throughout the country by teaching doctors, students
and nurses the fundamentals I had learned from Dr. Waters. This era was filled by
propaganda in articles, by lectures and travelling. My first publication had the
characteristic title: “The free airway”. I showed the importance of modern anaes-
thesia by results, .g. diminished surgical mortality. The most dramatic and important
changes towards lower surgical mortality were technically simple and inexpensive,
such as premedication with morphine-scopolamine; anaesthesia records; recognition
of anaesthesia signs and stages; free airway by Waters’ airway, nasal tube or intuba-
tion; fluid balance; oxygen and lowering the head end in resuscitation, together with
careful personal supervision - see, hear or feel every breath. The monitors were your
eyes, hands and brain. These were the basic ingredients of safe anaesthesia for all,
adopted from Waters’ clinic. To these have gradually been added new agents, new
methods and more complicated and expensive techniques — the last, in my opinion,
with only marginal benefit in mortality of general surgery. I thought my time spent in
Madison was so valuable that I sent my first assistants to that Mecca after basic
training. After the war, in 1945, it was Olle Friberg. He became a clever clinical
anaesthesiologist at Sabbatsbergs Hospital in Stockholm, where the Swedish pioneer
in thoracic surgery, Clarence Crauford, did the first human pneumonectomy in the
world and later the first operation for treatment of coarctation of aorta. Eric Nilsson
later became Professor of Anaesthesiology at the University of Lund and wrote his
thesis in 1951 on the treatment of barbituric acid poisoning, the Scandinavian method,
which became a classic [2]. He also introduced neuroleptanaesthesia in Sweden. Carl
Gustav Dhunér became Chief of the Department of Anaesthesia at the University of
Gothenburg and was a good clinical worker, with regional anaesthesia as his special
interest. His thesis came rather late, in 1972, entitled “Mepivacaine and vasoconstric-
tors in regional anaesthesia” [3].

My own thesis about circulatory and respiratory changes during ether and intraven-
ous anaesthesia was published in 1945 and dedicated to Dr. Waters and to the other
men who had made me interested in anaesthesia [4]. A detail in this study might be of
interest for this report. It concerns the provocation of the Hering—Breuer reflex in
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deep ether and deep intravenous anaesthesia in man by inflation of the lungs. The
reflex cannot be provoked in ether anaesthesia, which I found to act as a functional
central vagotomy, while in intravenous anaesthesia an accentuated Hering—Breuer
reflex was observed as a vagal apnoea. In the experimental animal the vagal apnoea is
abolished after bilateral vagotomy, and the situation equals that in ether anaesthesia.
If Hering and Breuer in 1868 had used ether or chloroform anaesthesia in their dogs
instead of morphine, their classic reflex would possibly not have been discovered. In
1955, Olaf Norlander completed his thesis on total hemoglobin, blood volume and
circulatory changes in surgical patients [5].

Dr. Tatum, Professor in Pharmacology at the University of Wisconsin, and Dr.
Waters stated that the barbiturates appear functionally to decerebrate the animal
without seriously impairing the vital medullary centres. This view I experimentally
verified in my thesis. I showed a comparison between deep intravenous anaesthesia in
the rabbit and pontile decerebration in the intact animal. In both experiments exactly
the same effect on respiratory activity was obtained by the following procedures.
Head-up tilt of 30° caused immediate vagal apnoea by expansion of the lungs through
the traction of the viscera on the diaphragm. In this position spontaneous respiration
was restored by compression of the abdomen or the chest (remember Waters’ experi-
ment with the book) or 30° head-down tilt. All these procedures decreased the lung
expansion with less mechanical stimulation of the vagal receptors in the alveoli. This
effect of barbiturates as a functional decerebration in the midbrain compared with the
anatomical one might explain their fitness for use against convulsions caused by toxic
cortical reactions to local anaesthetics — a treatment I first learned from Dr. Waters.
These academic theses and many other research projects by the Swedish pioneers may
have been initiated during their work in Waters’ clinic and are in fact a scientific
follow-up of his clinical experiences and observations. He gave us ideas, and anaes-
thesiology was still a virgin field for scientific research.

We corresponded regularly, and during the first years of establishing the specialty I
appreciated both his criticism and encouragement. This is an excerpt from a letter
written in 1948:

Your worries about shortage of capable men in Sweden is similar to ours in this country. We are still
way behind and it just can’t be helped at once in either country. Time and hard work is the only
remedy. I believe the mistake we made here was in failing to pay enough attention to the medical
students before they graduate. If well founded before they leave Medical School, many of them can be
most useful as part time anesthetists wherever they are. However, let me assure you all four that the
increase in numbers occurs much more rapidly as time goes on and more teachers begin to function.
With the four of you functioning you will be surprised how soon you will catch up in a country as small
as Sweden. Not so many years ago 75 was good attendance at a meeting of anesthetists here. This fall it
was over 900 and next year it will be over a thousand, I don’t doubt.

He was right, and the fast development of chief positions in anaesthesiology was a
sign of the need for the specialty at Swedish hospitals. The rapid growth of anaes-
thesiology was also stimulated by the Board of National Health and Welfare through
its gradually accepted policy that all hospitals which admit acute cases should include
at least the four departments of surgery, internal medicine, radiology and anaes-
thesiology. The growth of the specialty was given further stimulus by the activities of
anaesthesiologists in resuscitation and intensive care units.

In 1947 Dr. Waters became the first honorary member in the Swedish Society of
Anaesthesiologists, and in the same year he received the Order of Wasa from King
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Gustav V of Sweden as an appreciation of his contribution to the development of
anaesthesiology in Sweden. Both he and the University appreciated the distinction.

Dr. Waters visited Sweden once, in 1950, when he was a teacher at the World
Health Organization anaesthesia course in Copenhagen. He died on 19 December
1979, at the age of 96, at his home in Orlando, Florida. I had visited him there several
times, including the occasion of his 90th birthday. The last picture I know of was taken
in 1978, when Alon Winnie and I paid him a visit. There are three generations of
anaesthesiologists. In his obituary I wrote: “Ralph Waters was one of the great
pioneers in anaesthesiology and a highly appreciated teacher and scholar. I hope that
his spirit, with its wisdom and common sense will remain in and continue to guide
Swedish anaesthesiology.”

Dr. Waters trained about 60 residents, who went on to become chairmen of their
own university departments of anaesthesia and to preach and practice the Waters’
gospel of professionalism in academic anaesthesiology. They were from many coun-
tries, and he always set out the United Nations flag when they visited him. I am sure
every one will agree with me: Ralph Waters’ influence on the sound development of
modern anaesthesiology was unique, profound and worldwide.
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2.8 John S. Lundy:
Father of Intravenous Anesthesia

G. Corssen

Atnoon on 23 October 1957, Dr. John Lundy was driving
east on 6th Street Southwest in Rochester, Minnesota.
At Broadway he attempted to turn left onto Broadway
when his ancient and dilapidated automobile was
demolished - almost obliterated - by the car of a Stewart-
ville man proceeding south on Broadway. Dr. Lundy
picked himself up off the pavement with an assortment of
well-chosen remarks, walked to a filling station across
from the scene, sat down on a bench in front of the place,
and proceeded energetically to outline specific details as
to where he was to be taken, what was to be done for him,
who was to see him, and who was to be notified.

When a police officer called Dr. Seldon to tell him
about the accident and to inquire about Dr. Lundy’s
condition, Dr. Seldon became alarmed and called St.
Mary’s Hospital at once. He talked to an elderly sister in charge of the floor on which
Dr. Lundy’s room was situated. She broke out into tearful lamentations and exclama-
tions of dismay. “Oh”, she said sadly, “if you can find him for us, would you please call
us at once? He got up, put on his clothes and simply vanished.” Dr. Seldon located Dr.
Lundy at his residence. He had complete amnesia for the incident. He said he could
recall nothing except that he had been driving his decrepit automobile, had awakened
in St. Mary’s Hospital, did not know why he was there, concluded that there was no
reason for him to be there, and so he had gone home, for he was a busy man.

Life for this productive man began in North Dakota in 1894. He graduated in
medicine from Rush Medical College in Chicago. Dr. Lundy became head of the
Department of Anesthesiology of the Mayo Clinic in Rochester, Minnesota in 1924.
Before his retirement from the Mayo Clinic in 1959, he was a pioneer in graduate
training of young physicians in the field of anesthesiology and was a founder of the
American Board of Anesthesiology in 1937, serving as its president until 1942. Dr.
Lundy’s contributions to medicine and anesthesiology are manifold. He contributed
more than 600 papers to the anesthesiology literature and was the author of the
monograph Clinical Anesthesia [1], which was the first authoritative volume in the
field.

1t is little known, even among anesthesiologists, that John Lundy introduced the
concept of “balanced anesthesia“. In an article which appeared in 1926 in the Min-
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nesota Medical Journal he focused on the need for utmost safety in anesthesia practice
and argued successfully in favor of simultaneously administering various anesthetic
agents, each at its optimal capacity, thereby avoiding overdose with one single
anesthetic agent [2]. He compared balanced anesthesia with a balanced food diet in
which one avoids too much of one type of food, thereby reducing the possibility of
indigestion and other intestinal problems. Lundy’s concept of balanced anesthesia has
since been accepted throughout the world as one of the safest and most effective
approaches to pain relief during surgery.

Most physicians are also unaware that John Lundy established the first blood bank
in the United States in 1935 and that in 1942 he opened the first postanesthesia
recovery room at St. Mary’s Hospital in Rochester, Minnesota. What is common
knowledge, however, at least among anesthesiologists everywhere, is that Dr. Lundy
introduced sodium pentothal into clinical anesthesia. Following the synthesis of
thiopental by Tabern and Volviler, Dr. Lundy directed the first clinical trials with this
ultra-short-acting barbiturate in 1934 at the Mayo Clinic and published in 1936
preliminary human pharmacologic studies and early clinical experience with the agent
[3]. Earlier clinical investigation with the use of sodium amytal and subsequently with
pentobarbital had satisfied Dr. Lundy with regard to their usefulness as anesthesia
induction agents. However, it was the prolonged duration of action of these agents
which proved to be a drawback and did not appear to warrant continuous use as
surgical anesthetics.

Dr. Lundy published his clinical experience with intravenously administered pen-
tothal in 2,207 patients in the December, 1936 volume of the American Journal of
Surgery [4]. He proposed for the average adult a dosage of 15 ml of 5% solution of
pentothal, a total of 750 mg, and recommended the injection of this dose over a period
of 15 min. Being fully aware of the respiratory depressant action of pentothal, he
described a simple device for the detection of respiratory impairment or apneea
induced by too rapid injection of pentothal. He fastened a fluffy piece of cotton to the
upper lip of the patient, using a narrow piece of adhesive tape and injected pentothal
intravenously, slowly enough so that the motion of the cotton did not stop. This
ingenious tool, referred to as Lundy’s butterfly, is still widely used by nurse anesthet-
ists throughout the United States.

After his retirement from the Mayo Clinic, Dr. Lundy moved to Chicago and joined
Northwestern University School of Medicine as Associate Professor of Surgery and
Anesthesiology. In 1964 he returned to Seattle, Washington to continue practice as a
consultant anesthesiologist. It was during these years that he established a highly
sophisticated and complete library on intravenous anesthesia, which was housed in
the basement of the apartment building in which he occupied a spacious and comfort-
able flat. When he was not administering anesthetics in the Seattle area, Dr. Lundy
enjoyed being in the library and assisting visitors to find their way through the many
documents reflecting the history of intravenous anesthesia.

Anesthesiologists are many things, but one thing they are not is dull. Dr. Lundy
proved this to me personally when early in the spring of 1970 I arrived in Seattle for the
first time. I had just completed writing the first chapters of a book on intravenous
anesthesia and it was my hope to gather more information about some of the historical
aspects of intravenous anesthesia and, in particular, to learn about the role which
John Lundy had played in connection with the introduction of sodium thiopental into
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clinical anesthesia 30 years before Dr. Lundy personally answered the bell and, after I
had briefly explained who I was and what I intended to do, he invited me to join him
for breakfast, which he swiftly prepared while asking me questions regarding my plans
to write the monograph on intravenous anesthesia. Naturally, he referred to the
classic book on intravenous anesthesia written by Chas Adams [5] while he was an
associate of Dr. Lundy in the Department of Anesthesiology at the Mayo Clinic.
Dr. Lundy almost casually mentioned that his associate had devoted the best part of a
lifetime to completing the book and had died shortly after it had appeared in the
libraries all over the world. With a peculiar sense of humor he expressed his hope that
I would live at least a few more years after finishing my book in order to respond to
critics more and foes who might question its value and significance.

What followed this informal and most friendly first encounter with John Lundy was
truly a unique experience for me. He asked me how much time I had set aside for
studying in the library and when I told him that I intended to stay for several days he
seemed pleased. He offered to be with me all day or at least as long as I could stand
him. He then gave me a complete tour through the various sections of the library and I
could not help but be fascinated by his brilliant and keen sense, and the genuine
enthusiasm with which this giant of modern anesthesia talked about the history of
accomplishments in intravenous anesthesia.

On subsequent visits during the ensuing years and on two occasions when he was
visiting professor to the University of Alabama School of Medicine, Birmingham I
continued to be fascinated by Dr. Lundy’s sharp mind and, above all, his never-ending
desire to instill into everybody listening to him some of his vast knowledge in medicine
and, in particular, anesthesiology. What struck me most was his “matter-of-fact”
attitude. It became clear to me that he preferred showing by example rather than
involving himself in lengthy, complicated, and potentially confusing discussions.

Dr. George Hallenbeck, Chief of Gastroenterological Surgery at the Mayo Clinic,
with whom I had the pleasure of being associated for a number of years in Birming-
ham, Alabama, tells the story of when he, together with a young pediatric fellow in
surgery, were trying to place a needle in the vein of an infant who needed intravenous
feeding. After a number of attempts, Dr. Hallenbeck decided to call Dr. Lundy. He
came, found the vein and placed the needle in an instant, walked out, and strode down
the corridor toward the operating rooms. The pediatric fellow was irritated by this
virtuoso performance and resolved to unhorse Dr. Lundy’s serene composure. He ran
to the door and shouted down the corridor, “Dr. Lundy, the solution is not running
into the vein.” Dr. Lundy continued his measured pace down the corridor but half-
turned his face and over his shoulder said, “Open the clamp and it will.“
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2.9 Development of the Apgar Score

S. Harrison Calmes

One contribution of American anesthesia is important for other specialties also. The
Apgar Score, for evaluation of the transition of the newborn baby to extrauterine life,
is used by both obstetrics and pediatrics as well as anesthesiology. I investigated the
development of the Apgar score as part of a larger project on Virginia Apgar’s life.
For this study, I recorded oral history interviews with nine of her colleagues and
reviewed archival material at Mount Holyoke College, South Hadley, Massachusetts.

The Apgar Score was the result of the interaction of several factors: Apgar’s
situation as a woman in the male medical world, the development of new technology,
and the arrival of important personnel at Columbia. Probably the most important
factor was that Virginia Apgar was a woman. She had wanted to be a surgeon after
graduation from Columbia University’s College of Physicians and Surgeons in 1933.
She won a surgical internship at Columbia, and she performed brilliantly. However
Dr. Alan Whipple, Chairman of the Surgery Department, discouraged her from
becoming a surgeon and argued that she should enter anesthesia instead. The four
other women surgeons that Whipple had trained had not been able to become
financially successful, because of patients’ attitudes towards woman surgeons and
because of inability to get further training. Whipple also felt strongly that anesthesia
needed more physician involvement. Most anesthesia in America at that time was
given by nurse anesthetists who were excellent technicians. Whipple felt, however,
that technical skill was not enough and that surgery could not progress unless anes-
thesia was improved [1]. Apgar was nearly US $ 4000 in debt from her medical school
expenses [2] and it was the middle of America’s Great Depression. She accepted
Whipple’s advice and entered anesthesia.

Her anesthesia training was first with the nurse anesthetists at Columbia. This was
for 1 year [1]. Then she spent 6 months with Ralph Waters at Madison, Wisconsin and
another 6 months at Bellevue Hospital, New York with Ernest Rovenstine [3]. She
returned to Columbia in 1938 as Director of the Division of Anesthesia under the
Department of Surgery [4]. She proceeded to develop a strong Division, although it
was an uphill battle. She began medical student teaching, began residency training,
phased out the nurse anesthetists, introduced all the new agents and techniques as
they became available, and expanded the Division’s activities outside the operating
rooms (see Table 1).

These achievements were in spite of enormous problems. There was great difficulty
in recruitment. Anesthesia was thought to be a nurse’s job, and it was difficult to
attract bright physicians, especially males. There was an overwhelming work load,

Anaesthesia — Essays on Its History

Edited by Joseph Rupreht, Marius Jan van Lieburg
John Alfred Lee, Wilhelm Erdmann

© Springer-Verlag Berlin Heidelberg 1985



46 S. Harrison Calmes

Table 1. Characteristics of anesthesia practice at Columbia, 1938-1946*

1938 1939 1940 1941 1942 1943 1944 1945 1946
Agents used NA Ether NA NA Ether  Ether  Ether NA NA

most often N,O TP TP TP
(in order of Avertin N0 N,O N0
frequency)
Endotracheal =~ NA 232 531 616 822
tubes placed
Spinals NA 166 731 547 387
Comments Punch Cyclo  Con- Con- Curare Nerve  Take over
cards explosion ductive ductive  first block  care of
begin rubber  floors  used clinic  patients
available installed with res-
piratory
depres-
sion
Ether Cyclo  Firstuse Allcon- Cyclo More  More use
explosion aban-  of TPin ductive used cyclo  of TPas
doned  obstetrics rubber  twice used induction
now Ether agent
noncon- fire
ductive

NA, not available; TP, thiopental (pentothal); Cyclo, cyclopropane; N,O, nitrous oxide

* Data is taken from Apgar’s Annual Reports of the Division of Anesthesia. Not available for every
year.

especially during World War II. Some of the surgeons, who were used to ordering the
nurse anesthetists around, would not accept physician-anesthesiologists. She had
difficulty getting inadequate compensation and even being able to charge fees!

In 1948, the move for a separate Department of Anesthesia, not just a Division
under the Department of Surgery, was begun. Some said that because she was a
woman she would not be considered for the departmental chairmanship [5] (R. Pat-
terson 1980, personal communication). Others said she disliked administration and
was glad to be freed from it [1,6]. Many of the administrative difficulties which led her
to dislike administration were due to the fact that she was female. No matter what the
exact cause, Emmanuel Papper, one of the few research trained anesthesiologists,
was brought in to be Chairman of a separate Department of Anesthesia in 1949.

Apgar moved then into obstetric anesthesia. Freed from the time-consuming hassle
of administration, this was where she made her greatest contributions. At that time,
this was quite a neglected area, and she developed a teaching program. Residents
were now required to rotate on obstetric anesthesia for 2 months. Two of these
residents, Sol Shnider and Frank Moya, went on to become the leaders in obstetric
anesthesia research and training. She expanded the agents and techniques available.
However, general anesthesia was still given by mask. The risk of aspiration in
pregnant patients was still not fully recognized [7,8].
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Probably her greatest achievement was the development of the Apgar Score. The
idea for this came in 1949. Each day, the Columbia anesthesiologists ate breakfast
together in the hospital cafeteria. One day, a medical student said something about
the need to evaluate the newborn. Apgar said, “That’s easy! You’d do it this way.
She picked up the nearest piece of paper, which was the sign that said, “Please bus
your own trays“, and wrote down the five points of the Apgar Score. She then dashed
off to obstetrics to try it out (R. Patterson 1980, personal communication). It was first
presented at a meeting in 1952 and was published in 1953 [9]. There was some
resistance initially, but the Score was accepted and is now used throughout the world.

The importance of the Score was that the newborn baby could now be observedina
standard way which looked at more than one sign. She at first planned the Score to be
done 1 min after birth so that it would be a guide to the need for resuscitation. She had
to emphasize that physicians should not wait the entire 1 min to complete the Score
before resuscitating an obviously depressed baby [10]. Others started measuring the
Score at longer intervals after birth to evaluate how the baby responded to resuscita-
tion, if that was necessary. Eventually, the 1-min and 5-min Apgar Scores became
standard. Acceptance of the 5-min Score came when it was found to be a predictor of
mortality in the neonatal period and also of future neurologic development [11].

Using the Score as a method of standard evaluation, she then went on to relate it to
the baby’s acid-base status and to maternal anesthetics. She was aided in this by the
arrival of important personnel and the development of new technology. L. Stanley
James, a pediatrician from New Zealand, had met Apgar soon after his arrival in the
United States, because of his interest in infant resuscitation. After finishing a pediat-
ric residency at Bellevue Hospital, New York, he went to work for her as a research
assistant in 1955. He had a background in cardiology and had technical knowledge.
These became his contributions to the projects [12]. The other important person was
Duncan Holaday, who had trained in anesthesia and who then did research at Johns
Hopkins. Apgar recruited him, and he arrived at Columbia in 1950. For their projects,
he developed a nitrogen washout technique for measuring cyclopropane, used the
Nadelson microgasometer to measure arterial blood gases in the presence of anesthe-
tics, and, finally, developed better pH measurements [13]. The availability of the
Astrup pH electrode in 1960 made pH measurement much easier, and the group
bought one of the first available [14].

With this personnel and the new technology, Apgar was able to demonstrate
important basic concepts. Hypoxic, acidotic babies were found to have low Apgar
Scores. Also, acidosis and hypoxia were not normal conditions at birth, as was
previously thought. These conditions should be treated [14]. They investigated the
effects of maternal anesthetics on the baby. They found cyclopropane to be more
depressant than other agents, and consequently its use in obstetrics decreased mar-
kedly [12,15]. Finally, the Collaborative Project, a 12-institution study involving
17221 babies, established that the Apgar Score, especially the 5-min Score, was a
predictor of neonatal survival and of future neurologic development. This was pub-
lished in 1964 [12,17].

Apgar, a woman, couldn’t be a surgeon so she entered anesthesiology, which
needed physicians. She couldn’t be a departmental chairman, so she entered obstetric
anesthesia, where once again there were great needs. This move freed her from
administration, and she made her greatest contributions in this area. A chance remark
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to her led to the birth of the Apgar Score in 1949 and its publication in 1953. The
arrival of Duncan Holaday and L. Stanley James at Columbia, and the development
of new technology for measuring blood gases, pH, and anesthetic blood levels, were
other contributing factors to the development of the Apgar Score. These all interacted
to give us today a most useful tool, a tool that serves as a common language between
the three specialties that care for newborns - obstetrics, pediatrics, and anes-
thesiology.
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2.10 Arthur E. Guedel (1883-1956)
R.K. Calverley

A few dedicated men forged a remarkable revolution in
anesthetic practice in North America during the first half
of the twentieth century. Arthur Guedel was a leader of
this distinguished group. His early career carried him
from practice in Indiana to service in World War I as the
“motorcycle anesthetist.” After years of dedicated ser-
vice as a teacher and investigator, he became the first
American to be awarded the Henry Hill Hickman Medal
of the Royal Society of Medicine in 1941. Following his
death his friends developed the Guedel Memorial Anes-
thesia Center in San Francisco, whose extensive collec-
tions of correspondence and personal papers provide an
intimate view of his career.
R.K. Calverley

Early Years

Arthur Guedel was born in Indiana on 13 June 1883. A persistent ability to overcome
adversity can be illustrated by two examples from his young life. Three fingers were
amputated from his right hand when he was 13, but he went on to become an
accomplished pianist and organist. As he was too poor to enter high school, Arthur
gained his education from library books with a teacher’s help. This determination was
supported by his family doctor, who arranged an exceptional admission to medical
college. His trust was well founded, for Guedel graduated with honors.

Guedel’s first experience with anesthesia came during his internship. He gave
chloroform and ether without formal training and little supervision. Determined to
learn all that he could, he began intensive studies of the literature of anesthesia and
started a life-long habit of verifying and extending the observations of other authors.
Eager to safeguard his patients, he began to correlate eye signs with anesthetic depth
in an attempt to avoid unnecessary anesthetic dosage.

Arthur Guedel began medical practice in 1909 and gained some of his first income
by providing occasional anesthetics in hospitals and dental offices. He created a
device for the self-administration of nitrous oxide, which was the subject of his first
publicationin 1912 [1]. In 1913 he began a series of lectures, including one on pediatric
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practice that introduced the phrase “steal the child”, which is still a popular induction
technique.

The Motorcycle Anesthetist

He served in France during World War I. He and his fellow anesthetists performed
heroically, but, even by working 72 h without rest after a major battle, could not
attend the thousands of wounded men needing surgical attention. Guedel developed
an anesthesia training school in Chaumont. Based on his genius for practical simplifi-
cation he instructed his students in airway management and monitoring of anesthetic
depth by his description of the signs and stages of anesthesia. To supervise anesthetic
care in several hospitals he dashed about by motorcycle.

The World War I experiences of the anesthetists of the Western Allies at base and
front-line hospitals were assembled by Dr. Frank McMechan and published in the
Year Book of Anesthesia and Analgesia 1917-18 [2]. This fascinating volume presents
many vivid accounts of the response of the anesthetist to the demands of war.
Guedel’s rapid induction closed technique for minor surgery and dressing changes was
included [3]. He devised a rubber hood with a central hole for fresh gas exchange onto
which he placed a large cotton pad. The anesthetic mixture contained 24 ml diethyl
ether, 0.5 ml chloroform and 5.5 ml ethyl chloride flavored with 0.125 ml oil of orange
to render the mixture more pleasant. The liquid was applied to the gauze and the
apparatus immediately placed over the patient’s face with the pad lifted initially to
lessen the pungency of the concentrated vapor. Each patient was rapidly induced with
ethyl chloride, after which the small amount of chloroform sustained anesthesia until
the effects of ether supervened. Guedel reported that induction was completed within
2 min, and up to 20 min of anesthesia might be achieved. The hood was lifted to allow
fresh air to enter the system during use and, if anesthesia were protracted beyond 10
min, the hood was removed and ether given by a semi-open technique. Guedel
described its repetitive application for as many as 15 consecutive days in a single
patient and reported a successful series of 2000 administrations. This primitive device
was unsophisticated, but is was the best that could be fabricated with the drugs,
resources, and personnel available.

Guedel was challenged by the special requirements of providing anesthesia in
darkened fluoroscopy suites for the removal of shrapnel. Since field avoidance was a
frequent requirement, Guedel developed a versatile technique of auscultatory control
of ether anesthesia which allowed monitoring of anesthesia continuously, even in a
darkened environment [4]. This act of improvisational genius was an extension of the
auscultatory technique of Franz Kuhn, of which Guedel was unaware at that time [5].

Years of Discovery

After demobilization Capt. Guedel returned to Indianapolis with his prewar savings
exhausted to learn that his service in France had cost him his position as an anesthetist.
Despite difficult financial circumstances, he published his classic guide to the planes of
surgical anesthesia in 1920 [6]. Even at a time when the prior observations of Snow [7]
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and Plomley [8] were forgotten, Guedel never claimed that these assessments were his
alone. As he told Albert Miller, who later extended Guedel’s observations, “I do not
feel that these stages of anesthesia are my work. They are rather the work of my
friends and mine all run together” (A.E. Guedel, personal correspondence).

Even though he was a very skilled clinical anesthetist, always ready to learn from
mistakes and failures, he realized that anesthetists must enter the laboratory to prove
clinical observations by animal and volunteer experimentation.

Guedel became a popular instructor of anesthesia at midwestern medical schools.
He was a founder of the Anesthesia Travel Club, the American Society of Anes-
thesiologists, and other societies which brought the limited number of North Ameri-
can specialists together in regular meetings. At one convention he met Ralph Waters,
who became his friend, counsellor, and confidant. Each stimulated the other. Since
they never lived in the same city, many of their discussions can be followed today
through existing correspondence. So regular and intimate were their letters that the
reader can imagine joining these two great men in their work and personal lives. On
some occasions, if all prior points of contention had been set aside, a challenge “Teach
me something!” might promote months of discussion and a research project. They
supported each other’s independent studies of the central effects of carbon dioxide
and shared interests in newer anesthetic agents. Guedel supported and edited Waters’
first papers on cyclopropane, but his own study of that anesthetic was the first
scientific report to appear in the journal Anesthesiology [9].

Their partnership is most widely remembered for the successful introduction of the
cuffed endotracheal tube [10]. Guedel initiated these studies in the basement laborat-
ory of his home. He was disturbed by the leakage of gas from uncuffed tubes and set
about creating the inflatable cuff. Guedel’s dexterous hands fashioned the first cuffs
from rubber gloves. From 1926 to 1928 he continued to experiment in a search for the
best combination of features. Every modification was the result of continuing
experimentation. Points that had to be resolved included: (1) the composition of cuff
and tube; (2) the site of the cuff above, below, or at the vocal cords; (3) the distance
the tube should extend beyound the cuff; and (4) inflation techniques and inflation
pressures.

Ralph Waters joined in the latter stages of this enterprise. Guedel first attempted to
demonstrate the safety of his technique by filling an intubated patient’s mouth with
water, but a second demonstration failed. As he wrote to Dr. Waters on 7 April 1928:
“If you try it, be sure to aspirate all the water before you remove the catheter. I left it
to an intern and he didn’t. Result, annoying laryngospasm...” In the same note
Guedel proposed the “dunked dog” demonstration. This featured an anesthetized
and intubated dog, popularly believed to be his household pet, “Airway,” who was
immersed in an aquarium at the beginning of a lecture. After the demonstration was
complete, the dog was retrieved from the water, allowed to awaken, shake himself,
and exit to the applause of the audience. His mission accomplished, “Airway”
enjoyed an honorable retirement with the Waters’ family.

After Guedel and Waters had published their first article, they remained dissatis-
fied with the tubes available in North America. When Sir Ivan Magill introduced his
mineralized red rubber tubes to North Americans in Winnipeg in 1930, Waters sent a
tube to Guedel. They endorsed it as better than any product manufactured in North
America and encouraged the introduction of Magill tubes as the best available in the
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age before plastics. They also wrote a fine review of the history of endotracheal
techniques, which saluted earlier physicians who had experimented with endotracheal
tubes and cuffs, but whose inventions had not met with the popular support that came
to Guedel and Waters [11].

Immediately before the Great Depression Guedel migrated for reasons of health to
Los Angeles, California. For many months he had few cases and little income. The
Guedel pharyngeal airway was designed in his free time and was the result of
anatomical studies combined with Guedel’s mechanical genius {12]. The Guedel
laryngoscope and other innovations came from work in his garage and laboratory. He
studied with Prof. Chauncey Leake in the laboratory of the University of California,
San Francisco, investigating divinyl ether, carbon dioxide narcosis, and ether apnea.
Guedel’s classic text Inhalation Anesthesia {3] was published in 1937 and enjoyed a
continuing international popularity for many years.

During a particularly hectic period, and without realizing the seriousness of his
situation, Guedel developed an unknowing dependence on barbiturates to secure
sleep, which then became complicated by a companion abuse of amphetamine. The
dark days passed as he showed the strength of character to overcome both addictions.
Deeply disturbed by the effects of this dangerous habit, he was earnest in his efforts to
warn other physicians of this great risk.

Teacher and Counsellor

Dr. Guedel’s last years were rich with rewards and honors, including the Henry Hill
Hickman Medal and the Distinguished Service Award of the American Society of
Anesthesiologists. Angina, arthritis, and emphysema crippled him, however, and
forced his retirement from clinical practice in 1941. For years thereafter he and his
wife showered hospitality on hundreds of professional visitors. So thorough was his
dedication to anaesthesia, that his workshop became not only the place where he
perfected cunning contrivances of plastic and metal, but a meeting place of anes-
thesiologists and residents in training. His Wednesday afternoon seminars are
remembered by many now distinguished clinicians as the high point of their instruc-
tion. Professional visitors, both great and unknown, always enjoyed warm hospitality
[4]. Private problems were resolved in his study, which was a welcome refuge for many
in times of trouble. Even in the last years, when he required supplemental oxygen
each day, he continued to visit laboratories and hospitals where he punctuated his
tours with incisive questions and helpful suggestions. His lifelong commitment
endowed every element of our specialty.

Dr. Guedel is remembered with great affection. Many appreciations have been
written by his students and distinguished colleagues, but a particularly perceptive
tribute is a sonnet by his neighbor and friend, Mrs. Tacoma Winkler Ford. She wrote
of him from the perspective of a patient:
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Arthur E. Guedel, MD

Down the forbidding corridors of pain

He moved indomitably, touching new lights
To probe their devious ways. And yet again
He came with curious gifts, born of long nights

Of wondrous wizardry. Never the mind,

The great enquiring mind, at rest — the hands

Numb to their task. Yea, though his path must wind
At length down the dark valley’s slopes, he stands

Once more in wait against the urgent need,
The clear, insistent call of the untried.
And ever, always, like an unsung creed,

His kindly wit and wisdom, side by side.
‘Who once has faced the dread hour of distress,
Harken his name with quiet gratefulness!
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2.11 Dr. Cornelis R. Ritsema van Eck:
A Many-Sided Pioneer

1.C. Dorlas

It was not until after 1945 that the shaping of anaes-
thesiology began on the Continent. In the Netherlands,
Cornelis R. Ritsema van Eck was one of the first to
introduce anaesthesia as a specialty and might be consi-
dered one of its national pioneers. Internationally also he
soon became a prominent protagonist of the new spe-
cialty.
He was born in 1905, into a family which for genera-
tions had lived in the Dutch East Indies. He studied
medicine in Utrecht and graduated in 1930, when he also
married. He trained in bacteriology and tropical hygiene
and in 1931 he produced a thesis on this subject [1]. The
family than moved to the West Indies, where Cornelis R.
J.C. Dorlas Ritsema van Eck worked as a bacteriologist and taught at

the Medical School of Paramaribo. He also trained in
surgery and gynaecology. After he had completed this training, his family moved
again in 1937, this time to the Dutch East Indies, where he served as an army surgeon.
The low standards of anaesthesia, detrimental for patients and surgeons, made him
aware of problems in this field of medicine.

During World War II he was taken prisoner by the Japanese and was transferred to
Singapore. On the way there his ship was sunk by a torpedo Ritsema van Eck was not
wounded. He reached Singapore together with the badly wounded. In the camp, he
managed to help thousands of his fellow men, many of whom still remember his
capacity for guidance, personal dedication and confidence.

After the war, the family was re-united and stayed in Singapore for some time. C.R.
Ritsema van Eck was appointed the head of the Dutch Medical Services and gained
considerable administrative and organizational experience. This served him well
when, after returning to the Netherlands, he was asked to set up a Department of
Anaesthesia for the University Hospital in Groningen (1947). He attended training
courses in London and Oxford, during which period he made many friends, partly by
being a freemason. At his Department, where he now had trainees, he started
experimental research in cooperation with the Institute of Physiology [2, 3]. The
clinical research performed at his Department made him internationally renowned
and was the beginning of modern monitoring procedures [4]. In 1954 he was
appointed as lecturer in anaesthesia at the University of Groningen [5].
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He was also engaged in the national and international promotion of anaesthesia. In
1948, the Dutch Society of Anaesthesia had been founded, and a year later C.R.
Ritsema van Eck was elected as President. As a government delegate he took part in
the preliminary discussions in London and Paris in 1950 and 1951 about the interna-
tional cooperation in anaesthesiology. For these purposes, his many professional and
social relations proved to be very useful. Several countries wanted to participate in a
new international anaesthesia society. (It must be mentioned here that Dr. H. Griffith
from Canada was strongly in favour of a World Society of Anaesthetists.) Of course,
there were many impediments to be overcome and several discussions followed. It
was decided that the founding of an international society was to take place at the first
world congress of anaesthetists.

The young Dutch Society offered to organize the first world congress in the
Netherlands, and the proposition was accepted. The task was difficult, as the Dutch
Society did not number more than 50 members at that time. After tremenduous
efforts by a small but enthusiastic group of people the First World Congress of
Anaesthesiology took place at the Kurhaus at Scheveningen from 5 to 11 September
1955 with C.R. Ritsema van Eck as Chairman and President. Her Majesty the Queen
Juliana had graciously accepted the patronage, and the Congress was opened by the
Minister of Health in the same Ridderzaal (Hall of Knights) where the Dutch Parlia-
ment meets annually on the occasion of the Queen’s speech (Fig. 1). Anaesthesiolog-

Fig. 1. Inaugural ceremony of the 1st World Congress of Anaesthesiologists on September 5, 1955,
in the Throne Hall of the House of Parliament in The Hague, The Netherlands, (courtesy of Mrs.
Van’t Oever, Rotterdam)
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ists numbering 600 from all over the world attended this Congress, at a fee of 30 Dutch
guilders. During the Congress delegates and observers from all attending countries
had several meetings, with the ultimate result that on 9 September 1955 the World
Federation of Societies of Anaesthesiologists (WFSA) was founded [6]. Dr. H.
Griffith was elected its first President and C.R. Ritsema van Eck became one of the
Vice-presidents. (The World Federation is still legally registered in Amsterdam.) This
Congress was an enormous stimulus for the development of anaesthesia, especially in
Europe.

In addition to the organizational success, Dr. Ritsema’s department was also very
productive in experimental and clinical anaesthesia. Involvement in hypothermia and
cardiac surgery was fruitful and resulted in several publications [7-12]. A respiratory
care unit was started in 1956 and the heart-lung machine was used for the first time in
Europe in Groningen in May 1957 [13-14].

During this period Dr. C.R. Ritsema van Eck travelled abroad a great deal,
accompanied by his wife. He invited trainees to travel also in order that they should
increase knowledge on special subjects and widen their views beyond the national
borders. At Groningen, the Ritsema van Eck family lived in a modest appartment,
furnished, as was customary in the Dutch East Indies of the old days, with a few wicker
and rocking chairs and numerous plants and souvenirs. Many friends enjoyed their
hospitality.

In 1959 his Department had been in existence for 127 years, and the fact was
commemorated amidst all his pupils. On that occasion he followed the old guild
tradition by founding the “Groningen Anaesthetists’ Guild”. Later, recognition of his
merits and capabilities followed (early 1960) with the appointment of a professorship
[15]. That same year the Second World Congress of Anaesthesiology took place at
Toronto, where C.R. Ritsema van Eck succeeded Dr. H. Griffith as President of the
WFSA [16]. He fulfilled his office with great ambition. Together with his wife he
attended most international congresses and other events, paid several official and
non-official visits and propagated the idea of the WESA, especially on behalf of those
anaesthesiologists who had little support from their governments. C.R. Ritsema van
Eck and his wife formed a team for the promotion of anaesthesiology all over the
world.

His Department continued to expand. A separate monitoring room was installed
next to the thoracic theatre, and in 1961 the surgical clinic was the first in the
Netherlands to be equipped with a recovery room. His wish for a separate intensive
treatment unit with the appropriate facilities was only fulfilled in 1970. The laboratory
was rebuilt into a real intensive treatment and surveillance laboratory.

Despite his great reputation, C.R. Ritsema van Eck remained a modest man
(Fig. 2). Asleader of his Department, he established general principles, but was also
precise in details. The syringes, for instance, always had to be arranged in strict order
with the needles headed in one direction. In spite of the great many new drugs and
developments, which came and went, his philosophy was rather conservative. His
basic principle in administering a safe anaesthetic was to use as few drugs as possible in
order to obtain a differentiated approach to the separate components of an anaesthe-
tic. Under the all-seeing eye of the master these simple rules were taken to heart by his
pupils, and his philosophy had many faithful followers. Even the surgical trainees
could learn from him, and many of them will remember his admonition, “Don’t wipe
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Fig. 2. C.R. Ritsema van Eck

but dab”. In other respects also he set an example which his pupils will always
remember. Patients were, in his eyes, primarily human beings who needed help and
assistance. In his daily life he devoted himself to all those who were in need of help or
roused his sympathy. He was active in the Dutch Red Cross Organization and he rose
to a very high position in freemasonry. No wonder that many honourary memberships
and other distinctions fell to his share [17]. The crowning of his career was the
nomination for Ridder in de Nederlandse Leeuw (Knight of the Dutch Lion). He
always maintained his admirable philosophy of life and met all his problems with great
wisdom.

On 23 August 1976, aged 71, this many-sided pioneer, who certainly deserves a
place in the history of anaesthesia, died [18].
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2.12 The Pioneer Anaesthetists of Australia
G. Wilson

Extensive investigation of the shipping records in 1847 has shown that the news
of anaesthesia came to Australia from England, where the first public demonstration
of pain relief took place at University College Hospital, London, on 21 December
1846.

In 1847, a passage from England to Australia of 100 days was regarded as “splen-
did”. It is also known that the first anaesthetists copied their apparatus from the
drawing in the Illustrated London News of 8 January 1847. Thus, approximately 100
days after 8 January it could be expected that the news of anaesthesia would be
published in Australian newspapers. This proved to be so, as paragraphs appeared in
the papers in several Colonies in early May. By the first week in June anaesthetics had
been administered both in New South Wales and Tasmania. This was a quite remark-
able feat. To equal it, today’s anaesthetists would have to be using a new and
revolutionary technique within 33 h of its demonstration in London. Many hours of
research have failed to answer the question as to who administered the first anaesthe-
tic in Australia, and perhaps we shall never know, but certainly there can have been
no more remote place in the world where anaesthesia was adopted with such speed.

John Belisario (Fig. 1), a dentist of Sydney, New South Wales, was the first person
documented with certainty as having administered anaesthetics. He was a remarkable
man, who was iater known affectionately as the “Father of Australian Dentistry”. His
aptitudes and methods of practice were such as to make his early use of anaesthesia a
matter of no surprise, for he had great mechanical ability and could manufacture or
adapt apparatus with ease. He was also interested in all kinds of new equipment, for
he had standing orders with firms in Great Britain and the United States for the latest
appliances to be sent to him immediately. His first anaesthetics were given in late May
or the first week of June 1847, for by 7 June, when the Editor of the Sydney Morning
Herald visited his surgery to observe the new method, one of the patients to be
anaesthetized had already received an anaesthetic on a previous occasion. Though
Belisario’s pratice was large and his day leisurely (his surgery hours were 10 a.m. to 12
noon and from 2.30 to 4 p.m.), he lost no time in advertising his new method of pain
relief.

His apparatus was constructed from the drawing in the Illustrated London News,
and for his first anaesthetics he had medical supervision and assistance from Dr.
Charles Nathan, one of the first surgeons to Sydney Hospital. Dr. Nathan’s letter to
the Editor of the Sydney Morning Herald is the only slight indication of resistance to
acceptance of anaesthesia in Australia, save the forcefully expressed opinions of the
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Editor of the Australian Medical Journal, who regarded it as a dangerous ephemeral
fad.

The title page.illustrated in Fig. 2 is that of an issue of the Australian Medical
Journal of historical importance. It contains an article describing three anaesthetics
given on 7 June, 1847 by Dr. William Russ Pugh (Fig. 3), Surgeon of Launceston,
Tasmania, then called Van Diemen’s Land. This account is unique, for it was written
by the Administrator on the same day as the anaesthetics were given, which was not
usual for the authors of the early articles in the medical journals.

For a long time I was puzzled as to why a doctor in a small settlement like
Launceston, remote even from mainland Australia, would so rapidly undertake the
administration of anaesthetics. The vessel the Lady Howden arrived at Hobart Town,
Van Diemen’s Land on 27 May, having left England on 29 January. Though Hobart
was 2 day’s coach journey from Launceston, by 7 June Pugh had distilled his ether,
constructed his apparatus and chosen his patients. It is possible that the answer to this
puzzle lies in a footnote in Dr. Frederick Cartwright’s book The English Pioneers of
Anaesthesia [1]. In the section on Henry Hill Hickman, Dr. Cartwright comments that
Hickman’s visit to France and his direct approach to King Charles X with his pamphlet
on suspended animation may have been arranged through the auspices of a favourite
artist to the French royal family, the Englishman John Glover. John Glover had

Fig. 1. Dr.John Belisario, Dentist, of Sydney, Fig, 3. Dr. William Russ Pugh, who gave the
who gave the first ether anaesthetics in first anaesthetics for surgical operations in Laun-
Australia, for dental extractions in Late May and ceston, Tasmania, on 1 June, 1847

the first week of June, 1847
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Fig. 2. Title page of the Australian Medical Journal containing an article concerning the three
anaesthetics given in 1847
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Fig. 4. St. John’s Hospital, Launceston, Tasmania, where Dr. Pugh’s anaesthetics were given on
1 June, 1847

emigrated to Tasmania and lived 5 miles (8 km) from Launceston in a house called
“Patterdale”. He and Pugh undoubtedly knew each other, for they both belonged to
the Launceston Group of the anti-transportation lobby. Perhaps Pugh had been
indoctrinated and was prepared to accept the principle of suspended animation being
produced by a gas or vapour; this would explain his early administration. His first
anaesthetics were given at St. John’s Hospital (Fig. 4), Launceston, which is today
used as a Red Cross blood bank collection centre; thus it is possible that our modern
anaesthetists in Launceston have a remote connection with Hickman.

The first anaesthetists in Melbourne, Victoria and Adelaide, South Australia were
pioneers both in anaesthesia and in the small settlements, for in 1847 Melbourne had
been established for only 12 years, and Adelaide for only 11. David John Thomas
(Fig. 5), who gave the first anaesthetic in Victoria on 6 July 1847, has left vivid
descriptions of the medical practice of the day, when a call to a country patient might
mean 12 h of horseback riding. Indeed the first patient he anaesthetized, a man with a
frightful gunshot wound, had been carried about for some 3 days on a rough cart
before a doctor was found. He must have accepted the anaesthetic with sighs of relief.
Thomas was one of the first surgeons appointed to the Melbourne Hospital and a
member of the first medical society to be founded in Australia. The paper describing
his first anaesthetic was the first to be read before this society [2]. He was also involved
in the planning of the curriculum for the Medical School of the University of Mel-
bourne and was a lecturer in the new school.
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Fig. 5. Dr.DavidJohn Thomas, who gavethe  Fig 6. Dr. Benjamin Archer Kent, who gave
first anaesthetic in Victoria on 6 July 1847 the first ether anaesthetics for surgical opera-
tions in South Australia in September 1847

Benjamin Archer Kent (Fig. 6), who gave the first anaesthetic in South Australia on
September 30 1847, combined colonization with medicine. He arrived in Adelaide, as
most settlers did, with a tent, a prefabricated house and the equipment for a brick-
making business. The block of land he purchased was next door to the hospital, which
still stands on the same site, and the area is known as Kent Town. His brick-making
business did not prosper, and with the adaptability of the early settlers he converted it
into a flour mill, which the colony lacked.

Although South Australia was the first Colony to receive the news of anaesthesia,
when the ship Lightning arrived at Port Adelaide on the 3 May 1847, the first
anaesthetic, as has been discovered, was not given until September. Kent appears to
have been awaiting the arrival of some ether vapourizers from England, for as soon as
Messrs. Beck, Importers, notified the Governor of the Colony of their availability,
the first anaesthetic was given. It is interesting that there were two machines, one of
which, even at that early stage, had an attachment for the administration of oxygen. It
was more expensive than the other, and the Governor, in usual administrative
fashion, directed that the cheaper machine be purchased for the hospital. On check-
ing, it was even more interesting to find that oxygen was available in South Australia
in 1847.

These then, were the known pioneers of anaesthesia in Australia, However,
mention should also be made of Dr. Buchanan, Medical Officer of the Australian
Agricultural Company’s settlement at Port Stephens, 120 miles (190 km) north of
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Sydney, New South Wales. Dr. Buchanan wrote a most remarkable letter, part of
which was published in the Sydney Morning Herald of 6 July 1847. In it he refers toa
previous letter of the “21st” and goes on to describe an ether anaesthetic given several
days later. He states that he had no idea of the apparatus to use and so used “an
ordinary bladder, such asis used for the administration of nitrous oxide”. What was he
doing with nitrous oxide, and did he write that letter referring to the 21st day of May,
which would make him Australia’s first anaesthetist, or was it written on 21 June, by
which time he should have known of Belisario’s apparatus? Much study has produced
a good deal of information about communications between Port Stephens and Syd-
ney, including the fact that the mails were faster in 1847 than they are today, but Dr.
Buchanan and his anaesthetic are mysteries yet unsolved.
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2.13 Anesthesia and Resuscitation Equipment
I Happened to be Involved With

H. Ruben

In 1948 the American journal Anesthesiology showed a
diagram of the Stephen-Slater nonrebreathing valve.
Unable to acquire it quickly I tried to make a copy of it.
I misinterpreted the drawing, so by chance I introduced
changes in the design, which resulted in my very first
anesthesia valve [1]. I showed that with it one could also
introduce what now is called positive end-expiratory
pressure (PEEP) [2]. Using the valve during controlled
respiration needed two hands; therefore it did not com-
ply with the demand of continuously monitoring the
pulse. So in 1952 I devised another valve [3] in which
the expiratory part was automatically closed when the
bag was compressed. It contained two springs, made
H. Ruben from watch balances and rubies, which supported its
moving shaft. This valve, which a watchmaker helped
me to make, is still manufactured with the same working principle, although its
appearance has often changed. The early AMBU valves adhered to the same func-
tional principles [4], and so did the E-valves which appeared in 1960, in which I had
substituted silicone membranes for the valve discs and the springs. More than 1
million of these valves are in use — not including copies, of which one also carried the
name “Ruben valve”.

My valve was introduced long ago — before many of today’s anesthesiologists were
born. That may be the reason for the funny reactions I have experienced when
meeting younger colleagues. Asked whether the “Ruben” of the valve was my father,
and admitting to my own paternity, I several times got the reaction: “I thought you
were dead.” Once a confused anesthetist even addressed me as Dr. Valve. I like to
confess to the personal thrill which I as a young anesthetist felt when I read the book
on thoracic anesthesia by the famous professors William W. Mushin and L. Rendell-
Baker [5]. It predicted that carbon dioxide absorption would remain essential, for
example for thoracic anaesthesia, because its absence would mean much tiresome
manipulation of spill valves. Shortly after, I proudly showed Prof. W. W. Mushin my
valve, making the statement obsolete.

When improperly used, particularly when lung compliance is low and with hesistant
bag release, backlash of gases my occur with the valve. As a result, some friends of
mine teased me by calling the early nonrebreathing valve the “Ruben rebreathing
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valve.“ They stopped doing so when a change to the silicone rubber in the valves, even
with stupidly slow bag release, practically eliminated backlash.

In April 1953 I took part in a meeting in Copenhagen of anesthesiologists and
otologists. The latter often administered anesthesia themselves for minor operations
at patients’ homes. The anesthesiologists scolded them for neither having a suction-
device nor bag-and-mask with oxygen available. The otologists pleaded that it was
impossible to carry around heavy equipment. The controversy impressed me and led
to the construction of my first resuscitator, a concertina-shaped device. This
apparatus additionally allowed for administration of anesthesia as well as for suction-
ing of secretions. I tried to convince dr. H. Hesse, the founder of AMBU-TESTA
company, that he ought to manufacture my very “useful piece of equipment.”
Unfortunately, the apparatus was very clumsy, being neither very practical for artifi-
cial respiration, nor for administering anesthesia, or even for suctioning. He asked me
to delete from it all the not really essential functions. First the anesthesia part of it
went. Next I admitted that artificial respiration might be done without it. But I
remained firm on the need for a portable, independent suction apparatus. As aresult,
the foot-operated suction pump was constructed [6]. Soon several copies of it were
marketed by other manufacturers.

One year later something of particular consequence happened. The Danish truck
drivers bringing gasoline to the service stations went on strike. As a result, the lorries
bringing oxygen to the hospitals were forced to a standstill by lack of gasoline. When
the strike was finally called off, almost no oxygen was left in several hospitals. This
inspired me to the construction of the self inflating bag resuscitator. I went to my
bicycle mechanic, had him weld four bicycle spokes together, then manipulated the
joined spokes into an anaesthesia bag. With the aid of an attached string, I obtained a
globe-shaped frame, which kept the bag expanded. When manual compression of the
bag was interrupted, their reexpansion made the bag self filling. It was followed by
different metal frame constructions, filling the bag entirely with lumps of foam rubber
— finally ending up by lining the bag with foam rubber, thereby leaving the center of
the bag free. With it my nonrebreathing valve was used as an inflating valve, and an air
inlet valve was put onto its tail. And that was it [7]. Apparently my idea of the self-
inflating bag was also considered a good one by others. I have been shown copies of it
from almost everywhere in the world.

Outside Scandinavia many anesthesiologists did not know of my paternity of the
bag, which had quite funny consequences. Shortly after its appearance on the market,
when I was visiting Dallas, I was shown a critical care ward and afterwards asked by
the senior doctor to join him in his office. He wanted to show me “something”. He
showed me the AMBU resuscitator, explained its function to me and went on telling
me about its usefulness and even its ingeniousness. I let him convince me. Another
anesthesiologist told me, that he had guessed why the resuscitator is called “AMBU”.
It results, he told me, from combining the first letters in Air-Mask-Bag-Unit. Any-
way, I was very happy when in 1964 my bag was declared by the American Medical
Association to be among the most significant medical advances in anesthesiology of
the last 25 years [§].

By the way, in 1958 I introduced occlusion of the oesophagus with a blocked
inflated tracheal tube, thereby making lung inflation without gastric inflation possible
in calves [9].
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In 19571 constructed the first manikin on which the proper use of the resuscitator
could be trained. Apart from imitating facial anatomy, I incorporated an airway
mechanism which only allowed lung inflation when forward movement of the jaw and
backward tilting of the head was accomplished. I tested it with the local Red Cross
Chapter in my own cummunity, Sgllersd Rgde Kors. One of its members, a painter,
who was good in modeling, helped me to make its plaster head. In making the airway
mechanism I was helped by the bicycle mechanic who had helped me with my valves,
as well as by the watchmaker. Half a year later, hearing about experiments on expired
air resuscitation, I also started using the manikin to teach mouth-to-mouth respira-
tion. I began demonstrating and using it whenever I got a chance; for example, in
October 1958 at the meeting of the Swedish Anesthesiology Association [10], as well
as at an international NATO meeting in Copenhagen. In November when I began an
appointment in Buffalo in the United States, at the Roswell Park Memorial Institute,
I took the manikin with me. James O. Elam, the Direktor of the Anaesthesiology
Department, was convinced of its essential teaching value, so we went together to a
number of places in the United States to demonstrate it, including the Walter Reed
Hospital in Washington, where they had started making a manikin which still had no
airway mechanism. After my return to Denmark we modified its construction in order
to protect against cross-contamination during use. A picture of it was shown. It was
again demonstrated at the annual meeting of the American Society of Anesthesiolog-
ists (ASA) in Miami, on 7 October 1959. In 1959 we together suggested the nasal route
of inflation as the first choice — experimental evidence had shown that the risk of
gastric inflation then was lowered compared to mouth-to-mouth breathing — and
introduced the head tilt method published [11]. The manikin was additionally sup-
plied with a gastric mechanism, so that it could be used for the training of technique
which lowered the risk of gastric inflation [12]. In 1960 the manikin had further
mechanisms added for the training of closed chest cardiac massage [13]. Another
teaching aid which I introduced, the sagittal airway model [12] had already been
shown on Danish television in 1958 in a course on expired air resuscitation.

In addition, in 1977 the “Suction Booster” was presented [14], which speeds up
suctioning, from three to ten times, depending on fluid viscosity. This effect is
obtained without increasing the pressure of suction by moving the point of maximum
suction — its vacuumbottle — closer to the patient, and by lowering resistance between
it and the patient, namely by substituting a short, wide tube for the usual narrow
suction tube. When the tracheal tube is attached to the bottle, preparedness for
suctioning is maintained until the very last moment before the tracheal tube enters the
trachea.

My interest in anesthesia systems started with my first valve [2]. My inflating valve
was also used to improvise absorption circuits [3]. In the mid 1960s I devised what I
called the “intermittently closed circuit” [15], because a new type of overflow valve
which I had constructed stayed closed during bag compression but was wide open
during expiration. After further developments it has now become a circuit with new
properties [16]. The essential difference from other circuits is that the overflow valve
now never requires adjustment, neither when changing between closed and semi-
closed anesthesia systems nor between spontaneous and controlled respiration. The
only circuit adjustment ever made is adjustment of the fresh gas flow rate. The risk of
lung rupture, even with huge gas flows, is eliminated.
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3 Development of Techniques



3.1 Foreword
J. Alfred Lee

Those anaesthetists who attended the recent meeting in Rotterdam devoted to the
history of our specialty will be pleased to have a second chance of familiarizing
themselves with the contents of some of the papers read there. This chapter deals with
the development of techniques. There is some evidence that the art of anaesthesia and
the many aspects of anaesthetic administration are receiving less attention today than
in the earlier years of the great anaesthetic renaissance which commenced in the 1930s
and extended into the 1950s. If this is so, it is not reflected in our wishes when we or
members of our families become patients ourselves. Then we all tend to ask a
colleague to look after us whose technique is both skillful and applied with the greatest
care. Technical excellence is what we then seek.

It has been brought to our attention that many ideas are introduced into practice by
workers who genuinely believe them to be new, only to find out later that these same
ideas have been described before. Some of the papers in this section outline the
development of new concepts and thus we learn of “dissociative anaesthesia”. On the
other hand it is interesting to read a paper pointing out some of the advantages of
simple inhalation of a volatile agent without the use of either relaxants or tracheal
intubation as a viable technique for minimising the grave effects of the inhalation of
stomach contents, especially in obstetric patients. Should this be regarded as a return
to simplicity and common sense or merely a retrogression to the outdated practices of
former times?

Practice usually follows theory after an interval of time, depending on how deeply
held the theory is. This is shown in the changes in intravenous fluid infusion pre- and
post-operatively. The history of some of these changes is well described from the
times when normal saline was the only infusion fluid commonly used. We are also
reminded of the advantages of warming blood during massive transfusions and on the
beneficial effect which this practice has on cardiac function.

In many clinics the burst of activity in the 1950s in the use of phenothiazine drugs
and the theories which sanctioned this, especially in France, has now died down. Itis
instructive to read about the approach to the control of “aggressology” by the
employment of what were antiparkinsonian drugs, and associated with this, the
beginnings of psychopharmacology. The concept of the “lytic cocktail” and of “artifi-
cial hibernation” has been much modified over the years, although we also read that it
still has its friends.

General anaesthesia for bronchoscopy often caused difficulty before use of the
Sanders injector technique was decribed in 1967. One way in which anaesthesia could
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be managed was by the cuirass ventilator, in 1957. Both it and the tank respirator used
for the management of respiratory paralysis resulting from poliomyelitis in the 1930s
were important innovations in their time. The development of the management of
respiratory failure due to poliomyelitis is the subject of another paper. One of modern
anaesthesia’s greatest therapeutic triumphs was the introduction of intermittent posi-
tive pressure ventilation for poliomyelitis patients in the Copenhagen epidemic in
1952, when at the height of the scourge there were 92 patients being ventilated by
hand by medical students and others. Following the successful management of the
respiratory problems of these cases, the circulatory problems were studied and some
of them elucidated. All would agree that the technique of induction of anaesthesia by
intravenous barbiturates was an enormous boon both to patients and to anaesthetists.

The origin and progress of these techniques is well described and it is interesting to
note that methods of intravenous anaesthesia introduced in Germany in 1932 and in
the U.S. in 1934 are still widely used today. The story of the origin and development of
halothane and of the amide-linked local analgesic drugs, both of them highly impor-
tant as technical advances, is described. The progress in the use of various techniques
of regional analgesia in the U.S. is well documented as is also, over the years, of pain
relief in labour and the development of infant resuscitation. There is also an interest-
ing description of the development of pediatric anaesthesia and of induced
hypothermia in open heart surgery in Japan. We can read that a heart-lung machine
was used in humans in Europe in the 1950s independently of the better-known models
in the U.S.

The historical development of anaesthesia for neurosurgical operations is com-
prehensively set out here from the days when in the U.S. the anaesthetic was the
responsibility of the surgeon, although administered by nurses or technicians under
his direction, or as in the U.K. by anaesthetists who were forced to spend part of their
time, for economic reasons, in general practice. Today, tracheal intubation with IPPV
is the standard method in many neurosurgical clinics, world wide.

Years ago, it was not uncommon for an anaesthetist assembling his equipment,
sometimes in an emergency, to find that a vital component might be incompatible with
another equally important piece of apparatus. The history of the measures taken to
minimise this state of affairs is herein recorded.

The development of scientific measurements has not been neglected in this section
of the book as a perusal of the article on blood-gas and on acid-base measurements
will confirm, but one contributor has made a timely plea to anaesthetists, warning
them against relying exclusively on mechanical monitors and electronic read-outs for
his information concerning the continued well-being of his patients. There is still
wisdom in the old adage emphasised by one of our most senior and distinguished
colleagues that throughout the time that a patient is being looked after by the
anaesthetist, at least one of the anaesthetist’s special senses — sight, hearing or touch—
should be receiving its specific information. A visiting anaesthetist recently spent a
month watching anaesthetics being given in a university teaching hospital without
once seeing a colleague put his finger on the carotid pulse of a patient! As the science
of the administration of anaesthetics develops, the art must not be neglected, and if
eternal vigilance is the price of safety then that vigilance must be directed to the
patient and not exclusively to the monitoring systems.
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It is perhaps understandable that a compulsive scribbler like Virginia Woolf should
write that nothing can be said to have truly existed until an account of it has been
written down. If this is so, and there is something to be said for the dictum, then we
have here ample proof of the many interesting happenings which have taken place in
the development of the techniques of anaesthesia in the recent past. Max Planck’s law
states that a new scientific truth does not triumph by convincing its opponents and
making them see the light, but rather because its opponents eventually die and a new
generation grows up that is familiar with it. It has been stated that each generation
imagines itself more intelligent than the one that went before it and wiser than the one
that comes after it. Close attention to the many excellent papers in this book will
convince readers that neither of these statements is completely true when applied to
modern anaesthetists.



3.2 The Forgotten Foundations of Modern
Closed-Circuit Anesthetic Technique

R. W. Patterson

Modern closed-circuit anesthesia employs the technique of introducing a variable
mass of anesthetic agent into the rebreathing circuit sufficient to maintain a constant
anesthetizing tension at the central nervous system active sites. This method has both
a theoretical and a physical foundation. An understanding of anesthesia uptake, the
distinction between volume saturation and anesthethetic tension equilibration, and a
means of precision administration of volatile vapors are required.

This review will cite early studies leading to comprehension of these concepts of
ventilatory mass movement of the anesthetic, its transfer into the blood, and subse-
quent circulatory mass movement to the tissues for selective uptake. This knowledge
enabled the thoughtful design and construction in 1913 of an automatic machine that
encompassed all of the modern-day concepts of uptake, distribution, overpressure,
and equilibration. The aims of closed-circuit administration could scarcely be more
succinctly stated than those expressed by Karl Connell, the inventor of the “Anes-
thetometer”. “With the data at present in hand the most advantageous anesthetiza-
tion can be plotted in advance for the type of individual and for the nature and stage of
the operation, and maintained after the preliminary stage entirely automatically” [1].

The period of accurate administration of any desired concentration of a volatile
anesthetic began with the preliminary experiments of John Snow in 1847 to determine
the quantity of ether vapor taken up by air at different temperatures [2]. In 1858 he
published calculations of the volatilized volume of chloroform vapor, derived from
the molecular weight and density of the liquid anesthetic.

Clover continued the practice of precision administration by having his patients
inhale a known chloroform concentration from a large reservoir bag. For instance, a
4% mixture of chloroform in air would be prepared in advance by injecting with a
syringe 1 ml of liquid chloroform into a vaporizing chamber heated by hot water. Then
he pumped with a bellows 7 liters of air through the vaporizing chamber and collected
the air/ether vapor mixture in a bag for dispensing. He was well aware of the differing
patient responses obtained by varying the inhaled concentration [3].

In similar fashion Spenzer in 1893 performed experiments by which he determined
the percentage volume of inspired ether that would induce and maintain narcosis in
cats and dogs [4]. An ether and air mixture containing, according to calculation, 6.7%
by volume produced complete anesthesia in 25 min, and this mixture could be inspired
indefinitely without untoward symptoms. With refinement this concentration that
produced immobility and could be indefinitely respired would be later equated with
anesthetic tension at the active site, anesthetic potency, and minimal alveolar concen-
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tration (MAC). Thirteen years after Spenzer’s initial investigations the anesthetic and
lethal blood concentrations for chloroform were reported [5].

Spenzer’s experiments substantiated two effects observed during clinical practice.
If the inhaled concentration was such that muscular activity was quickly (imme-
diately) suppressed, the longer the administration the “weaker” the patient became.
On the other hand, if onset was slower because of a lesser concentration, absence of
motion could be achieved with time.

Insight into this quandary was given in 1897 by Zuntz, who was concerned with the
progression of the saturation of the body with nitrogen after sudden exposure to high
pressure of air {6]. He formed a rough general idea of the average rate of saturation by
assuming as a basis of calculation that the blood (5% of body weight) is evenly
distributed throughout the body and that the tissues are similarly constituted in all
parts (assumes tissues = water = blood). Hence the amount of nitrogen held in
solution in the body when it is completely saturated at any given pressure will be about
20 times (100%/5%) as great as the amount present in the blood alone. If, therefore,
the blood distributed itself evenly and at the same rate throughout the body, the latter
would have received, at the end of one complete round of blood after sudden increase
in air pressure, 1/20 of the excess of nitrogen corresponding to complete saturation.
The second round of the circulation would add 1/20 of the remaining deficit in
saturation, i.e., 1/20 X 19/20 of the total excess. The third round would add 1/20 (19/20
x 19/20) of the total excess, etc. Thus the progress of the saturation of the body with
nitrogen (and other inert gases, including volatile anesthetics) is a logarithmic curve.

By 1907 Vernon had made a number of determinations demonstrating that body fat
at body temperature takes up about six times as much nitrogen as an equal weight of
blood [7]. Hence it may be estimated that the body fat ~ assumed to be 15% of the
body weight in a well-nourished man - will, when saturated at any given pressure, take
up on average, weight for weight, about 70% more nitrogen in simple solution than
the blood under the same conditions, and that the whole body of a man weighing 70 kg
will take up about 1 liter of nitrogen for each atmosphere of excess pressure.

Haldane then recalculated the logarithmic uptake on the basis that the amount of
nitrogen held in solution in the body when it is completely saturated at any given
pressure will be about 35 times as great as the amount present in the blood [8]. His
findings that half the total excess of nitrogen would have entered the body after 23
rounds of the circulation, three-quarters after 46 rounds, seven-eights after 69 rounds,
etc. demonstrated a marked slowing of uptake as a result of the fat stores. He
estimated the volume of blood passing through the lungs of a resting 70-kg man to be
3.5 liters per minute. He further assumed the total blood volume to be 3.5 liters, so
that a volume of blood equal to the total blood volume was assumed to pass through
the lungs about once a minute. Therefore minutes may be substituted for rounds of
circulation, and the body of a man exposed to an increase in nitrogen pressure would
be half saturated with the excess in 23 min, three-quarters saturated in 46 min, etc.

However, he noted that this calculation affords at best only a very rough general
idea of the actual rate of saturation, since other determinants would be the by then
known variable distribution of blood per unit of body weight through various parts of
the body, the variable rate of circulation through any given part according to whether
the part is at rest or in a state of activity, and the variable proportion of fat and fatty
material in the various parts of the body. Reports already existed from two
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laboratories which afforded direct experimental evidence for far more rapid (and
slower) saturation in some parts of the body [8, 9].

Far more important than these refinements to the conclusions of Zuntz, Haldane
demonstrated a process for rapid safe decompression of divers without the lengthy
procedure that would be required by the logarithmic constraints just mentioned. His
decompression graphs resemble the mirror image of what we refer to as overpressure
and provide insight into methods for accelerating the lengthy process of anesthetic
uptake [8§].

Concurrently there were additional determinations of blood gas partition coeffi-
cients [10, 11], of the effect of ventilation on alveolar gases [12], of blood volume, and
of cardiac output. A value of 0.146 ml of oxygen per ml of dogs, arterial blood was
obtained by Sheffer, working in Ludwig’s laboratory. Arbitrarily combining this dog
value with the total carbon dioxide output per minute for man, Adolph Fick published
in his 1870 textbook an estimate of 4.6 litres/min for the resting cardiac output of man.
There was a considerable hiatus between the enunciation of the value and its experi-
mental demonstration. In 1886 there was a short paper in the Comptes Rendus
Hebdomadaires des Séances de I'Academie des Sciences (Paris) by Gerhart and
Quinquand describing measurements of the blood flow in dogs, and in 1898 Zuntz and
Hagermaun described measurements of the cardiac output of the horse. Nathan
Zuntz, who had trained in Pfliiger’s laboratory, went on to discover the nitrous oxide
method for measuring cardiac output. This method, published in 1911, was based on
the absorbtion into the pulmonary bloodstream of an inhaled foreign gas, on the
principle that the faster the blood flow the more gas is taken up [13].

By 1913 Connell was able to summarize the knowledge and the state of the art by
enumerating the facts relating to ether dosage that he considered in designing “auto-
matic, unwearying, impersonal machine delivery of the anesthetic agent . . . for ideal
anesthesia” [1].

First, the ether tension in the arterial blood to the sensorium is the determining factor of anestheti-
zation.

Second, this tension is established by maintaining in the alveolar air during preliminary narcosis an
ether content of from 35 to 45 per cent by weight to air (equivalent of from 130 to 182 mmHg). For the
first 20 to 40 minutes of the early stage of anesthesia this tension must be maintained by percentages
from 26 down to 15%. This latter percentage, the equivalent of an ether pressure of 48 mmHg in the
alveolar air, is continuously maintained following the etablishment of anesthetic saturation of the
body.

Tﬁird ... the variable factors seen in ordinary etherization being these: (a) the rapidity with which
the body is brought to complete anaesthetic saturation, as determined by the efficiency with which the
ether tension in the alveolar air is maintained by fresh delivery, by diffusion and by tidal movement;
(b) the rapidity of blood circulation; (c) the bulk of the particular body to be saturated and the capacity
of that body for storage and destruction of the ethyl radical.

Fourth, the zones of anesthesia above and below this saturation or anesthetic tension point are
already well established for man. With absolute certainty as to the outcome man may be placed in an
ether atmosphere of that percentage of vapor pressure as to produce deep, medium or light anes-
thesia.

Fifth, the zone of surgical relaxation, i.e., an ether pressure of 45-50 mm is a zone for many hours
devoid of danger by ether intoxication.

The principal design feature of the “Anesthetometer” as an ether vaporizer was to
utilize the mechanism that metered the gas volume delivered to the patient to activate
a unit that dispensed the proper amount of ether into that volume, thus maintaining an
exact percentage by weight of ether to air [14].
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Air or gas under pressure passed through a commercial dry type illuminating gas
meter activating its usual recording dials. The same gear which drove the registering
hand moved a revolving disc on which were placed a series of eccentric holes. One end
of a ratchet assembly contained a pin to be inserted in one of the disc holes; the other
end engaged teeth which rotated a central screw upon which a piston rode. Revolution
of the disc (activated by the gas flow) activated the ratchet arm, thus causing the piston
to descend. Descent of the piston displaced liquid ether out of the reservoir into a
heated chamber.

From 1 tooth up to 16 teeth might be moved by the meter with each revolution,
depending upon the set of the pin on the disc. The movement of one tooth displaced
such a weight of ether (0.1 g) that this, when added to the air passed by the meter in
one revolution (4 liters of air), resulted in a mixture of 2.18% by weight of ether vapor
in air. The number of teeth moved with each revolution of the meter depended on the
eccentricity of the hole on the disc. Thus the ratio of this feeding mechanism could
easily be shifted (from 0 to 16 teeth) by replacing the pin on the disc so as to
automatically add ether from 0 to 26% by weight to the air as it passed through the
vaporizer.

This machine was easy to use (compared with the other available methods —
measurement of explosibility and the Waller balance) and so accurate in its concentra-
tions that it became the standard for investigations. Connell, however, had designed it
for clinical work believing that it would “undoubtedly become the method of choice as
a routine, when the length of operation warrants the establishment of a scientifically
maintained ether balance, as for example in operations upwards of ten minutes in
duration.” This certainly described the 3 to 5-hour operations being performed at that
time by the Boston neurosurgeon, Dr. Harvey Cushing; his anesthetist, Dr. Walter
M. Boothby, reported in 1914 his experiences and technique using the Anesthetome-
ter [15]. Dr. Boothby’s clinical investigations had demonstrated that in man 50 mmHg
ether is the “anesthetic tension”, i.e., “the lowest partial pressure of ether vapor
which, when continuously respired, will maintain an ideal surgical narcosis after it has
been once established.” His method of producing narcosis using overpressure was to
manipulate the eccentric pin settings on the rotating disc mechanism of the Anes-
thetometer so to as to increase gradually yet rapidly over 4-7 min the vapor tension of
ether to about 100 mmHg, holding it at this point for 2-4 min. By resetting the pin on
the rotating disc the tension is gradually lowered, during the following 30 min, to a
pressure of about 54 mm. “By this method, the patient is sufficiently anesthetized at
the end of about 10 minutes to allow cleaning the skin and further preparation of the
operative field. Complete anesthesia occurs in about 15 minutes, at which time the
incision can be made without any reflex movements.”

The precise anesthetic tension delivered to the patient is noted minute by minute on
Dr. Boothby’s anesthetic records [15]. His findings that the required anesthetic was
decreased in some circumstances and not influenced by other factors preceded and
predicted similar observations relating to MAC made 50 years later.

In June of 1913 Karl Connell, in reading a paper before the American Association
of Anaesthetists, entitled “Accuracy in anesthesia”, referred to the lack of scientific
progress in administering surgical anesthesia in the previous 60 years [1]:
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While the art of Anesthesia advanced with the increasing demands of surgery; while the lore of the
individual anesthetist was accumulated, yet each surgical narcosis was achieved according to the
personal recipe of the given anesthetist. Largely because of the difficulties of confining and measuring
matter in such an elusive state as the gaseous, that precision and accuracy of dosage which came to be
deemed essential in the administration of liquid and solid drugs, secured no place with the volatile
anesthetics. Anesthetization was accomplished according to certain empirical methods and formulae,
guided by the reaction of the individual. . .. These methods permit of no formulation, uniform results
cannot be achieved, nor can methods be standardized. Therefore, the trend of the present is towards
that exactness of dosage and perfection of delivery, that will place anesthesia on the basis of an exact
science. This dosage in its highest refinement can only be secured by automatic mechanical meas-
urement and delivery.

The “trend of the present” he spoke of was an epitaph for the following decades and
a prophecy only for the future, for it took 30-50 years to again achieve the precision
that was recorded in the journals of 1913-1914.
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3.3 The Use of Alcohol for Anesthesia
by Miguel Garcia-Marin

J. A. Aldrete and J. Aldrete-Velasco

From unknown times, men and women have resorted to the effect of alcoholic
preparations in order to alleviate their physical and psychological pains. Inebriation
with wine and other fermented potions were favorites, but only when large quantities
of them were ingested was there actual pain relief. In the early nineteenth century,
Philip Syng, a physician from Philadelphia, recommended the use of intoxicating
amounts of alcoholic beverages in order to allow for muscle relaxation and pain
insensitivity before manipulating fractures and dislocations [1]. One of the first
pharmacologic studies that assessed the effect of ethanol was conducted by
Schmiedeberg in 1883, who thought that its action on the central nervous tissue was by
extracting water and precipitating proteins [2]. In 1921, Nakagawa attempted to
produce surgical anesthesia by infusing mixtures of 7% ethyl alcohol plus 5% ether in
saline, or 0.63% chloroform in saline; however, the resultant effects were unsatisfac-
tory. Although he proposed to double the concentrations in order to achieve the
objective, he dared not to put it into practice [3].

Thereafter, several related publications have quoted the research findings of a
young Mexican medical student who conducted a variety of observations during
intravenous infusions which achieved surgical anesthesia with intravenous ethanol
[4]. Interestingly enough, the opinion cited by all the authors [5, 6, 7] who subse-
quently wrote on the subject was that of the Mexican Academy of Mexico, who
scrutinized the original work and condemned it because of what was thought at the
time to be an undue amount of complications, are quoted by Adams [8]. However, the
original thesis with which Miguel Garcia-Marin graduated from the Medical Faculty
of the National University of Mexico has not been available until recently, when an
extensive search by one of the authors (J. A-V.) revealed the original manuscript.

Preliminary Laboratory Observations

Miguel Garcia-Marin, while reading how in Roman times alcoholic inebriation was
utilized to conduct amputations without pain, started thinking about the possibility of
using the same drug by a different route. As a medical student in 1925 he had
witnessed the prolonged induction and frequent complications that patients endured
while being anesthetized with ether or chloroform by inexperienced personnel. With
little laboratory experience of his own, and no encouragement from the professors
from whom he sought advice, Garcia-Marin proceeded to administer ethanol of 96
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proof (USP) to a variety of animals including: pigeons (90), hens (17), turkeys (8), and
dogs (72). The experiment resulted in 30% mortality, 60% unsatisfactory anesthesia,
and in only 10% of cases was anesthesia considered adequate. With a determination
that characterized many of the anesthesia pioneers, the young student diluted the
ethanol down to 60 proof, and, after giving it to pigeons (14), hens (10), turkeys (1),
and dogs (75); the mortality was reduced to 15%; in 10% of the animals there wasno
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Fig. 1. Reproduction of the original series of animal experiments indicating the species, numbers,
and totals. The percentages of deaths, unsatisfactory anesthesia, and “perfect” anesthesia are also
listed. On the column on the extreme right are the observations describing doses, dilutions, and types
of solutions used. The progress, as shown by a reduction of mortality and failed anesthetics reflects the
remarkable intuition and persistance of Miguel Garcia-Marin
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apparent anesthesia, while in the remaining 75% it was considered successful (see
Fig. 1).

In order to determine the “indifferent” (noneffective) anesthetic and lethal doses,
he utilized another 8 pigeons, 2 hens, and 90 dogs, having arrived at the conclusion
that anesthesia was achieved with 2-3 ml of 96 proof alcohol per kilogram of weight.
Death within 24 h occurred when 5-6 ml/kg were given. Higher doses resulted in
immediate death (see Fig. 1).

By this time he had noted that many of the experimental animals that survived
developed hematuria, which he traced to the fact that he was using distilled water as
diluent. After repeated attempts, an isotonic solution was prepared with equal parts
of alcohol and hypertonic glucose, ending with a solution of 35 proof. These observa-
tions were carried out in 200 dogs with 95% success.

Further studies were conducted in 50 dogs and 2 monkeys with the purpose of
assessing the effects on respiratory functions. Using pneumographs, Garcia-Marin
recorded a short period of excitation, tachypnea, and altered respiratory rhythm for
about 5 min during early induction. He noted that this period could be shortened and
the induction made smoother if 30 min before hand he gave to the dogs 10 mg of
morphine and 1.0 mg of atropine (see Fig. 1). When one of these animals became
apneic, he treated it by compressions of the thorax and rhythmic tractions of the
tongue, about 60 per minute.

He also measured arterial blood pressure (carotid) and pulse, recording them by
means of Ludwig’s smoke chymograph, having observed only slight decreases on both
during alcohol anesthesia. White and red blood cell counts, as well as blood smears,
failed to show abnormalities. The bladder was noted to be consistently “plethoric”
with urine, containing a concentration of “0.20 per litre” of ethanol.

Autopsies performed in the animals that succumbed revealed cerebral congestion,
as well as slight pulmonary and marked hepatic, renal, and splenic congestion. The
heart was found dilated and the bladder full of urine.

Various surgical procedures were performed in the dogs anesthetized with ethanol,
including craniotomies, abdominal explorations, hepatic resections, mastectomies,
vascular anastomosis, open reduction of fractured bones, and bowel anastomosis.

After the extensive experience gained in animals, Garcia-Marin requested permis-
sion from his professors to try his technique on patients. Permission was denied
repeatedly, so then he asked the government authorities if he could try it on a convict
waiting for the death sentence to be carried out, with the condition that if the patient
survived he would be sent free. While waiting for a volunteer, one of his teachers, Dr.
Alejo Larrafiaga, was kind enough to let him try it on a patient with carcinomatosis
who was to undergo an exploratory laparotomy. On 26 July 1928, in the Sanatorio
(Clinic) San Agustin of Mexico City, Miguel Garcia-Marin, still a medical student,
anesthetized an extremely ill patient with 40 ml alcohol of 60 proof for a period of 35
min; the operation lasted for 20 min. The patient recovered uneventfully, and the
anesthetic was considered a success (Table 1). A second case was attempted a few
days later on a comatose adult male with a fractured skull: 40 ml alcohol of 96 proof
were given IV, diluted with 1/3 of distilled water. During the skin incision for a
hemicraniectomy, the patient showed signs of feeling pain, so Garcia-Marin sug-
gested that the anesthetic be complemented with ether.
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Table 1. Observations made during the first anesthetic given with intravenous alcohol

Preoperative Transoperative Postoperative
Induction Maintenance

Pulse 92 120 92 92
Blood pressure 110/65 110/65 110/60
Temperature ? unchanged unchanged
Respirations 22 15 22 2
Pupils reactive dilated constricted reactive
Fluids 500 ml 5% dextrose 40 ml alcohol + 40 ml -

SC “25% dextrose” in water
Medication morphine 10 mg -

SC, subcutaneously

A summary of another 17 cases is shown in Table 2. All but one patient received 10
mg morphine between 90 and 30 min before surgery; case # 2 was not premedicated;
case # 4 received Sedol. Alcohol of 60 proof was administered, having been diluted
from the 96 proof with distilled water. All data were not available in every case. In
addition, 23 more cases are reported in the thesis by Garcfa-Marin. It is worth
mentioning that after 31 October 1928, when it was realized that by mixing ethanol of
60 proof with “25%? dextrose solution, clots were not formed and no more instances
of hemoglobinuria were seen in the last 18 patients.

On several occasions, Garcia-Marin mentioned the “improvement of the pulse”
after the initiation of the alcohol infusion. In one specific case of severe hypotension
from hemorrhage, the injection of 5 ml alcohol of 60 proof and 10 mg morphine
“restored the blood pressure and pulse to normal levels.”

Liver function studies, blood chemistries, blood smears, and urinalysis were per-
formed in about 10 patients, before and after surgery; results showed little evidence, if
any, of alteration that could have been attributed to the ethanol given.

Technique

Early in his animal experimentation Garcia-Marin confirmed that, in vitro, alcohol
clotted blood, a fact that was well known. So he concluded that the early deaths in
some animals were due to the injection of clotted blood along with the alcohol. He
noted that as the venipuncture was made with a syringe containing ethanol, the
common practice of aspiration — in order to identify the vein’s lumen by entry of blood
into the syringe — produced an immediate clot that precipitated into the dependent
portion of the syringe. Initially to overcome this difficulty, he pushed the syringe’s
plunger, thus injecting the alcohol into the vein, as soon as the stream of blood
insinuated. Later on, he designed an ingenously simple combined infusion set that
allowed him to start the venoclysis with a solution of glucose and water or saline, and
then to infuse the diluted alcohol with an even more hypertonic solution of water and
“25% dextrose” — puzzling indeed (see Fig. 2). Both connected through a “Y” that
permitted the simultaneous drip of either one or both solutions. He mixed his
solution, combining 150 ml alcohol of 96 proof (as purchased from drug stores) with
150 ml “25% hypertonic dextrose”, totaling 300 ml. The initial dose was 2-3 ml/kg,
but Garcia-Marin noted great variability of response from patient to patient. His
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Fig. 2. Reproduction of the original intravenous set, with one bottle containing a solution of alcohol
of 60 proof and another bottle containing 5% dextrose solution. The separate controls allowed the
operator to keep the venoclysis open and administer glucose and fluids, a rare occurrence indeed in
Garcia-Marin’s day

guidelines for supplementation were as follows. If pupillary dilatation appeared with
stimulation, the infusion was started again. However, if instead of producing miosis,
midriasis continued, the line of the ethanol was shut off and that of the 5% sugar
solution was opened. Similarly, if some patients went to sleep and showed signs of
anesthesia, even before receiving the initial dose in its entirety, the alcohol infusion
was discontinued and the other fluid allowed to drip.

It was recommended that the bottles containing the infusions were placed about 125
cm higher than the operating table and that a needle “not too large or too small, in
other words, about the gauge of those used for spinal anesthesia” should be used. If a
very small gauge needle was utilized, the patients took a long time for induction;
however, if a larger needle was used, then it was noted that respiratory disturbances
(probably apnea) would occur.

For preparation of the patient, 4 g chloral hydrate po was given the night before.
One hour before surgery, most patients received 10 mg of morphine. Profound silence
was imposed on the theatre, the patient’s eyes were covered with a towel, and the ears
filled with cotton.

TIodide, as antiseptic, was not applied until the anesthetic state was achieved, and
during the infusion unnecessary questions or noises were avoided, otherwise a greater
amount of ethanol was required.

In the case of apnea, the mandible was dislocated and rhythmic tractions on the
tongue were applied; if necessary, artificial respiration was given, followed by 0.25 mg
adrenalin IV. If the pulse became “weak,” 5 ml Alcanfor were given. On the next day,
patients could have tea, and diuretics on the following day.
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Advantages

As means of persuasion, Miguel Garcia-Marin listed the following as advantages of

his technique:

1. Simplicity -~ no need of anesthesia apparatus, thus freedom from the inherent
dangers of machine malfunction or incompetent operators.

2. Elimination of one of the assistants, since the same individuals in the surgical group
could administer the infusion.

3. Elimination of the mask necessary for general anesthesia, which was a hindrance
when operations were performed on the face or neck.

4. Possibility of utilizing the properties of dextrose and water as diuretic, disinfectant,
and nourishment, combined with the diffuse stimulating effect of ethanol.

5. Alcohol had no toxic effects on kidney of liver function and did not irritate the
mucosas, as did some of the anesthetics then used.

6. By administering dextrose and water, acidosis and shock could be avoided.

According to the author, intravenous alcohol would be indicated as anesthetic for
operative procedures on the head; for debilitated elderly patients, without tubercul-
ous lesions; as well as for any other patients, especially those who had sustained blood
loss. However, it should not be given to children under the age of 10 because they are
highly sensitive to the alcohol and the morphine that has to be given before hand. It
was also contraindicated in advanced pulmonary tuberculosis with cavitary lesions, as
well as for patients with heart failure.

Lastly, as recommendation, Garcia-Marin called upon anyone interested on trying
his technique to remember the wise phrase of Tillaux, that it “is best to let them die,
than to kill them”, a maxim still applicable today.

Corollary

It was indeed remarkable how a young medical student with little research back-
ground, without sophisticated apparatus, and without government grants conducted
what was in his time a revolutionary approach to anesthesia. In spite of enormous
odds, he systematically arrived at a dose of alcohol that would anesthetize animals
with little mortality, noticing that he could manipulate the depth of anesthesia. With a
rather unusual determination, he eventually persuaded one of this teachers to allow
him to administer it to a patient. Upon apparent success, he was then called upon to
anesthetize up to 42 patients, with various results. This experience was summarized in
his thesis, with which he graduated as physician and surgeon from the National
University of Mexico some 31 years before I did. It is of personal interest that some of
his classmates, who were mentioned as “assistants” in some of the operations per-
formed, were my professors; thus the characters are real, though I knew little then of
their relationship. The achievement of Garcia Marin, albeit limited in its current
application, shows that ingenuity and perseverance — qualities shared by Wells,
Morton, and Koller, to mention a few — can come to fruition.

Later, the Mexican Academy of Medicine [9] scrutinized and perhaps too severely
criticized the work of Garcia-Marin because of the high incidence of phlebitis and
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phlebothrombosis produced by IV ethanol. This report came about when the
National University of Mexico asked the Academy whether Garcia-Marin deserved a
special award for his work. With undue wrath, a Commission charged with investigat-
ing the matter was harshly critical because information had been given to the news
media, and the merits of the technique had been openly discussed at a session of the
Chamber of Representatives. The Commission also disapproved of Garcia-Marin’s
presentation of his results before the Fifth International Congress of Military
Medicine and Pharmacy at London. Subsequently, a report of two cases of anesthesia
using the Garcia-Marin method appeared in the Lancet, written by D. Constantin, an
anesthetist from General Miller’s Hospital of Greenwich [10]. During the same
European venture, Le Siécle Médicale published an encouraging article signed by Dr.
Mathe, containing Garcia Marin’s photograph. In Brussels demonstrations of Garcia
Marin’s method were made at Dr. L. Mayer’s clinic, and two of four patients
anesthetized in this manner died [11]. One more fatal case occurred in Paris at an
operation performed by Dr. Tierry du Chastel.

Upon his return from Europe, Miguel Garcia-Marin enjoyed a brief period of
popularity, although success and failures alternated as results of the administration of
ethanol as anesthetic. Another professional thesis was written on the subject by
Avenamar Yafez, who reported 15 cases, with 3 failures; 2 had respiratory difficul-
ties; and oliguria was noted in 2, and albuminuria in 4 cases. Although his intention
was to support the technique, he suggested that the hepatic and renal lesions he had
noted could be ameliorated by diluting the infusion. One more thesis appeared in
January 1930, this time by José de Jestis Herrera from Guadalajara. Of 18 anesthetics,
10 were unsatisfactory; 1 patient died; 1 remained asleep for several hours after the
procedure; and urinary abnormalities were noted in 4 other instances.

Therefore the reply by the National Academy of Medicine recognized that an
anesthesia-like state could be achieved by the administration of intravenous alcohol, a
procedure which had been already tried and abandoned by Professor Abalos from
Santa Fé, Argentina. As advantages, it recognized that it permitted operative proce-
dures to be performed on the face and head without the need of a mask and the
“abdominal silence” that was noted in some cases. However, it was considered to be
contraindicated in children, as well as in the presence of thyroid, myocardial, renal,
and hepatic disease. Interestingly enough, they severely criticized the need to
administer intravenous infusions of dextrose and water, as described by Garcia
Marin, since the technique may produce a “glycemic wave” and “vascular plethora.”
They forecast that alcohol would be a temporary fad that would not substitute the
inhalation agents; in that, they were correct. So the final act in this saga was the
delivery of an inquisitional edict.

How this condemnation by the supreme academic body of Mexican Medicine
influenced the career of Garcia Marin is not known. But it is obvious that eventually
even his enthusiasm was dampened and finally exstinguished. One can only wonder
what might have been, if, in spite of this attack, Garcia-Marin had been advised to
devote his knowledge, interests, and efforts to conventional anesthesia research and
practice. However, such wishful thinking must remain a chimera.
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3.4 Early Problems in Establishing Intravenous
Anaesthesia

J.W. Dundee

“In the beginning...”. While there are those who would
ascribe divine origins to anaesthesia (Genesis 3, verse
21), intravenous anaesthesia cannot boast of such begin-
nings. The names of Sir Christopher Wren, architect of
St Paul’s Cathedral in London, and of Oré from Lyons
are normally associated with the beginnings of anaes-
thesia. Wren successfully injected wine into an animal
using a quill and a pig’s bladder, but it is unlikely that this
had any real influence on the development of intraven-
ous anaesthesia.

Indeed, intravenous anaesthesia could not be
developed until an effective syringe had been invented,
and credit for this achievement must go to Alexander
Wood from Edinburgh. His syringe, which is currently
placed in the Museum of the College of Physicians in his
native city, was not designed for the intravenous injection of drugs. The title of a
paper which he produced in 1853 was “New method of treating painful neuralgias by
the direct application of opiates to painful points” [1]. He seemed to favour a local
action of morphine, which was contrary to what was believed for many years about
that drug. However, it is of interest to note that the pendulum seems, to have swung in
the other direction, and recent work on extradural morphine is confirming that it has a
local action. Perhaps those of us who sneered at the rectal use of morphine sup-
positories as an analgesic after haemorrhoidectomy may have to think again. A con-
tempory advertisement listed “Dr Alexander Wood’s narcotic injection syringes” and
stated that these could be obtained from Archibald Young, Queen’s Cutler, Princes
Street, Edinburgh.

J.W. Dundee

The Drug

Having evolved a method for giving intravenous anaesthetics, the next step in its
development was the discovery of a proper drug. Diethylbarbituric acid (barbitone
BP) had been synthesized by Fischer and Von Mering in 1905. Barbituric acid,
otherwise known as malonylurea, had been prepared in 1864 by Berlin — born Von
Baeyer (1835-1917), who at that time was a research assistant in Ghent. He was later
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to achieve fame and be awarded the Nobel Prize for Chemistry “in recognition of his
services to the development of organic chemistry and the chemical industry through
his work on organic dyes and hydroaromatic combination”. This does not seem to be
connected with the work on barbiturates. There is an interesting anecdote associated
with the trade name of the first sedative barbiturate, Veronal. Fischer had recently
holidayed near Verona in Italy, and this is thought to have been why he chose the
name. Incidentally, he was also a German chemist and at one time had been an
assistant to Von Baeyer in Munich, although he was too young then to have played
any part in the initial synthesis of the barbituric acid. He was also awarded the Nobel
Prize for Chemistry, an honour which he achieved in 1902, before his former chief;
again this award was unrelated to his work with the barbiturates but was “in recogni-
tion of his services in connection with ... synthetic experiments in the sugar and
purine group of substances”.

Barbituric acid itself was hypnotically inert, and with the discovery of the first
hypnotic compound - diethylbarbituric acid - there was a profileration of these drugs
over the next 20 or so years. Some of these were given by intravenous routes, but none
of them was to be the drug which was to find a lasting place in intravenous anaesthesia.
They all had the problem of delayed onset of action and prolonged duration.

To hexobarbitone (Evipan, Evipal) we can ascribe the honour of being the first
rapidly acting drug. An acid form of this had been introduced in Europe under the
trade name of Evidorm, but the sodium salt of the drug, which was produced by Knott
and Traube under the direction of Helmuth Weese, was to open a new era in
intravenous anaesthesia. The first report on its use was by Weese and Scharpff in July
1932 [2]. Helmuth Weese was Professor of Pharmacology in Dusseldorf and later
became Director of the Pharmacological Section at the Bayer works at Wuppertal-
Elberfeld, in which post he succeeded Eicholtz, who incidentally had pioneered the
use of tribromoethanol (Avertin). .

Rapidly Acting Drugs

Drugs with rapid action were what anaesthetists had been looking for; yet at the same
time this was the property which led to many early tragedies with their use and which
almost threatened their continuing survival in the pharmacopoeia. As will be discus-
sed elsewhere, hexobarbitone was not an ideal drug and it was later replaced by
thionembutal, which later became known as thiopental and is still, almost 50 years
later, the world’s most widely used intravenous agent.

Early Problems

The early problems experienced with rapidly acting drugs are best exemplified by a
horror story ~ a paper entitled “A critique of intravenous anaesthesia in war surgery”,
written by F.J. Halford in the January 1943 issue of Anesthesiology [3]. In this are
described the events when the drug was given to American casualties following the
Japanese raid on Pearl Harbour on 7 December 1941. The opening remark in that
paper sets the scene: “Every advance in anesthesia has been marked by its tragedies.
Perhaps even more poignant are the final comments: “Then let it be said that
intravenous anesthesia is also an ideal method of euthanasia.”
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A few quotes from this paper will highlight the problems.

It would appear that not only are there dangers intrinsic in any anaesthetic but there are dangers
inherent in its administration and in the immediate condition of the patient.

All reports to date deal with the usage of the drug in routine civilian practice. ...

While intravenous anaesthesia would seem to be ideal for war injuries because of its compactness,
ease of preparation and non-explosive characteristics ... it cannot be given by highly skilled anes-
thesiologists . . . but by doctors etc. to whom its ... pharmacological actions are unknown.

In several cases ... as small an amount as 0.5 g of pentothal sodium had been administered ...
irremedial predecessor of death.

These wounded were healthy young adult males. ...

We were attending patients in severe shock ... prepared with perhaps a minimum of plasma.

Incidentally the last page of that paper was followed by an advertisement calling for
anaesthesiologists to join the US Armed Forces.

Behind the Problems

What lay behind these problems? From an analysis of this and other reports one can

place the blame on several points:

1. Up until then anaesthetists had been generally used to giving a “complete
anaesthetic” and often used mono drug techniques or, at the most, employed two
agents, for example nitrous oxide oxygen and ether. Thiopentone was also looked
upon as a complete anaesthetic; it was not then appreciated that this drug was any
different from inhalational agents, nor that it could not safely replace such agents
as the sole drug for major surgery.

2. By virtue of the route of administration one had an opportunity of observing the
side effects of inhalational agents; if patients became hypertensive or developed
respiratory depression, then stopping administration would soon rectify the mat-
ter. However, this did not apply to intravenous agents, as the above paper pointed
out fairly forcibly.

3. Asagroup, the barbiturates were completely devoid of analgesic action, and this
led to the administration of very large doses in an attempt to achieve complete
anaesthesia.

4. Reference has already been made to the fact that administration has often been by
untrained personnel who were unaware of the pharmacology of the drugs they
were using.

5. These drugs have more than average toxicity because of their rapid onset. Not only
does anaesthesia affect the parts of the brain concerned with consciousness but also
involves vasomotor centres etc. When used as the sole anaesthetic agent their
profound peripheral dilating effect was often disastrous for shocked patients.

Rescue and Survival

Why then has thiopentone survived today? Three factors seem to have played a part in

this:

1. The same issue of Anesthesiology, which contained the report of the Pearl Harbour
incidents also contained a paper by R. Charles Adams and Harold K. Gray [4] from
the Section of Anesthesia at the Mayo Clinic in Rochester, Minnesota. This paper
was entitled “Intravenous anesthesia with pentothal sodium in the case of gunshot
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wound associated with accompanying severe traumatic shock and loss of blood:
report of a case.” The authors described the successful use of small doses of
thiopentone (as little as 1 ml of 2.5%) given with oxygen, in which time was
allowed for the onset of the action and due attention was paid to the decreased
tolerance of the patient for the agent. Perhaps even more important was an
editorial in the same issue of Anesthesiology: “The question of anesthesia in war
surgery“ [5]. The unnamed author mentioned

the field of greatest usefulness and safety for pentothal sodium will be operations of brief or
moderate duration ... small doses administered slowly with intervals between injections of

sufficient length to allow the full effect to take place is the only rational scheme of dosage. It is
amazing how little of the drug will provide anesthesia and relaxation for such (shocked) patients.

This was probably the “saviour” of intravenous anaesthesia.

Little credit is given to a very short paper which appeared in a 1938 issue of the
Lancet by Organe and Broad from Westminster Hospital, London [7]. This
demonstrated the synergistic action of thiopentone with nitrous oxide oxygen and
undoubtedly played a major part in the universal acceptance of thiopentone as an
induction agent.

. The development of balanced anaesthesia. Here one must pay tribute to J.S.

Lundy, who, in his book Clinical Anaesthesia 6] first used this word in its current
context and recommended that anaesthesia be induced with one drug for muscular
relaxation and maintained with another, and that muscular relaxation be provided
by local nerve blocks.

This combination of factors has led to the present-day acceptance of intravenous

anaesthesia and the numerous advantages which it offers, particularly to the patient
but also to the anaesthetist.
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3.5 Dissociative Anesthesia

G. Corssen

Laborit’s concept of “neuroplegia” was, perhaps, the
first attempt to move away from total central nervous
system depression by employing a combination of tran-
quilizing agents and narcotic analgesics for the selective
inhibition of cellular, autonomic, and endocrine systems
known to be activated in response to stress. Unfortu-
nately, this drug-induced homeostatic imbalance fre-
quently resulted in circulatory disturbances, which ex-
plains the reluctance of many physicians to accept this
new concept of pain control during surgery.

The concerted efforts of industrial and clinical inves-
tigators, in which we played a major part, led to the
development of phencyclidine (PCP). It was synthesized
by a medicinal chemist, Victor Maddox of Detroit,
Michigan, and underwent general pharmacologic testing
by Graham Chen of Parke Davis in Ann Arbor, Michigan [1]. PCP appeared similar
to a cataleptoid agent called bulbocapnine, a very old compound coming from a plant
called “Dutchman’s Breeches”. In cats, low doses of PCP produced a state of
catalepsy associated with remarkable analgesia; in rhesus monkeys a small dose of
PCP produced serenity, tranquility, and peace, which provided the trade name Sernyl
or Sernylan. Subsequent toxicity studies conducted by Edward Domino of Ann
Arbor, Michigan showed that PCP had a remarkable margin of safety. In 1957,
clinical trials were performed at Wayne State University, Detroit by Greifentstein,
who found that the drug, when properly administered by an anesthesiologist, was far
safer than most anesthetics of that time. However, an unusually high percentage of
patients unpredictably developed emergence delirium. Quite frequently the volun-
teers would describe the sensation of feeling as if they had no arms or legs or they were
“floating in outer space.”

In synthesizing some ketone analogues of PCP, Stevens, of Wayne State Uni-
versity, Detroit, found a PCP derivative, ketamine, which appeared to have consider-
ably less side effects and was of shorter action than PCP. Edward Domino and I were
asked to conduct human trials with this analogue and without any delay we began
human pharmacologic studies in volunteers of the state prison in Jackson, Michigan,
in 1964 [2]. We were soon able to confirm that ketamine was an excellent analgesic
and anesthetic and caused less emergence delirium than PCP. We were fascinated by
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the appearance of the volunteers under the effect of ketamine, who did not seem to be
asleep or anesthetized, but appeared disconnected from the surroundings. By means
of neurologic methods for testing central responses to specific stimuli we established
that under the effect of ketamine the subject was pharmacologically isolated. We
observed that both visual and somatosensory impulses traveled unimpaired from the
periphery to the primary sensory cortex, indicating that the sensory isolation occurred
within the brain, presumably in the association area. We postulated that under the
effect of ketamine the patient’s brain is unable to interpret impulses and make the
appropriate response; therefore there is no reaction to light impulses introduced into
the eye or to pain impulses that would ordinarily be evoked by surgical stimulation.

The results of EEG studies in cats indicated that the cataleptic anesthetic state
produced by ketamine is accompanied by hypersynchronous delta-wave bursts, alter-
nating with low-voltage fast-wave activity in areas of the neocortex and in the
thalamus, while simultaneously theta “arousal” waves appear in the hippocampus.
This dissociation between neocorticothalamic and limbic system activity was espe-
cially prominent during emergence from the ketamine effect. After these studies,
there was little doubt that our findings were in distinct contrast to EEG changes
produced in animals by traditional anesthetic agents, notably the classic general
anesthetics chloroform and ether, but also of volatile halogenated agents: These
suppress the entire central nervous system aselectively. Later studies, conducted at
the University of Alabama, strongly supported our theory that the diffuse
thalamoneocortical projection system is a primary site of action of ketamine and that
the profound analgesic action of ketamine results from the functional disorganization
of nonspecific pathways in midbrain and thalamic areas. Behavioral observations in
combination with the electrophysiological dissociation of thalamoneocortical and
limbic systems prompted us to introduce the term “dissociative anesthesia.”

Our initial human pharmacologic studies of the central effects of ketamine included
observations and recordings of drug-induced alterations in the EEG. The most
consistent and typical EEG effect induced by ketamine is the abolition of alpha-wave
activity with occurrence of theta-like activity. Emergence from the anesthetic state is
accompanied by a gradual return of typical low-voltage fast-frequency activity. Con-
tinuous alpha waves do not reappear for 30 min to 1 hour after the drug injection.
Interestingly, the onset of analgesia which coincided with the appearance of theta
activity subsided before theta rhythm disappeared.

Since we introduced the concept of dissociative anesthesia with ketamine in 1964,
this new approach to pain control during surgery has evoked more interest and
spirited discussion than any other previously introduced anaesthetic agent or techni-
que. Ketamine has gradually been accepted by anesthesiologists and anesthetists
throughout the world and has found its proper use in clinical anesthesia as a safe and
effective anesthetic agent for specific surgical procedures. Dissociative anesthesia
with ketamine has been found to be particularly useful and suitable in pediatric
surgery and emergency surgical manipulations involving skin, bone, and joints. In the
anesthetic management of burn patients of all ages, dissociative anesthesia is now
considered superior to any traditional anesthetic technique. Use of ketamine in
surgical patients with a history of bronchospastic disease is now generally accepted for
its bronchodilating properties. It has been recommended as an excellent agent for
anesthesia in mass casualties.
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The illicit consumption of ketamine for its psychedelic effects has been a growing
concern of law enforcement agencies, since its congener phencyclidine is a major
representative of street drug subculture and is sold als PCP, Angel-dust, or Hog. On
the west coast of Florida, for example, emergency departments and free clinics have
recently been receiving numbers of overdose patients who are “snorting” ketamine or
ingesting it orally. A major attraction of ketamine is seen by street users in the rapid
onset and relative short duration of its psychedelic action, and the drug can easily be
manufactured in illicit laboratories.

The search for ketamine isomers continues, and it can be expected that soon more
selectively acting dissociative agents will be available for clinical trial. During the past
18 years we have devoted considerable time to our concept of dissociative anesthesia.
These years were full of excitement and challenge. We are in total disagreement with
the famous German surgeon, August Bier (1862-1941), who, at the beginning of the
twentieth century, made this amazing statement: “In America exist professional
anesthetists. This specialty is also praised in Germany. I cannot think of anything
more dull.”
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3.6 Open Drop Ether Versus Relaxant
Techniques in Obstetrics

D. A.Buxton Hopkin

Open drop ether anaesthesia had a well-earned reputa-
tion for safety, provided one avoided respiratory depre-
ssant premedication. Acceptable operating conditions
for elective or emergency surgery were always possible,
even in humid tropical climates like Malaysia, as I disco-
vered 45 years ago, long before the days of intravenous
drips, relaxants and endotracheal tubes.

Patients in acute haemorrhagic shock from ruptured
ectopic gestation could always be approached confi-
dently, even though pulseless. Once the blood clot had
been removed from the peritoneal cavity the pulse
always returned (presumably from relief of reflex vas-
oconstriction) and remained adequate after relief of
dehydration by intraperitoneal saline before closing the
abdomen. Still more remarkable (and lost sight of since
barbiturate induction became a routine) was the absence of gastric reflux under open
drop ether once anaesthesia had reached the third stage. Admittedly, vomiting
sometimes occurred during induction, but, as protective reflexes remained active,
withdrawal of the anaesthetic, lowering of the head and rapid turning onto the side
allowed patients to clear their own pharynx by active coughing. Even if the stomach
did contain fluid, vomiting was rare during induction and gastric reflux during anaes-
thesia just did not occur.

(One illustrative case remains vividly in mind. Whilst still a student, I once anaes-
thetized a vigorous young man for relief of an obstructed hernia. He was vomiting
before induction, but no vomiting occurred during induction. Once in the third stage,
I suggested to the surgeon that a stomach tube should be passed to empty fluid from
the stomach. Before doing this I put the patient in a steep head-down tilt, but no
regurgitation took place. However, after passing a large-bore stomach tube into the
stomach, there was a brisk flow of coffee-ground vomit, sufficient to fill more than
half a bucket.)

The absence of gastric reflux under open ether was well known to obstetric anaes-
thetists, but the introduction of the Boyle’s machine for nitrous oxideoxygen and
minimal ether altered things and, in their point of view, was a retrograde step.
Although in skilled hands good operating conditions were possible, with much reduc-
tion of atmospheric contamination by ether, in unskilled hands the method was
difficult and dangerous. This became evident when it replaced open drop methods for
obstetrics, especially when preceded by a barbiturate induction. Those skilled in its
use were never available in obstetric units, and it was left to an inexperienced junior to
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conduct the anaesthetic. In some American hospitals there was even a printed card
attached to the machine, giving instructions to the operator; these included induction
of unconsciousness with 100% nitrous oxide, relieving the inevitable cyanosis with
100% oxygen and opening the ether vaporizer to the full. This involved the return of
consciousness, followed by intense coughing, laryngospasm leading to hypoxia, and
vomiting, which was usually concealed by a large black face mask securely fastened
with a harness. Under these conditions pulmonary complications were inevitable
from aspiration of stomach content. Mendelson, reported a syndrome: pneumonitis,
following aspiration of acid gastric content during obstetric anaesthesia under nitrous
oxide oxygen and ether [1]. This became known as the Mendelson syndrome, and
reports of similar complications soon appeared in North America [2,3] and in the
United Kingdom [4,5]. Two factors were common to all incidents, namely, they all
occurred in hospital practice and with nitrous oxide oxygen ether.

These reports were a source of serious concern to anaesthetists. The then Ministry
of Health in the United Kingdom began publication of 3-yearly reports of confidential
enquiries into maternal deaths in England and Wales, including anaesthesia, and the
first of these cover the years 1952-1954, inclusive [6]. It was said that 32 out of 49
maternal anaesthetic deaths were the result of aspiration of stomach content during
anaesthesia. Dr. Marston, the first Dean of the newly created Faculty of Anaesthesia,
of the Royal College of Surgeons of England and Wales, was the author of the section
dealing with anaesthesia. In his Report he made significant observations, which, had
they been given more serious consideration, might have changed the history of the
development of obstetric anaesthesia. He noted that “Intravenous injection of bar-
biturates and relaxants may relax the cardiac sphincter and cause regurgitation into
the naso-pharynx with inhalation. This ... is recognised as a definite risk.” Gas-
oxygen and ether were used in 11 fatal cases and were he said, “commonly regarded as
safe”. However, “in the hands of the insufficiently experienced, sudden exhibition of
a too high concentration (of ether) can lead to anoxia (from laryngeal spasm) with
sudden vomiting”. It also became clear that, when the duration of childbirth exceeds
12 h, some degree of gastric stasis is always present. Childbirth exceeded 12 h in all of
13 patients who aspirated stomach content during childbirth over a period of 1 year,
and in 9 of these it exceeded 24 h. Thus, gastric stasis is to be expected in all patients
requiring anaesthesia for forceps or caesarean deliveries, since interference before
this time is extremely rare.

In such circumstances, is it wise to abolish completely the protective laryngeal
reflexes before passing an endotracheal tube? This question was widely put by older
established and respected anaesthetists after the introduction of relaxants into clinical
anaesthesia. Such senior colleagues had mastered the art of passing an endotracheal
tube under relatively light inhalational anaesthesia. The study of subsequent confi-
dential reports on anaesthetic mortality justified such a view point. However,
improvements in staffing, training and equipment took place over the succeeding
years, and a consensus amongst anaesthetists was in favour of endotracheal intuba-
tion.

Nevertheless, patients continued to die from aspiration of stomach content during
anaesthesia. In the two periods 1955-1957 [7] and 1958-1960 [8], 35 out of 62
anaesthetic deaths resulted from aspiration. In most instances intubation was not
planned as a routine, and the writer of the reports consistently advises intubation, in
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spite of recording two deaths from attempted intubation and two from misplaced or
kinked tubes. The practice of intubation received strong support after H. Hodges and
his colleagues published a paper showing improved Apgar Scores (compared with
other techniques) from a technique of preoxygenation, induction with thiopentone
and intubation after suxamethonium [9]. This technique was well approved and called
“crash induction®; it became compulsory in all large obstetric units, to such an extent
that juniors in training became convinced that no other method was safe and that
failure to intubate obstetric patients was tantamount to criminal negligence — an
attitude of mind that has persisted with many to this day. The Report of 1961-1963
records 16 deaths from aspiration out of a total of 28 and again condemns failure {o
plan intubation as the principal factor in every case [10]. However, better things were
expected in the following Report, where the benefits of the widespread adoption of
crash induction should have become demonstrable. The next Report, however, was
even worse [11]. The total of anaesthetic deaths had risen to 50, 31 of which were the
results of aspiration, in spite of the fact that in every case, intubation was planned
beforehand. Taking these figures at their face value it cannot be argued in any way
that intubation is the solution to the problem of gastric aspiration.

In almost all the series, the relaxant used was suxamethonium. The author (Sir
Geoffrey Organe) commented: “The practice of inflating lungs after paralysing the
vocal cords with suxamethonium encourages entry into the lungs of regurgitated
material“; a classic understatement, if ever there was one. However, this observation
does go right to the heart of the matter, for inflation, whilst waiting for the onset of
ralaxation after the suxamethonium accounts for almost all fatalities from aspiration.
It may have escaped the notice of many anaesthetists that in 20% of patients who
receive suxamethonium, intragastric pressure rises sufficiently during muscle fascicu-
lation to open the cardio-oesophageal junction and decant any fluid there into the
patient’s pharynx [12]. Since most patients requiring anaesthesia, have already been
in childbirth for 12 h, they will almost certainly have gastric stasis, and therefore
regurgitation is most likely to occur.

Apart from admitted hazards, there are valid reasons to suggest that endotracheal
intubation is by no means necessary for the safe conduct of obstetric anaesthesia. In
1956, R.B. Parker, Lecturer in Obstetrics at Birmingham University, reported that in
the city of Birmingham between 1942-1952, 3048 general anaesthetics were given in
patients’ homes for forceps delivery using open drop methods, without either morbid-
ity or mortality [13]. Over the same period at the Birmingham Maternity Hospital,
there were 215000 deliveries with general anaesthetics; 8 patients died from aspira-
tion, all of whom had received nitrous oxide oxygen and ether. The explanation for
the poor showing of the hospital anaesthesia was that the patients were a greater risk.
This argument is fallacious because we are only discussing gastric reflux and its
aspiration into the lungs as a complication; the incidence of gastric content would have
been similar in the two groups of patients, possibly somewhat higher in the domiciliary
group, being under less direct nursing supervision. Correspondence in various jour-
nals following Parker’s article confirmed the superior safety of simple open drop
methods. My own practice, between 1936 and 1946, included constant and regular
obstetric anaesthesia. Inhalational methods were the commonest techniques (though
spinal was also used). Although intubation was never practised, there were no
pulmonary complications. Similar results were seen at the Kandang Kerbau Hospital,
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Singapore, a large hospital with several hundred deliveries a month, where all
anaesthesia was carried out by newly qualified housemen using open drop ether.
There were no pulmonary complications. Indeed, old-time anaesthetists know that
absence of protective laryngeal reflex is not necessary for any obstetric anaesthesic,
including that given for Caesarean section.

Whilst not advocating a return to open drop ether, I am suggesting that greater
consideration should be given to simple draw-over methods using an EMO inhaler or
similar modification, with a non-irritant agent like halothane, methoxyflurane or
ethrane; if these are thought too costly, trichlorethylene can give perfectly satisfactory
conditions for vaginal procedures.

Those who still have doubts about the hazards of relaxants should consider the
mortality figures of Mendelson’s series. Only two patients died, and both of these died
on the operating table having vomited a full meal. In the United Kingdom there is
almost 100% mortality after aspiration.

Could it be that Mendelson’s patients, receiving no relaxants, retained their
laryngeal and tracheobronchial activity sufficiently to prevent entry of acid gastric
juice into the alveoli, and that the resulting pneumonitis was the result of reflex
vascular changes following irritation by the acid gastric juice of the nerve endings of
the upper respiratory tract?

In patients who receive relaxants there is nothing to prevent the acid gastric
contents from reaching the alveoli during pulmonary inflation.
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3.7 Massive Blood Transfusions —
Warming of Bank Blood

C.P. Boyan

In the early 1950s in the United States the radical surgery
for cancer was in full swing. Aggressive surgeons like A.
Brunschwig, G.T. Pack, T. Miller, and others were try-
ing to conquer the disease by extensive excision of the
tumors. New operations — total pelvic exenteration,
hemicorporectomy, hemipelvectomy, liver resections,
etc. — were introduced. The Memorial Sloan-Kettering
Cancer Center in New York City was the front-runner of
this type of surgery.

During excision of tumors many large vessels were
opened, causing profuse hemorrhage. When these ves-
sels, expecially deep in the pelvis, retracted, hemostatis

C.P. Boyan was very difficult and the ensuing hemorrhage life
threatening. The hospital blood bank was able to provide
the anesthetic team with unlimited quantities of stored

blood and new techniques for massive transfusions were designed. At that time the
bank blood came in glass bottles; oxygen from a tank was introduced by a needle
through the rubber stopper and was able to propel the blood through the infusion set
in a few minutes. The danger of air embolus was great, and a trap bottle with normal
saline was introduced between the patient and the unit of blood to catch any oxygen
left under pressure in the blood bottle. The anesthesiologists were using diethyl ether
as an anesthetic agent. A brief experience with cyclopropane led us to believe that, in
spite of the claim to be the best agent for patients in shock, it should be avoided. The
incidence of cardiac arrest in patients receiving massive blood transfusion and anes-
thetized with cyclopropane was greater than those receiving diethyl ether. The
anesthesia teams who were responsible for the blood transfusion were able to watch
the profuse hemorrhage and were able to administer 10-12 liters of blood in a short
time. However, in spite of all efforts, the operative mortality of radical surgery was
quite high. A casual remark by one surgeon, who had lost two patients in one day as
the result of bleeding in the operating room, that “somebody is poisoning my
patients” gave us the stimulus to study intensively the problems with massive blood
replacement.

Our first step was to find the characteristics of a unit of bank blood preserved in
acid-citrate-dextrose media (ACD): The pH was low (6.6), due to the accumulation of
carbon dioxide (130 torr), lactic and pyruvic acid from the anaerobic metabolism in
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the red cells, and citric acid; the Ca** were very low, while the K* were higher than
normal; and the temperature was 4-5 °C. Next, we studied the same parameters in
the patients who were receiving large amounts of bank blood in a short period of time.
We found that the amounts of blood Ca** and K* were not significantly changed. In
order to find what happens to the ACD-solution we infused large amounts of it in
normotensive patients; after reaching 80 mg per cent the infusion was stopped, and
the patients were able to metabolize the citric acid rapidly without any adverse effects.
Then we decided to stop administering calcium gluconate as a routine during massive
blood replacement. The reason was that a hypoxic, hypothermic ventricle can easily
be made to fibrillate by the Ca*™*. Following this change in policy the incidence of
cardiac arrest during massive blood transfusion fell.

At that time a thermocouple thermometer was made available to us. It was
introduced into the esophagus behind the heart in order to measure the core tempera-
ture during the infusion of large amounts of bank blood. The very first patient in
whom we used this thermocouple showed that the temperature at a point very close to
the heart fell rapidly with the rapid administration of cold bank blood. When the
temperature reached 29 °C we saw changes in the ECG (prolonged S-T segment,
VPC’s bradycardia), and when it reached 26 °C the heart fibrillated and the patient
could not be resuscitated, although 17.5 liters of lost blood were properly replaced at
that time. It was evident that the low temperature caused the cardiac arrest. Based on
this observation a decision was made that the cold bank blood should be warmed to
body temperature when given in large amounts.

In the beginning we warmed the bottles of citrated blood ahead of the surgical
intervention, but this method was wasteful and often impractical. A better way had to
be found. After 2 weeks of work in the laboratory a mechanism was devised to warm
the bank blood while it was transfused. In essence, this apparatus consisted of 8 m of
sterile plastic tubing, 4.5 mm in diameter, wrapped around a coil and immersed in a
20-liter waterbath, the temperature of which was maintained at 37 °C by adding warm
water. This device can warm cold bank blood from 4 °-5.8 °C to 30 °-36 °C at
transfusion rates of 50—150 ml per minute. This blood warmer is easily incorporated
into the transfusion set during massive blood replacement. The first blood warmer
was a wastepaper basket in which the warming coil was immersed, and a simple bath
thermometer indicated the temperature of the water. The esophageal temperature
behind the heart was again measured in patients receiving large amounts of warmed
bank blood, and it was found to be maintained within the normal range. This was true
evenin a patient who received 15 liters of bank blood in 4 h. In addition, these patients
did not show the changes in the ECG, which had been previously seen with admini-
stration of large amounts of cold bank blood.

A physician who attended patients receiving multiple transfusions of warmed bank
blood was impressed by their clinical appearance. Those patients were warm, dry,
pink, with readily obtainable blood pressure and pulse, and regained consciousness
shortly after the end of the operation. This was in sharp contrast to patients who
received cold bank blood: They were cold, shivering, with mottled skin; blood
pressure and pulse rate were difficult to measure because of the extreme vasoconstric-
tion; and some had prolonged recovery from anesthesia.

Further proof of the value of warming bank blood was sought. Therefore, the
incidence of cardiac arrest in the operating rooms at the Memorial Sloan-Kettering
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Table 1. Cardiac arrest in the operating room among patients receiving massive blood transfusions

Warm bank blood Cold bank blood
Rate of transfusion Rate of transfusion
> 100 ml/min  50-100 ml/min Blood transfused, ml 50-100 ml/min > 100 ml/min
65 (2) 3000~ 6000 6(3)
9(3) 34(1) 6001 — 12000 14 ( 6) 10 (8)
4(2) 6 12000 5(3) 1(1)
13 (5) 105 (3) 25 (12) 11 (9)
118 (8) Total # of 36 (21)
6.8% patients 58.3%

Incidence of cardiac arrest

Cancer Center was compared in two groups of patients receiving 3000 ml or more of
citrated bank blood at a rate of 50 ml or more per minute. One group received cold
blood; the other group received the blood through the blood warmer. Patients in these
two groups represented comparable hospital populations who underwent radical
surgical procedures for cancer and were attended in the operating room by surgeons
and anesthesiologists with similar competence and experience. The incidence of
cardiac arrest in the cold blood group of patients was closely related to the speed of
transfusion. When 3000 ml or more of bank blood were administered at a rate of
50-100 ml per minute, there were 12 cardiac arrests among 25 patients. With blood
transfusion in excess of 6000 ml at a rate of more than 100 ml per minute, the number
of cardiac arrests was 9in 11 patients. The total incidence was 58.3%. Table 1 shows a
further breakdown of the total amount of blood transfused, the rate of transfusion,
and the number of cardiac arrests. In the warm blood group there were 118 patients
who had received 3000 ml or more of warmed bank blood at a rate of 50 ml or more per
minute; 8§ cardiac arrests were observed among these patients, representing an inci-
dence of 6.8%. The statistical difference between the incidence of cardiac arrest in the
cold blood group —21 out of 36 patients — and the warmed blood group - 8 out of 118
patients — is highly significant (x> = 44.5 P < 0.01). An important finding is the
decrease in the incidence of cardiac arrest among patients receiving blood at a rate of
50-100 ml per minute. In the cold blood group 12 out of 25 patients developed cardiac
arrest, while in the warmed blood group there were only 3 among 105 patients. This
again is a significant statistical difference y* = 35.7 P < 0.01). This rate (50— 100 ml per
minute) represents a clinically manageable speed of transfusion, leaving the tempera-
ture of the transfused blood as the main variable factor. If a higher rate of transfusion
is necessary, there are usually surgical difficulties present, which, coupled with errors
in rapid estimation of the exact amount of blood loss, may affect the end result.

The warming of cold bank blood to body temperature during massive blood
transfusions produced a dramatic reduction in the immediate mortality from 58.3% to
6.8%. This new technique was accepted rapidly throughout the world, and reports
from various medical centers confirmed its usefulness. Modern technology did
improve the warming devices, but the basic principle remains the same as postulated
in the late 1950s.



3.8 History of Fluid Administration During
Anesthesia and Operation

M.T.P. Jenkins

In the historical development if intravenous (IV) fluid
administration, three events in the remote past have
been epochal [1]: in 1628, Harvey’s description of the
circulation of the blood [2, 3]; in 1875, Lister’s proposal
of the germ theory [4]; and, in 1879 Bernard’s physiologi-
cal treatise on the “milieu interieur” [5]. In the recent
past, in 1959, a fourth epoch began with the publication
by Shires and his colleagues of a paper, “Changing con-
cept of salt water and surgery” [6].
Knowledge of the extracellular fluid (ECF) is not
recent. Bernard appreciated it as the immediate environ-
ment of the organism [5]. Gamble presented an excellent
description ot the ECF as an anatomical force lending
M.T.P. Jenkins stability to physicochemical conditions within the organ-

ism [7]. Until recent years it was thought that anesthesia
and operation invariably cause a renal intolerance to salt or a renal inability to excrete
administered salt. Based on present knowledge of sequestered edema, however, the
etiology of hyponatremia and oliguria is more likely the failure to administer sufficient
balanced salt solutions to replace that lost from the dynamics of the circulation
through translocation into edema sites and perhaps also into muscle cells.

The intravenous injection of drugs and fluids became a rational procedure after
1628, the year in which William Harvey published his findings on the circulation of the
blood. For 12 years, from about 1616, Harvey had been propounding his views in
lectures and demonstrations and probably had put them into practice in his wards at
St. Bartholomew’s Hospital, London. The history of intravenous infusions is closely
tied to the first experiments on injection of drugs performed by Christopher Wren,
mathematician and architect, who first injected drugs into the veins of animals in 1656
[8].

Johann Sigismund Elsholtz in the seventeenth century, State Physician to the
Great Elector of Berlin, was intrigued with the new art of injecting solutions into
veins; he called the procedure “The New Clyster,” combining the word “clysis,”
the washing out of a cavity, with the Greek word klyster, a syringe [9]. Many decades
then elapsed before these developments were intimately related to the treatment
of diseases, e.g., cholera (1831), diabetic coma (1874), and infantile diarrhea
(1915-1916).
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In 1831, O’Shaughnessy analyzed the blood of patients with cholera and proposed a
new method of treating the disease by the injection of large volumes of “highly-
oxygenized salts” into the venous system [10]. O’Shaughnessy recognized in his
proposal of therapy that venesection, the standard of the age, might possibly help to
oxygenate arterial blood, but he rejected this modality, proposing injection of power-
ful oxygenating salts directly into the veins. As knowledge of the epidemic of 1831
faded, so also the efficacy of saline therapy in cholera was forgotten in England. When
cholera reappeared in London in epidemic form 20 years later, the lessons from
O’Shaughnessy, Lewins [11], and Latta [12] were not recalled, although they had
been published in a prominent journal. Galenic treatment — bleeding, sweating, and
purging — became the fashion again, with the predictable dire results.

Forty-three years after the chemical changes in cholera were described, Fagge in
1874 employed those earlier observations in the treatment of diabetic coma [13]. In
1915 is was recognized that another deadly disease, infantile diarrhea, had many of
the features of cholera. As noted by Moyer [14], pediatricians have been preeminent
in the field of fluid balance since the stimulating work by Holt et al. in 1915 [15] and by
Howland and Marriott in 1916 [16], who infused salt solutions to restore the circulat-
ory dynamics of infants ravaged by diarrhea.

A second epochal event in the history of intravenous infusions occurred in
1875 with the publication of Lister’s germ theory, though it was not recognized as
epochal at that time, when sepsis was thought to be part of the natural course
of diseases being treated. No great argument is required today, however, in establish-
ing Lister as the Father of Antisepsis. The question of sterility of intravenous
solutions developed many years after the germ theory had been circulated and
accepted [4].

In 1879, only 4 years after Lister’s disclosures, a third epochal event occurred, as
Claude Bernard wrote of “that bit of primeval sea within us” [5]. He described it as the
“milieu interieur”, so isolated from the world that atmospheric disturbances cannot
alter it or penetrate beyond it. Nearly all studies of the complex biochemical system of
the patient relate to the internal milieu described by Bernard and to the attainment of
the state of balance known by the happy term “homeostasis.” Since Bernard’s
publication the human body has been described as a delicately balanced system
involving fluids, hormones, and electrolytes, recognizing that the individual cannot be
freed from an aquatic heritage.

Since 1905 there have been numerous investigations to show the depressant effects
of general anesthesia upon renal function, as expressed by urine formation. Early
references to the depressant effect of ether anesthesia on renal function include no
recordings of the preanesthetic preparation or of the administration of fluids, if any,
during the anesthetic course [17-21].

Saline solutions proved a boon to military physicians during World War I particu-
larly after a semi-closed system of administering 0.9% sodium chloride was devised
[22]. As transfusions of blood were infrequently given, there was an effort to use
colloidal solutions of gum acacia to bolster intravascular volume. With its high
molecular weight, acacia was slow to pass through the capillary wall into interstitial
fluid and it did exert a definite osmotic force [23, 24]. After the report in 1922 of
sudden death in two patients following intravenous injections of acacia, articles on
acacia seemed to drop from the literature [25]. Of course, the thesis of infusing
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substances which will stay in the circulation is misdirected. The true dynamics of the
circulation involves the interstitial fluid as well as the intravascular fluid. Water passes
through the capillary wall, as do all the electrolytes, urea, and glucose. During states
of capillary stasis, albumin, with a gram-molecular weight of 69000 and with an
ellipsoidal, cigar-like shape, can pass through intercellular pores into the interstitial
fluid, where it is also found in a concentration one-third of that in serum. Water and
electrolytes return to the circulation through the venous end of the capillary wall
because the oncotic pressure at that location exceeds the hydrostatic pressure. Albu-
min returns to the circulation through lymph channels to the thoracic duct.

Safety from bacterial contamination and from chemical pyrogens was not achieved
until the years immediately following World War IT, when hospitals began purchasing
solutions in sealed disposable bottles prepared by pharmaceutical manufacturers.
Disposable sterile intravenous administration sets also became available and gradu-
ally supplanted the reusable equipment.

Enthusiasm for parenteral alimentation was tempered with beliefs that the patient
would develop chills if the room-temperature solutions were administered too
rapidly. Consequently, much effort was devoted to keeping solutions warm with hot-
water bottles around the reservoir jars or by use of hot-water jackets [26]. Monitoring
the temperature of infused solutions excited only a brief flurry of activity and was
forgotten until the hazards of transfusing cold blood rapidly and/or in large volumes
were widely implicated in the 1960s in causing cardiac arrhythmias.

In the recent past, principally in the 1940s, there were many reports of specific
effects of anesthesia upon renal function; these were reported to cause a decreased
excretion of sodium in the postoperative period [27, 28]. There was a widespread
reluctance to administer salt-containing solutions, other than blood, until recent
years, when it has been established that the kidney responds to functional extracellu-
lar fluid volume, which is a major determinant of sodium excretion [6, 29-31].

Attitudes which were definitely against the use of salt solutions during anesthesia
and operation pervaded surgical practices during the years immediately following
World War II as a consequence of various interpretations of extensive research
findings and clinical impressions dealing with postoperative salt intolerance, the
depressant effects of operation and anesthesia on salt and water excretion because of
changes in renal function, and fluid translocations [32].

In 1950, Moyer authored an article based on data from clinical investigations [33].
In describing acute renal function changes associated with a major surgical procedure
he interpreted a clinical study to show that a salt solution is avidly retained intra- and
postoperatively. Over a short period of time in the summer of 1950 Moyer’s anti-salt
solution attitude underwent a change. It was altered because of postmortem findings
in a series of trauma patients operated upon while in states of hemorrhagic,
hypovolemic shock for whom only whole blood was used as the resuscitation fluid
[34]. The resultant congestive atelectasis stimulated Moyer and Jenkins to reproduce
the findings in laboratory procedures involving anesthetized dogs in which pulmonary
red cell mass was shown to increase while the pulmonary plasma volume decreased.
As a result of this combination of clinical experience and experimental meas-
urements, Moyer reversed his previous caveats against intraoperative administration
of salt solutions and directed that a regimen for fluids be implemented to include
balanced salt solutions [34].
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From this evolved an intraoperative fluid regimen for adult patients on the elective
surgical schedule. For the years 1950-1959 the plan was to administer lactated
Ringer’s (L/R) solution, alternating liters between plain L/R and 5% dextrose in L/R,
10 ml/kg body weight per hour plus L/R two times the measured blood loss, tempered
with reason as influenced by urine output. The tempering, or moderation, came in
1959 during the investigational work by Shires and associates, members of Moyer’s
department, which resulted in the provocative article, “Changing concept of salt
water and surgery” [6]. The formula of ml/kg body weight was continued but only for
the first 2 h. Longer cases were guided by urine output (50~100 ml/h, or about 1 ml/kg
body weight per hour). Blood loss was no longer employed as a guide to a specified
quantity of balanced salt solution.

Based on several articles by Shires, the term “third-space shifts” of fluids was
coined, an extrapolation from precise language not advocated by his reports. It does
indicate the functional loss of ECF from the dynamics of circulation, sequestered as
edema or translocated into muscle cells. For example, during an intraabdominal
operation in which adequate exposure is difficult to achieve and there is considerable
necessary manipulation of the viscera, there may be an ECF loss equivalent to
25%-30% of the preoperative volume. Such functional losses are essentially of
isotonic fluid, as indicated by serum electrolyte determinations. The losses represent
internal redistribution. Part of the internal loss is into the tissue adjacent to the
surgical wound in the abdominal wall. Additional ECF is translocated into areas
where salt water tends to be sequestered as edema in response to trauma, including, in
this example, the splanchnic bed, mesentery, the gut wall, and even into the lumen of
the bowel as ileus sets in. Particularly in shock, there may also be an intracellular shift
of fluid, with skeletal muscle cells being the major site of fluid and electrolyte
sequestration [35-37].

Edema of the abdominal wall (or any other surgical operation site) and ileus with
distension of the bowel have long been recognized, but the magnitude of the loss of
functional extracellular fluid has been elucidated only within the past three decades by
the reports made by Shires and his research and clinical associates. Another early
publication of Shires et al. described the distrubutional changes in ECF during acute
hemorrhagic shock [38] and established the rationale for fluid therapy in shock [35,
39, 40].

Shires and his associates continued this work and delineated a depression of
transmembrane potential difference and an elevation of interstitial potassium in
hemorrhagic shock [37]. Increasing interstitial potassium reduces the efficiency of
an active ionic pump mechanism or a selective increase in muscle cell permeability
to sodium, related to the shock state. These latter studies utilized an ultra-micro-
electrode to measure directly the difference in electrical potential between the inside
and the outside of a muscle cell. The data suggest that muscle cells may be a principal
site of fluid and electrolyte sequestration after severe, prolonged hemorrhagic
shock [41].

No one regimen for fluid administration will apply to all patients with varying
physical status and disease processes scheduled for a variety of operations. It is
acknowledged that, throughout the world, many differing routines for intraoperative
fluids are followed. These routines may range from no fluids at all to blood only, and
some may include albumin or mannitol on a definitely timed basis. Under any regimen
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it seems that a majority of patients survive, some because of fluid administration and
others despite it.

Central to modern precepts is that homeostatic mechanisms in the anaesthetized
patient are best maintained if fluid administration helps to preserve normal renal
function while replacing ECF translocated from the dynamic pool. This regimen,
therefore, is strongly influenced by recent developments in the history of sequestered
edema [38].
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3.9 Birth of Neuroplegia and Artificial
Hibernation in France

P. Huguenard and N. Dufeu

Background

The principal goal of resuscitation is restoration of breathing. The French expression
réanimation also denotes restoration of vital vigour. It is reasonable, then, to spare the
body’s energies before having to restore them.

Economizing the energy pool of an organism requires the attenuation of its reac-
tions to aggression. Attenuation of excessive reactions is equal to sedation, which can
be achieved by means of anaesthesia. However, deep anaesthesia may necessitate
intoxication, which should be limited. In order to limit the intoxication one should use
diversified molecules, each having very different pharmacokinetic properties, and
efficient sedation shoud act on several neurotransmitters: adrenaline, noradrenaline,
acetylcholine, histamine and others. At present, the targets are the receptors sites
for morphinomimetics, diazepine and dopamine (neurotransmitters and neuro-
modulators). A mixture of several drugs which act differently was rapidly named a
“cocktail”. As such drugs were supposed to have a destructive effect, or at least a
destructurizing effect on the nervous system, they were classified as neuroplegics or
neurolytics, and their mixtures as lytic cocktails. They were then re-classified as
neuroleptics; however this group included other drugs that did not have much in
common with them, thus provoking a certain confusion. That is why it was necessary
to define which drugs were sedative neuroleptics (antinoradrenergics) and distingu-
ishable from the antidopaminergics.

In some extreme situations, the organism’s energy expenditure is not lowered
enough by sedation alone. Metabolism decreases with temperature, and it is possible
to associate refrigeration with sedative drugs. Such association is facilitated by the fact
that neuroplegics, by attenuating the reactions to cold, limit thermogenesis and
increase thermolysis by their vasodilating effects.

Developments Before 1950

The idea of diminishing nociceptive reflexes in an organism subjected to agression was
not very new. It can be attributed to G.W. Crile, who described the use of a
morphinomimetic and of a peripheral block to complete general anaesthesia. Several
ganglioplegic agents were tried, followed by the intravenous administration of local
anaesthetics [1-3]. But the essential event was the introduction of phenothiazines in
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anaesthesia: The first one to be introduced was promethazine (Phenergan), recom-
mended by H. Laborit in 1951. The drug had been used by H. Laborit and P.
Huguenard since 1950 for its antihistaminic and hypnogenic properties, and for its
action on neurovegetative stabilization [4]. Furthermore, Laborit’s idea was to
recommend the use of an antiparkinson drug for anaesthesia: diparcol or diethazine.
In combination with pethidine (Meperidine) it was called Dipdol. The Dipdol mixture
causes a particular state of euphoria, tranquillity and indifference, and the first patient
to receive this mixture was a nurse undergoing rhinoplasty. She declared after the
operation, “I perceived the hammer strokes as if they hit somebody else’s nose.” This
remark interested a psychiatrist, Mrs. Cornelia Quarti, and was important in the early
development of psychopharmacology.

Research in the pharmacological laboratories of the Rhone-Poulenc-Spécia firm
produced a vasodilating and hypotensive agent (4560 RP) that was just what we were
looking for. The 4560 RP was chlorpromazine, later named as Largactil [5]. Clinical
experimentation was done in less than a year. We were indeed most enthusiastic about
the product’s neurovegetative effects, and only observed “ a certain tendency to sleep
and an indifference of the patient to everything occurring around him”. We used the
expression “pharmacological lobotomy”, created by J. Lassner for Dipdol, and
arrived at the conclusion that “4560 was destined also for use in obstetrical analgesia
and psychiatry” [6, 7].

For anaesthesiologists, the main advantage of phenothiazines consisted in their
antireflex and antishock effects, and the drugs were used for this purpose all over the
world [8, 9]. The use of vasodilating antireflex drugs was discussed for along time, and
the need for improvement of tissue perfusion was finally admitted by the majority of
authors [10]. Quite rapidly it became clear that the favourable effects observed were
only due to chlorpromazine and not to antinociceptive sedation; other molecules were
successively tested, first alone, and then combined in lytic cocktails {11].

The combination of neuroleptics and analgesics, called neuroleptanalgesia, was
introduced in Belgium as early as 1958 by J. de Castro. It must be recognized that the
efficiency of lytic cocktails of “potentiated anaesthesia” or “vigil anaesthesia” —
according to the terms also occasionally used nowadays — owes a great deal to the new
analgesics, for the most part developed by P. Janssen. The first mixture we produced
(1951 -M 1), which we still prescribe regularly in our intensive care unit, consisted of
chlorpromazine,promethazine and pethidine (Dolosal). The next mixture (1955 -
M 2) was Hydergine, promethazine and pethidine. The third (1959) was acetyl-
promazine + Xylocaine, and one of the last (1960) was Taractan + dextromoramide.
Benzodiazepines, with their action on the limbic system, could be combined with
neuroleptics and sometimes served as hypnotics [12, 13, 14, 15]. Lytic cocktails, at
high doses, depress ventilation and induce an overproduction of carbon dioxide. It
very soon became apparent that efficient ventilation had to be ensured [16].

Atrtificial Hibernation

Hypothermia potentiates the decrease of metabolism in neuroplegia. We first used
the technique in 1949-1950 [17). It became quite easy to add general refrigeration to
the administration of a lytic cocktail, as no vegetative reactions occur. That is what we
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did for the first time in 1951, on an elderly woman, suffering from biliary peritonitis,
hyperthermia, cyanosis, marbling, cardiovascular collapse and oliguresis. Looking
back, it appears that luck and intuition compensated for a relative lack of preliminary
experimental studies. This first success stimulated continuation in the same direction,
and the ten following years saw a succession of studies and publications on this
method, which rather resembles the hibernation of some homothermic species
[18-20]. The technique and the use of artificial hibernation soon became widely
recognized [21] and enjoyed considerable popularity in intensive care and surgery
[22-25].

Epilogue

Nowadays (1982), it is difficult to determine with precision what remains of these
ideas concerning the “protection” of the organism by a neuroplegic or a neurolep-
tanalgesic sedative, associated or not with refrigeration. It seems that the methods
derived from these theories are still in use. Sometimes they remain unaltered, such as
Ml or Taractan-Palfium; on other occasions they have been modified by the use of
new products. However, one must, with modesty, recognize that the terms “lytic
cocktail” and “artificial hibernation” have disappeared from daily use in anaesthesia.
Sometimes, an antiadrenergic sedative is still used, coupled with hypothermia, but the
name is different.
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3.10 The Treatment of Shock with
Vasodilating Agents

Bjgrn Ibsen

It is a great honour for me to have been asked to describe
the medical field in which I worked in the early 1950s,
which led to a medical change in the approach to the
treatment of shock. In those years change in more than
one respect took place in the treatment of severely ill
patients. It was obvious that the problems these patients
presented were mainly respiratory and circulatory.

In 1950 Bower et al. published the results of their
treatment of respiratory insufficiency in bulbar polio-
myelitis cases [1]. Within 3 years the mortality was
brought down from 88% to 20% by the early use of
tank respirators. At the same time, in Europe - I think
it was in Liibeck — a 10-year-old boy with poliomyelitis

Bjorn Ibsen had been kept alive for 2 weeks with artificial ventilation
by the Holger-Nielsen-method, given by the doctors
involved.

The maintenance of free airways in clinical medicine was a neglected problem. I
have often been surprised how obvious clinical observations could be given a terribly
wrong explanation. As an example of this I can mention the case of a patient at that
time with a cerebral haemorrhage and snoring respiration who became cyanotic. The
conclusion was: When there is enough blood in the brain the patient becomes
cyanotic. Similarly when patients under ether anaesthesia became cyanotic, it was
concluded that when there is enough ether in the brain patients become cyanotic.
When I was called upon in August 1952 at the beginning of the great polio epidemicin
Copenhagen I asked, “Why are the patients cyanotic?” And the professor said,
“When there is enough virus in the brain the patient becomes cyanotic.” As a matter
of fact, he was right.

Nevertheless, it was possible at that time to maintain a good colour in patients
during anaesthesia, in spite of what was in the brain. This was due to endotracheal
intubation and assisted or controlled ventilation. It was therefore easy to suggest an
anaesthetic approach to the management of polio patients in respiratory insufficiency.
Furthermore, it turned out that the clinicians in charge of the polio patients had not
been aware of an elementary factor in respiratory physiology. When one of their
patients became cyanotic, oxygen was administered without a change in ventilation.
The anaesthetists knew by experience that this would lead to an accumulation of
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carbon dioxide, and although the clinical signs of this were observed in the polio cases,
they were blamed on the polio virus in the brain.

Tracheostomy and manually controlled ventilation with a “to-and-fro” system and
a Waters’ cannister was the treatment recommended and performed. To illustrate the
situation I can recall that when I first suggested a tracheostomy I was informed that
this had been done in 17 cases before with the result that they all had died. When the
epidemic was at its peak, 90 patients were receiving the mentioned treatment at the
same time. The artificial ventilation was given manually by medical students. After
the acute respiratory problems had been solved, as a result of the new technique, most
of the patients were then found to be in a condition of clinical shock.

The Danish professor of pharmacology, K.O. Mgller, had published a monograph
in 1936, entitled The Treatment of Shock [2]. It was based on the concept that it was of
primary importance to maintain a reasonable blood pressure. If necessary, this had to
be done with the help of a vasoconstricting agent in an intravenous drip. This often led
to a lavish use of these drugs in the polio patients as well. I could therefore observe the
results of this treatment carried out for, say, 3-6 weeks. The patients developed
hyperthermia and pulmonary oedema, and some had gangrene of the fingers and toes,
before they finally died.

I have mentioned the polio epidemic because the observations on the patients in
shock convinced me of the inadequacy of the conventional treatment given at that
time. Later on I realized that we had been thinking then in terms of blood pressure and
not in terms of flow. That kind of treatment can now be characterized as blood-
pressure cosmetics.

In 1951 I had seen a publication by H. Laborit and P. Huguenard about their lytic
cocktail — a completely new approach [3]. We were then running the international
course in anaesthesiology in Copenhagen under the World Health Organization.
Some of the most outstanding British and American anaesthetists were working with
us as instructors. I discussed the new approach with them. They could not, for some
reasons I do not recall, accept the explanations given by Laborit and Huguenard. My
reaction to this was that maybe there could be some difference of opinion as far as the
explanations were concerned, but that did not necessarily exclude the possibility that
the authors’ observations from a clinical point of view could be valuable and correct.

I studied the literature about the circulatory effects of chlorpromazine when this
was given alone. I especially remember a series of experiments in which a shock
condition had been inflicted in rabbits. On those which had received chlorpromazine
beforehand, no pooling of blood was found in the splanchnic area at the autopsy;
whereas the animals which had received no chlorpromazine showed a marked pooling
of blood - an observation which could be compared with the effect of a spinal
analgesia. During major abdominal surgery the bowels would be pale and constricted
when a spinal was given.

In December 1953 I had opened the first intensive therapy unit run by anaesthetists
in Denmark, and there the interest in temperature measurements was initiated in a
rather peculiar way. (I shall not recall how here.) In 1936 Johannes Ipsen, a Danish
surgeon, had written a thesis about skin temperature measurements [4]. Ether had
previously been administered as the main anaesthetic agent. When he was about to
operate, the skin temperature of the patient’s feet was measured. The operation was
not started until this temperature had risen. Ipsen also measured the changes in skin
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temperatures during spinals. In 1954, after finishing the literature studies, I was ready
to try the use of chlorpromazine in the treatment of shock, where conventional
treatment had not led to a satisfactory result. I was therefore inclined to follow the
possible effects on different temperatures on the patients. Before an attempt was
made in the first cases, I had demanded a written statement in the record by the
surgeon, confirming that the patient was moribund. Then, later on, when the patient
was out of shock as a result of the radical change of treatment, I was in a position to
ask, “Why didn’t we start this treatment earlier?”

I hope I have now given you a picture of the considerations which caused me to
continue using vasodilating agents followed by further infusions in the treatment of
shocked patients not responding to conventional treatment. It is very easy to conclude
that shock with peripheral vasoconstriction blocked the distribution of heat and that
chlorpromazine re-established this distribution. As one may see, in the previous
respiratory problems with the polio patients an elementary physiological function had
been neglected, namely the elimination of carbon dioxide. In the treatment of shock
another fundamental physiological function had been overlooked, namely heat regu-
lation.

Heat regulation in man involves two prerequisites: (1) that the heat can be carried
to the surface; and (2) that the patient is in climatic conditions where the heat can be
eliminated. This, then, was the background for the installation of air conditioned
rooms in our department. They served two purposes:

1. To maintain the patient in a constant climatic environment in order to make sure
that a change in skin temperature was not due to a change in the climatic conditions
in the environment.

2. To ensure a sufficient elimination of heat in the environment. We installed cool
ceilings to enhance the heat elimination by radiation.

In conclusion in the primary treatment of shock with peripheral vasoconstriction,
inhalation of oxygen and conventional intravenous treatment should be given with the
patient in a slight head-down position. When filling of the external jugular vein is
observed, stop and think. If the blood pressure has not risen and the rectal tempera-
ture is still high and the toe temperature still low, further infusions may provoke
pulmonary oedema. To avoid this, one can change the regimen and give 2 mg
chlorpromazine IV, followed with fluids, then 5 mg and further fluids, continuing with
this until the peripheral temperature goes up. This allows the patient’s, circulation to
be re-established and consequently allows his body heat to be carried to the surface.
Thus the primary step in bringing the patient out of shock has been reached. Later,
Lord Brock et al., in an article in the British Journal of Surgery, summarized their
impression of my work as follows: “Open up and fill up. Stop when the feet get warm”

[5].
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3.11 The Lytic Cocktail, 20 Years On

D. A.Buxton Hopkin

The early claims that, the lytic cocktail produced auton-
omic disconnection and a state akin to hibernation are
not unreasonable, when one considers how much
emphasis was laid on the hypothermic and the metabolic
and central nervous system depressant properties of
chlorpromazine in the early accounts of its pharmacolog-
ical properties [1]. The passage of time has modified
some of the more esoteric claims, especially concerning
its action on metabolic processes. Whilst it has to some
extent been overshadowed by neuroleptanalgesia, there
is general agreement that chlorpromazine is the real
active constituent, although many misconceptions con-
tinue to exist about its exact mode of action. In this paper
I will attempt to clarify the position, in the hope that a
better understanding will encourage wider use of chlor-
promazine in anaesthesia, as well as in the prevention and treatment of all shock
states, irrespective of their origin.

Most textbooks of pharmacology classify chlorpromazine as a mild, peripheral/
alpha adrenergic blocker, because it prevents or reverses the hypertensive action of
both adrenaline and noradrenaline, as well as protecting experimental animals against
lethal doses of these agents.

There are, however, sound reasons to believe that these effects are not the result of
peripheral alpha blockade, but of an action on the central nervous system. First, the
reversal of the effects of adrenaline and noradrenaline only occurs after intravenous
injection. After intra-arterial injection the constrictor action of adrenaline is only
reduced [1]. Second, in human subjects the vasodilator action of chlorpromazine is
much more pronounced after intravenous injection than after intra-arterial injection
[2]. In other words, if chlorpromazine passes through the brain before reaching the
periphery its effects are more marked. Third, Rogitine, a typical alpha adrenergic
blocker, controls the hypertensive crises of phaeochromocytoma caused by the action
of catecholamines of alpha receptors, whereas chlorpromazine is ineffective. Fourth,
Rogitine does not prevent centrally induced vascular responses, the result of irritation
of sympathetic nerves (phenomenon of Reilly and Selye’s acute stress), which chlor-
promazine prevents in 60% of susceptible animals [3]. It is the only compound so far
produced which has this effect. The pathological vascular changes, known as the
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phenomenon of Reilly, are indistinguishable from those occurring in human subjects
dying from overwhelming bacterial infections [4].

The central action of chlorpromazine has not attracted the attention it deserves,
mainly because the research work has been carried out by neuropsychiatric special-
ists, whose interest was aroused by the successful use of this drug in the treatment of
schizophrenia.

It was soon established [5] that chlorpromazine had no action on cholinergic
mechanisms in the cerebral cortex but depressed activity in the brain stem reticular
formation, which a few years previously had been shown to have a regulatory
influence on the alert state of the cerebral cortex. Stimulation, either directly or
indirectly through peripheral nerves, converted an EEG of sleep into one of wakeful-
ness, accompanied by the appropriate behavioural changes [6]. Furthermore, it was
shown that a wide variety of anaesthetic agents, deprivation of oxygen by the action of
cyanide and deprivation of glucose by the action of insulin were accompanied by a
total blockade of this particular effect [7].

But to return to chlorpromazine: The depressant effect of chlorpromazine was
shown to arise through interruption of activity at the point where collaterals entering
the reticular formation from the specific sensory pathways made synaptic junction
with reticular neurones. Since it was already known that chlorpromazine had no
action on cholinergic transmission in the central nervous system, it was agreed that the
neurotransmitter at the point between the collaterals and reticular neurones was non-
cholinergic in nature and probably related to a catecholamine [8]. Confirmation of
this supposition was obtained when microiontophoretic studies revealed that chlor-
promazine was capable of antagonizing the excitatory effects of noradrenaline on
reticular neurones [9], which, in the opinion of some pharmacologists, would justify a
classification as a central nervous alpha-receptor blocker.

How the indirect depressant action of chlorpromazine on reticular neurones differs
from that of an anaesthetic (thiopentone) is well shown in the following experiment,
which recorded activity through a microelectrode placed in an isolated reticular
neurone [9]. Spontaneous and undepressed response to stimulation of fore- and
hindlimbs and tip of the nose were more than halved following a small 2 mg/kg dose of
chlorpromazine. (It is worth noting here the response of a single reticular neurone to
stimuli of varying origin, including somatic and cranial nerves, illustrating an out-
standing characteristic of this part of the brain, namely the non-specific nature of its
response to external stimuli.) The depressed activity arising from the chlorpromazine
could not be increased beyond a certain point, no matter how large the dosage of the
drug was given. In no circumstances was activity ever abolished. However, after a
small dose of thiopentone (known by previous experiments to be less than a sleep dose
for the normal animals) reticular activity was completely abolished for 20 min, after
which it returned to its depressed state.

This experiment demonstrates quite distinctly that chlorpromazine (although with-
out direct activity on the neurones of the reticular formation) can, through an
antagonism to noradrenaline, induce a deafferenting effect which reduces the
intensity of response to incoming stimuli. This is reflected not only in its effects on the
activity of wakefulness but on many other vital bodily functions, almost all of which, in
one way and another, concern homeostasis.
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For over a 100 years the pontine and medullary part of the brain (which contains the
reticular formation), has been referred to as “Le Noeud Vital”, although how or why
this was so remained a mystery. Certainly no other part of the brain intervenes in so
many vital functions. Besides respiratory and vascular activity, vomiting, muscle
tone, cerebellar coordination and intestinal movements come under its control, whilst
temperature control and endocrine activity do so through upward connections to the
hypothalamus and pituitary.

The possible consequences of noradrenergic synaptic transmission in the central
nervous system has been much expanded by histological fluorescent techniques,
which have revealed the existance of an extensive noradrenergic neuronal system in
the reticular formation [10, 11]. Noradrenergic neurones in the region of the locus
coeruleus pass upwards to the hypothalamus, receiving rich contributions from
specific sensory pathways, cranial nerves and visceral sources, including the gastroin-
testinal tract, the lungs and the cardiovascular system. Axones from this area also pass
downwards to the lateral sympathetic outflow of the spinal cord, thereby influencing
directly the peripheral circulation through the noradrenergic terminal varicosities of
the sympathetic nerves, which are found most abundantly round the entirely muscular
terminal arterioles, thus conferring on them what has been described as “a sphinc-
terific function” and complete control of the peripheral circulation. All recent
research into the mechanisms of shock implicates the hypothalamus and the central
nervous noradrenergic activity. Disturbance of temperature regulation is an early sign
[12]. In established shock histological changes, have been demonstrated in terminal
axones of the noradrenergic neurones, originating in the locus coeruleus, accom-
panied by increased turnover and reduced concentration of noradrenaline in exactly
the same areas [13].

This recent addition to the knowledge of the neurophysiological mechanisms of the
reticular formation and hypothalamus in response to injury offers an explanation of
how a substance like chlorpromazine, by reducing response to incoming stimuli
without abolishing them, could regulate vascular response to injury and prevent the
“vascular decay” characteristic of irreversibility, whilst at the same time allowing the
body’s natural defence mechanisms to build up resistance and initiate the process of
healing. This type of action has important relevance in the treatment of shock, which,
hitherto, has been directed towards the reversal of vasoconstriction by blockade of all
outgoing nervous activity. Apart from some success in cases of early haemorrhagic
shock, this treatment has not been successful [13]. Indeed, the recent demonstration
that total chemical sympathectomy increases rather than decreases mortality from
experimental shock explains why this should be so. It does, however, justify the
conclusion that sympathetic responses (including cardiovascular) to injury are protec-
tive and deserve control rather than suppression. This justifies an approach of
prevention by deafferentation. The deafferenting action of chlorpromazine on the
brain stem reticular formation accounts for all of its divergent pharmacological
actions, as well asits undoubted value in the prevention and treatment of shock states.

In conclusion, here is a simple, well-established explanation of how deafferenting
action prevents shock. It is a fact that although chlorpromazine has no direct action on
the posterior pituitary, it does reduce the antidiuretic response to pain and injury - by
a deafferenting action [14]. It is a fact that destruction of the posterior pituitary, and,
with it, reduction in the secretion of antidiuretic hormone prevents the onset of
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irreversible haemorrhagic shock [15]. It is an agreed fact, both from clinical and
experimental experience, that chlorpromazine can prevent irreversible haemorrhagic
shock [16]. It is finally a fact that when chlorpromazine is used as part of anaesthetic
technique for major surgery, or in the prevention and treatment of shock states,
urinary suppression never occurs and urinary output always exceeds 1 litre in 24 h.
These facts alone justify a much wider use of chlorpromazine in anaesthesia and
surgery, and I shall never understand why more interest has not been shown in this
compound over the past 20 years.

References

\o oo

10.

11.

12.
13.

14.

15.

16.

. Courvoisier S, Fournet J, Ducrot R, Nolsny M, Koetschet P (1953) Propriétés pharmacodynami-

ques du chlorhydrate de chloro-3 (diméthyl-amino-3’ propyl)-10 phénothiazine (4.560 R.P.);
étude expérimental d’un nouveau corps utilisé dans I’anesthésie potentialisée et dans I’hiberna-
tion artificielle. Arch Int Pharmacodyn 92: 305-361

. Foster CA, O’Mullane EJ, Gaskell P, Churchill-Davidson HC (1954) Chloropormazine. A study

of its action on the circulation in man. Lancet 2: 614-617

. Reilly J, Compagnon A, Tournier P, du Buit H (1954) La prévention et le traitement des

accidents observés chez les typhiques aprés administration de chloromycétine. Etude expérimen-
tale et déductions thérapeutiques. Ann Med (Paris) 55: 5-34

. Marquezy RA, Ladet M, Gauthier-Villars P (1938) Les lésions viscérales au cours du syndrome

malin toxi-infectieux. Le role de systéme neurovégétatif. Bull Mem Soc Med Hop (Paris) 54:
923-932

. Bradley PB (1957) Microelectric approach to the neuropharmacology of the reticuloformation.

In: Garattini S, Ghetti V (eds) Psychotropic drugs. Elsevier, Amsterdam, p 207

. Moruzzi G, Magoun HW (1949) Brain stem reticular formation and activation. Electroence-

phalogr Clin Neurophysiol 1: 455-473

. Magoun HW (1955) In: Neuropharmacology. Macy, New York, p 145
. Bradley PB (1960) Henry Ford Int Symp, p 123
. Bradley PB (1972) The actions of drugs on single neurones in the brain. Prog Brain Res 36:

183-187

Dahlstrom A, Fuxe K (1964) Evidence for the existence of monoamine - containing neurons in
the central nervous system. Acta Physiol Scand [Suppl] 62: 232

Fuxe N, et al (1970) In: Nauta WIH, Ebbeson SOE (eds) Contemporary research methods in
neuroanatomy. Springer, Berlin Heidelberg New York, p 274

Stoner HB (1970) Energy metabolism after injury. J Clin Pathol [Suppl A] 23: 47

Stoner HB, Marshall HW (1970) Studies on the mechanism of shock. The importance of central
catecholaminergic neurons in the response to injury. Br J Exp Pathol 56: 157-166

de Wied D, Jinks R (1958) Effect of chlorpromazine on antidiuretic response to noxious stimuli
(24241). Proc Soc Exp Biol Med 99: 44-45

Errington ML, Silva Rochas M Jr (1974) On the role of vasopressin and angiotensin in the
development of irreversible haemorrhagic shock. J Physiol (Lond) 242: 119-141

Hershey SG, Zweifach BW, Antopol W (1956) Factors associated with protection against
experimental shock. Anesthesiology 17: 265-276



3.12 The Use of the Cuirass Ventilator, Belt Type
I. McLellan

The use of cuirass belt ventilation developed from a case
of progressive muscular dystrophy; the patient had
periods of inability to breathe, and was treated by man-
ual artificial respiration. Sir William Bragg suggested the
use of a football bladder strapped to the chest and con-
nected by a tube to another bladder fixed between hinged
boards which could be compressed by hand or foot, thus
giving forced expiration and passive inspiration. As no
electricity was available at that time, Sir William asked
Mr. R.W. Paul to make a hydraulically operated
machine. It was used for 17 h a day (the patient not liking
the constriction) during the remainder of the period the
manual method was used. The football bladder was
replaced by a rubber hot-water bottle and later by a belt
containing a rubber bag covered with strong linen. This
worked well for 3 years, with one problem during a hard winter, caused by the water
supply freezing in the pipes. Mr. Paul then developed the machine to utilize the mains
electricity supply or even batteries, and by 1935/1936 this apparatus was available for
use in hospitals [1].

The apparatus consisted of a rubber bellows, 22 cm in diameter; the upper end of
the bellows was fixed, and the lower end was connected to a plate which was raised
and lowered to compress the bellows by a crank mechanism driven from an electric
motor by a belt drive. At the upper end of the bellows was a large nozzle for
connecting to the patient’s belt, a small nozzle through which air could be introduced
and a manometer connection. On later models there is also a built-in hand pump to fill
the bellows and belt. The belt was made of heavy rubber of a rectangular shape. The
outer surface had canvas straps with chain clips, and at each end of the belt was a
rubber tube, both of which came to a T-connecting joint and fitted to the outlet part of
the bellows. There were three sizes of belt. In use the belt was fitted round the
patient’s lower thorax and upper abdomen. The belt was filled with air up to a
pressure in an adult of 30 or 40 mmHg and the apparatus was then switched on. The
motor would give by adjustment a rate of 13-27 compressions per minute. The
pressure required was monitored by the manometer gauge and was up to 25 mmHg for
children in the age group 4-5 years, but up to 35 mmHg in an adult. As the belt s filled
by the machine, the patient’s lower thorax and upper abdomen are compressed and
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air is forced out of the lungs; as the belt empties, the pressure is released and
inspiration takes place passively.

In the Medical Research Council Report in 1939 on breathing machines and their
uses in treatment it is stated that the Drinker tank respirator and the Bragg—Paul
pulsator were the only machines in widespread use in Great Britain and Ireland.
In all, 120 patients approximately had been ventilated using the Bragg—Paul
pulsator, of whom 56 survived. Discussion took place at this period as to which
was the best form of ventilation, particularly in relation to the diphtheria and polio-
myelitis epidemics which occurred in 1938/1939. At first sight it appeared that the
tank ventilator was more successful, as the survival rate associated with its use in
poliomyelitis was higher. However, the Medical Research Council pointed out that
as the Bragg—Paul pulsator was more portable, it was more likely to be used in the
utmost emergency situation and therefore had the potential of being used by less
skilled operators, whereas the tank respirator would tend to be used in a centre
which had the necessary expertise. When institutions which only dealt with one case
were analysed, it turned out that the mortality was the same using either method of
ventilation [2].

At this time, Lord Nuffield offered to supply the Both modification of the tank
respirator free to any hospital in the United Kingdom and the British Empire. This
offer represented a considerable benefit to the hospitals, as at that time the Both
modification of the tank ventilator cost about £ 100, and the Bragg—Paul pulsator
about £ 80. If the widespread use of the negative-pressure tank ventilator had not
been facilitated by this offer, it is probable that the pulsator would have been further
developed and kept in widespread use. When World War Il started, the British Navy
purchased all available supplies of the belts and pulsators. Little was then heard of the
positive-pressure cuirass until 1957, when Herbert Pinkerton of Glasgow developed a
manual cuirass belt for use during upper respiratory tract endoscopy. Because of the
problems of oxygenating patients during bronchoscopy in particular, some workers
used cuirass shells, but these were not totally satisfactory.

Pinkerton’s cuirass was a modified sphygmomanometer cuff strapped around the
chest just below the nipple, with the distensible part extending on each side of the
patient to the posterior axillary line. The original models were filled by squeezing the
bag on the Magill circuit that was connected to this belt; however, the later production
model hat its own bag. The bag and belt were filled before the procedure started.
Once the patient was paralysed, the bag was squeezed to produce active expiration,
and on its release passive inspiration occurred. The side tube of the bronchoscope was
fed with an oxygen supply of 5 litres/min, and the case quoted shows that the oxygen
saturation during a 25-min bronchoscopy fell only on two brief occasions to 80% -
during induction and when the bronchoscope was deep in the left main bronchus. This
technique seems to have been widely used, but there was little further information.
However, I discovered a Pinkterton cuirass tucked away at the back of a cupboard in
our departmental office. It had presumably been replaced by apnoeic oxygenation
and then by the introduction of Sanders, Venturi. In our brief study of the positive-
pressure cuirasses, we have been impressed by the ease of fitting and apparent
comfort in wearing. It would seem that this very simple method of artificial respiration
has been undervalued, and I would suspect that in the future we may see a further
resurgence of its use.
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3.13 A Mechanical Heart-Lung Machine
for Use in Man

M.P. Theunissen

In the past, heart surgery — open or closed — lagged far
behind surgical advances in other fields. This was partly
due to the long-held belief that the heart was the seat of
the soul; even today it retains something of a magic aura.
Moreover, the surgeons were also restrained by the
threats and warnings of their colleagues. For example,
Billroth wrote in 1883, “Any surgeon who should ever
attempt to stitch a wound of the heart can be certain of
losing the respect of all his colleagues for ever”; and
Paget wrote in 1896, “No new method and no new discov-
ery can overcome the natural difficulties that attend a
wound of the heart.”

Nevertheless, interest in, and the medical necessity
for, heart surgery continued to increase to an extent
which finally stimulated the search for a means of arrest-
ing the heart beat for a period of time with out permanent damaging any part of the
body. Cooling of the whole organism was employed to depress the metabolic
demands, combined with the use of a mechanical substitute for the heart or for a part
of it. An example of the latter method was a pump which replaced the right or left side
of the heart while the lungs continued to function.

In 1948, Prof. J. Jongbloed, Professor of Physiology at the University of Utrecht,
expressed the opinion that only complete replacement of the heart and lungs was
likely to be successful. He was the first person in the world to present his viewpoint.
Although others were at that time engaged in experiments with exclusive perfusion of
the brain in animals, Jongbloed thought that this stillimposed too great a limitation on
the operating time and he found non-perfusion of the spinal cord and of the heart itself
unacceptable. It occurred to Jongbloed that such a heart-lung machine as he envis-
aged could be extended in its use to cases of diphtheria, where it could replace and rest
the heart for a few days or, alternatively, to allow inflammation of the lung to subside
after a pneumonectomy.

Prompted by a cardiologist and one or two surgeons, Jongbloed began the develop-
ment of his machine. The early trials in dogs were so encouraging that he felt able to
announce, “We will proceed to construct a mechanical heart for use in man” [1]. By
the end of 1948 he had succeeded in developing a machine with the capacity required
for an adult [2] and in the same publication he described for the first time a new type of
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artificial lung, the spiral oxygenator. In an extensive, illustrated article Jongbloed
described his machine in great detail, ending with the words, “We believe that our
apparatus, from a technical standpoint, can be considered ready for trial in Man” [3].
He was the only person in the world at that time who has produced a heart-lung
machine with such a capacity.

In 1950, Jongbloed and his colleagues made a film showing the filling and the
functioning of the apparatus and its use during an operation on a dog. The machine
worked as follows: Via cannulae in both vena cavae, venous blood was continuously
suctioned off by six air-driven Dale—Schuster pumps and conducted by means of a
series of valves into six spiral oxygenators which rotated continuously. The blood was
oxygenated by converting it into a film and bringing it into contact with a stream of
oxygen — the “open oxygenation” method. The total minute volume was approxi-
mately 4 litres/min and the oxygen intake 250 ml/min. According to Jongbloed, this
was sufficient for an adult under basal resting conditions. The oxygenated blood was
collected in a glass reservoir suspended by spiral springs so that it rose and fell
according to its weight and therefore to the amount of blood it contained. The
oxygenated blood was sucked out of the reservoir and pumped into the patient. In
order to prevent air entering the arterial cannulae, the six arterial pumps, also of the
air-driven Dale-Schuster type, stopped automatically if the blood in the arterial
reservoir fell below a certain level, the reservoir being elevated as it became lighter by
the spiral springs. The pumps pumped the oxygenated blood into cannulae inserted
into the femoral arteries, from which it flowed along the aorta in the reverse direction
from normal.

Oxygenation proved satisfactory, and the artificial blood pressure was maintained
at 80-100 mmHg; however, there was too great an elimination of CO, so that either
CO, had to be added to the oxygen or a form of “closed oxygenation” had to be used.
This consisted of allowing the oxygen to circulate in a semi-closed system from which
the CO, was removed by soda lime to an extent sufficient to maintain a normal CO,
tension in the blood. The quantity of CO, in the semi-closed system was measured by
means of a diapherometer, a sort of capnograph.

The results of the animal experiments continued to be so successful that in 1951
Professor Jongbloed consented to the construction of a number of heart-lung
machines for commerecial distribution by Van Doorn, a manufacturer of apparatus in
de Bilt, near Utrecht. After very extensive trials in animals, one of these machines was
used for the first time in a patient on 5 December 1956, by Professor Nuboer,
Professor of Surgery at the University of Utrecht. This machine worked in the
following way: Venous blood was sucked off and the spiral oxygenators were used as
already described. The blood was cooled and rewarmed during oxygenation. The
prevention of air emboli had been improved. Instead of the arterial pumps being
arrested when the reservoir emptied, the pumping mechanism of the (now two)
arterial pumps was slowed down until the reservoir had refilled. The heart-lung
machine had thereby acquired a pulsatile character. The level of haemolysis and
foaming of the blood was acceptable for the first 30 min. A filter was only used within
the apparatus during recirculation and never when it was connected to the patient.
The machine could be hand-operated in case of a power failure.

Professor Jongbloed gave a large number of lectures on this subject and, as a
physiologist, he displayed considerable foresight when he wrote in 1953, “I believe
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that an artificial circulation and respiration combined with cooling will prove to be the
ideal method for intracardiac surgery” [4]. About ten of his heart-lung machines were
built and sold to France, Japan and China. A prototype of this original heart-lung
machine was on display during this Symposium, and a second version is at present on
view in the Museum Boerhaave in Leiden.

In conclusion, this first heart-lung machine was a significant technical achievement
at the time of its construction, but heart surgery was insufficiently advanced to do it
justice. Therefore, the results were less satisfactory than desired. Over the years the
machine has been improved and simplified in its design. The results with today’s
model do ample credit to the man who pioneered it.
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3.14 The Development
of Cardiothoracic Anaesthesia —
The International and Local Experience

1. McLellan

The development of cardiothoracic anaesthesia has been, in my opinion, one of the
most exciting events in anaesthetic practice over the last 50 years. It has been a
combination of great skill and technological advancement. Thoracic anaesthesia has
developed since 1900, with the vast expansion of practice dating from 1930. Cardiac
anaesthesia, despite and early operation in 1925 for mitral stenosis, has largely
developed since 1950.

In thoracic anaesthesia a major problem has always been dealing with the open
pleura, with the additional problems associated with wet lung. Early pioneers
developed the use of continuous positive-pressure airway apparatus, a later version
being the Tiegle—Henle. The technological predecessor of modern apparatus was the
Janeway Green Pressure Box in 1909. Like the constant positive-pressure apparatus,
this box was placed around the patient’s head while he was being anaesthetized;
however, instead of a constant pressure being applied to the box, it was rythmically
changed so that it gave intermittent positive-pressure respiration and was the first
predecessor of modern ventilators. The use of intratracheal catheters for insufflation
techniques was another method of dealing with the positive pressure for the open
lung; the use of a second catheter for expiration also allowed for aspiration of
secretions. This catheter technique was superseded by endotracheal intubation.

In the period up to 1940 surgery and anaesthesia was largely concerned with the
problems of tuberculosis and involved the problems of dealing with artificial
pneumothorax and thoracoplasty. At that time the possibility of invasive pulmonary
surgery was not considered because of the problems of infection.

As a consequence of the problems of wet lung, anaesthesia was often a combination
of general and local, enabling a patient to maintain a cough reflex but to be peacefully
asleep. In our hospital, where Dr. A.I. Parry Brown was visiting anaesthetist and the
then Mr. Thomas Holmes Sellors was surgeon, the technique for thoracic surgery was
alight general anaesthetic of thiopentone, followed by nitrous oxide and oxygen while
the surgeon used a paravertebral block. Perhaps it was during his time in our unit that
Dr. Parry Brown developed his thoughts on posture during surgery.

Investigative procedures were also carried out, such as bronchoscopy and broncho-
grams. The technique used for bronchograms in our hospital was for an ether induc-
tion followed by nitrous oxide with trilene or chloroform using an endotracheal tube
with a small catheter inserted for spreading the radiopaque oil. Chloroform was
considered the best anaesthetic, but the cardiovascular sideeffects were often com-
mon in this situation. For bronchoscopy, thiopentone, nitrous oxide/oxygen and ether
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anaesthesia was used. Trilene was not common in our cardiothoracic unit, although
chloroform was and remained popular, being used for some procedures into the late
1950s. Parallelling the rise of thoracic anaesthesia in the late 1930s was the experience
gathered by physicians treating diphtheria and poliomyelitis with artificial ventilation,
which led to important research into ventilator development.

Two important pharmacological events occurred in the 1940s: the use of curare and
the introduction of penicillin. The first permitted a light relaxant anaesthetic to be
used, so that the problem of the pleura was largely solved. With the introduction of
effective antibiotics invasive pulmonary surgery became more common. Curare was
not used in our unit until 1948, and at that time there was great interest in the use of
high spinals using a hypobaric technique for thoracic surgery. The use of intravenous
procaine as an adjunct to general anaesthesia was also popular and became standard
practice for anumber of years. A standard technique for major thoracic surgery which
developed in the 1950s was thiopentone induction followed by curare, nitrous oxide
and oxygen with a little intravenous analgesia, and this technique has remained
popular. Inhalational agents were popular in our unit. Endoscopies of course, have
been revolutionized by the use of suxamethonium: The spontaneous breathing techni-
que, using oxygen and ether or nitrous oxide/oxygen and ether followed by trilene of
chloroform, has changed to suxamethonium and apnoeic oxygenation or the use of
some form of insufflation or cuirass ventilation and then the Venturi.

Later developments in thoracic anaesthetica were the introduction of endobron-
chial blockers and also double-lumen tubes. Many types were developed following the
use of the Carlens tube for bronchospirometry and then later in anaesthetic practice.
The tubes could be used in a variety of conditions, thus allowing great flexibility for
the thoracic anaesthetist and removing a number of problems, although the complex-
ity of positioning some of the tubes created others. Further developments with these
tubes have continued and are regarded in the very recent history of thoracic anaes-
thesia.

Cardiac surgery had a slightly staggered start from the early operations prior to 1940
to tie the ductus arteriosus and to implant omentum or intercostal muscles onto the
myocardium of patients with ischaemic heart disease. These cardiac patients, of
course, still had the same problem of the open pleura, and in 1938 the anaesthetic for
implantation of omentum onto the myocardium was thiopentone, oxygen and ether
delivered by face mask using the Tiegle—Henle apparatus. The first dry open heart
operation using an inflow-occlusion for repair of an atrial septal defect took place in
1952. Further developments in anaesthetic practice involved great technological
advancement, as it was during this period of early open heart surgery with or without
hypothermia, that the development of the pump oxygenator in all its various forms
was being carried out by many pioneers. In our unit, open heart surgery using inflow-
occlusion was carried out for a number of years up to the early 1960s, to be replaced by
today’s normal open heart surgery using the pump oxygenator.

One of the biggest advances in cardiac anaesthesia is that now the patient expects to
live, having had a routine operation rather than a last-ditch attempt with a high
mortality. Another real advance in cardiac anaesthesia is the use of drugs to regulate
circulatory responses, thus allowing procedures to be carried out on patients whose
general condition would not previously permit.



3.15 Regional Block: Its History in the
United States Since World War 11

D.C. Moore

Institutional Teaching in and Significant Contributions
to Regional Block Prior to 1945

In 1933, J.G.P. Cleland, a general practioner in Oregon, had defined the pathways of
pain during labor and was using continuous (intermittent) caudal block to control
them [1]. In 1949, he also described the double-catheter technique for vaginal delivery
[2]. However, it was the missionary work and use of these techniques by R.A.
Hingson, who started touring the United States in 1942, that popularized them [3].

Following World War II few institutions taught regional block techniques. Those
that had the reputation of doing so were: Bellevue Hospital, New York City, New
York - E.A. Rovenstine; Charity Hospital, New Orleans, Louisiana — J. Adriani;
Hahnemann Hospital, Philadelphia, Pennsylvania — H.S. Ruth; Huron Road Hospi-
tal, Cleveland, Ohio — R.J. Whitacre, J.K. Potter, B.B. Sankey; The Lahey Clinic,
Boston, Maryland — P.D. Woodbridge, U.H. Eversole, M.J. Nicholson; The Mayo
Clinic, Rochester, Minnesota — J.S. Lundy, L. Mousel, J.W. Pender, T.H. Seldon,
E.B. Tuohy; and the University of Pennsylvania, Philadelphia, Pennsylvania — R.
Dripps, L.D. Vandam. All these institutions were located either in the eastern or mid-
western United States.

Development of Teaching Programs of Regional Anesthesia
in the Western Part of the United States (1945-1981)

During our “tours of duty” in the US Army in World War II, J.J. Bonica and I (who
were never at the same hospital nor acquainted prior to 1949) became interested in
regional block, for we believed then, as now, that when applicable it was far safer than
general anesthesia. By coincidence, he became director of the Department of Anes-
thesia at Tacoma General Hospital, Tacoma, Washington early in 1947, and I took a
similar position 9 months later, 35 miles (56 km) from Tacoma at the Virginia Mason
Hospital, Seattle, Washington. In 1949, we met, and we and our families became close
and dear friends, much to the amazement of many, because of our intense interest in,
as well as our differences regarding, regional block. Regional anesthesia flourished in
both hospitals, which eventually developed residency training programs and became
recognized as training centers for regional block techniques. This was possible
because the choice of anesthesia was ours and not made by the surgeons, although
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from time to time we were confronted by the “captain of the ship doctrine” by the
surgeons. Furthermore, Bonica became intensely interested in pain and pioneered
the concept of a multidisciplinary pain clinic. Also, in 1952 we established the first 24-
h coverage of obstetric deliveries by physician-anesthetists in private hospitals in the
United States, and within a year over 90% of the obstetric deliveries in the hospitals in
which we practiced were performed with regional block techniques.

During this same period, P.C. Lund at Connemaugh General Hospital, Johnstown,
Pennsylvania, was promoting regional anesthesia. Then, as the years went by, more
and more physicians became interested in regional block and its development. Those
who have contributed constantly and significantly, to mention a few, are: L.D.
Bridenbaugh, R.H. de Jong, A.P. Winnie, P.O. Bridenbaugh, P.P. Raj, S.M.
Shnider, B.G. Covino, and G.E. Thompson. Also, since he had recently immigrated
to the United States, we can recognize P.R. Bromage, who has made significant
contributions, as one of our number. It is hoped that others who have contributed but
whose names are not mentioned will not be offended by the naming of these outstand-
ing physicians.

The American Society of Regional Anesthesia

In 1976, with A.P. Winnie as the prime instigator, the American Society of Regional
Anesthesia was reborn. (It had existed in the 1920s, but was slowly absorbed into
other societies and eventually lost its separate identity.) From 412 members in 1975, it
consistently grew, until in 1981,it numbered 3498 members. The inaugural issue of the
journal Regional Anesthesia (H. Carron, Editor), was October—December 1976.
From then until the January—March 1981 issue, it was financed by contributions from
companies producing regional anesthesic drugs and equipment. Now it is published by
J.B. Lippincott and financed only by the Society and its advertisers.

Significant Publications

Since 1945, many articles regarding regional block have appeared in medical journals
(too many to list), and many books devoted solely to regional block have been written
by anesthesiologists in the United States (see references 4-23).

Local Anesthetic Drugs in the United States

In 1952, chloroprocaine, a drug with a rapid onset and a short duration, which is
rapidly metabolized, was introduced. Unfortunately, this valuable drug has recently
been implicated as a possible cause of myelopathy, particularly when unintentionally
injected into the subarachnoid space while performing epidural block.

In 1972, etidocaine, a long-acting local anesthetic drug, became available for
clinical use. Unfortunately, it has a strong motor, but a weaker sensory component,
and its use is therefore restricted to specific procedures usually involving the lower
extremities. It is the only local anesthetic drug whose plain solution immediately
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precipitates on contact with cerebrospinal fluid. It is not known whether this is of any
significance in humans should an unintentional subarachnoid injection occur during
an attempted epidural block. At least in rabbits and sheep there have been no
untoward results from its placement subarachnoidally.

Techniques of Regional Block Introduced by Physicians in the United States

In 1948, V. Apgar introduced the anterior approach to the stellate ganglion, and in
1954 the paratracheal approach was introduced by D.C. Moore. In 1964, A.P. Winnie
and V.J. Collins described the subclavian approach for brachial plexus block, and in
1970 Winnie described the interscalene approach for this block. Whether these are
original or a rebirth of techniques previously described has yet to be conclusively
documented.

In 1964, G.T. Tucker (joined in 1965 by L.E. Mather) started to study in depth the
pharmacokinetics and toxicity of local anesthetic drugs; in 1970 J.J. Bonica and
colleagues extensively investigated in humans the cardiovascular effects of spinal and
epidural block; and in 1982 D.C. Moore and co-workers showed in humans the
severity of the hypoxia and acidosis which occurs concomitantly with local anesthetic-
induced convulsions.

Equipment

In approximately 1970, single-use (disposable) regional block trays and equipment
began to appear in the United States. This equipment is now used worldwide.
However, most components of these trays were developed for parenteral therapy
(intravenous infusions, single injections of medications, drawing of blood, etc.).
Therefore, with the exception of a few specific single-use items designed especially for
regional block (the Pitkin introducer, the Abbott connector for plastic tubing, and the
Becton-Dickinson 3.8 cm, 22-gauge, security bead, short-beveled, needle with a
transparent hub), reusable equipment is still preferable when learning or teaching
regional techniques. However, when it is used, it must be meticulously cleaned and
sterilized. Therefore, since single-use equipment is guaranteed sterile and free of
neurolytic contaminants, it is used by most anesthetists.

Present Status

The use of regional anesthesia had its rebirth in the United States after World War I1.
It is used to greater extent there than in any other country and is on the increase.
However, complications from regional block are increasing along with its use. If they
continue to result in catastrophic sequelae, the death knell of regional analgesia,
regardless of its many advantages over general anesthesia, may sound in the not too
distant future. Therefore, it behooves all of us who use regional block to be able to
recognize the onset of its complications and prepare to treat them immediately and
correctly.
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Regardless of where it is used, its conduct should be the same as general anesthesia,
that is, intravenous fluids should be running, a blood pressure cuff and electrocardio-
scope should be applied, and perhaps the patient should be preoxygenated. In
addition, oxygen, airways, a laryngoscope with a blade attached, suction, and drugs in
syringes with needles attached should be available for immediate treatment of compli-
cations. They cannot be down the hall, in drawers, in an anesthetic machine, or
elsewhere. Immediate ventilation of the patient and correction of hypotension pre-
vents encephalopathy and death from complications.

Epilogue

It is to be hoped that the “golden age™ of regional block is just starting and has not
passed. Since I began to perform regional block in January 1942 as an extern in
anesthesia at Wesley Memorial Hospital, Chicago, Illinois, as a sophomore medical
student under M. Karp, director of the Section of Anesthesia, Department of
Surgery, Northwestern University, and have devoted my entire career to regional
anesthesia, its demise would be difficult to tolerate. Nonetheless, the opportunity to
participate in it for 40 years, to know personally all those mentioned in this presenta-
tion, as well as to meet, know, and understand my colleagues in other countries,
would have made it all worthwhile. Sincere thanks is extended to Erasmus University,
Rotterdam, for inviting me to participate in this symposium on the history of anes-
thesia.
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3.16 The History and Development
of Obstetric Anesthesia

Paul J. Poppers

The quality of obstetric care can be considered a criterion
for the level of civilization that a particular society has
attained. It is in this light that obstetric pain relief must be
viewed. Practiced in one crude form or another through-
out the ages, modern obstetric anesthesia as a medical
endeavor began within a few months after the first suc-
cessful administration of surgical anesthesia. It happened
almost simultaneously on both sides of the Atlantic. On
19 January 1847, 3 months after William Thompson
Green Morton had demonstrated his ether anesthetic at
the Massachusetts General Hospital, James Young
Simpson, Professor of Midwifery in the University of
Edinburgh, Scotland, administered ether to a patient in
labor. He reported the case in the March issue of the
Monthly Journal of Medical Sciences [30]. On 7 April
1847, Nathan Cooley Keep (like Morton a dentist and physician, who progressed to
become the first Dean of the Harvard Dental School) gave ether anesthesia for
childbirth. It was reported 1 week later in the Boston Medical Surgical Journal [16].
Actually, it had been Crawford Long, a young physician in Athens, Georgia who had
preceded all others in administering ether for surgical and obstetric anesthesia.
Because he did not publish his experiences until much later, he did not contribute to
the development of the specialty.

A few weeks after the report by Keep, Walter Channing, Professor of Midwifery
and Medical Jurisprudence in the University of Cambridge (better known to us as
Harvard University in Boston), took up the use of ether in childbirth and became its
champion in the United States. He described several successful administrations of
sulfuric ether [3].

Meanwhile, Simpson, not entirely satisfied with ether, discovered the anesthetic
properties of chloroform. He published his experiences on 15 November 1847 in a
monograph entitled Account of a new Anaesthetic Agent, as a Substitute for Sulphuric
Ether in Surgery and Midwifery [29]. On the frontispiece he quotes Bacon als follows:
“I esteem it the office of a Physician, not only to restore health, but to mitigate pain
and dolours.” His example was again followed in the United States when Augustus
Gardner of New York first employed this agent in obstetrics in February 1848 [11].
That same year, Channing published his classic, A Treatise on Etherization in Child-
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birth, in which he described 581 collective cases of ether and chloroform anesthesia in
obstetrics, stressing their safety for mother and child [3].

Obstetric anesthesia took hold quickly. At the American Medical Association
meeting of 1848 the Committee on Obstetrics reported the use of ether and
chloroform in about 2000 patients with no deaths and few, if any, untoward results.
One year later the same Committee urged the use of anesthetics in obstetrics,
preferably chloroform, since this was justifiable for the purpose of alleviating the pain
of labor. It also stated that “in all difficult and instrumental labors their application
could not be rightfully withheld.“

Simpson continued to experience objections and disapproval, not only from his
medical colleagues but especially from the powerful Calvinist Church of Scotland. His
opponents quoted the Bible to show that, as penalty for eating the forbidden fruit in
Paradise, women had to suffer pain at childbirth. Simpson countered this argument
with the account of the birth of Eve as related in Genesis. He suggested that the Good
Lord himself had been the first anesthetist.

Simpson’s pioneering efforts were not in vain [30]. He was major influence on John

Snow, the English epidemiologist noted for eradicating the source of cholera from
London. Snow had become the first full-time physician-anesthetist and advocated the
cause of obstetric anesthesia [31]. He made a great impression upon Queen Victoria
with his results, and was invited to administer chloroform for the birth of the eighth
royal infant. Now also Her Majesty became subjected to veiled criticism. But she,
obstinate and quite determined as usual, pronounced, “We are going to have this
baby, and We are going to have chloroform.” Indeed, she did. On 7 April 1853 she had
a painless delivery of a boy, Prince Leopold. As he had done before, Snow poured the
chloroform on an handkerchief in 15-minim doses and administered the anesthetic
intermittently, during the uterine contractions only. The term “Anesthésie a la
Reine” was coined for this method. Queen Victoria gave lavish thanks for the new
drug and the pain relief it had provided. Moreover, she gave obstetric anesthesia the
seal of respectability.
The Queen’s endorsement fostered wide acceptance of obstetric anesthesia through-
out the English-speaking world. Thomas Wakley, founder and editor of the Lancet,
wrote that in no case could it be justifiable to administer chloroform in perfectly
ordinary labor. This oracular pronouncement fell on deaf ears. Victoria again
requested the anesthetic services of Dr. Snow in 1857 at the birth of her last child,
Princess Beatrice. That the Queen was cared for by two midwives and an anesthetist
with names as pure as Mrs. Lilly, Mrs. Innocence and Dr. Snow must have been
further evidence that obstetric anesthesia could not be the devil’s work. Anecdote has
it that Snow, upon being called to the palace, posted a notice on his door: “Out to
Attend the Queen,” whereupon an irreverent medical student is said to have penned
underneath: “God Save the Queen.”

In retrospect this can be considered a very wise comment. Snow administered
chloroform intermittently in analgesic concentrations for childbirth [31] and in a
scientifically determined and carefully controlled concentration for surgical anes-
thesia. In contrast, later practitioners were not as circumspect or knowledgeable in
the physics, pharmacology, and physiology of anesthesia [21]. Many anesthetic
fatalities could have been prevented if Snow’s principles had been heeded and his
techniques emulated.
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When obstetric anesthesia had become a socially and medically acceptable practice,
concern was expressed about the exposure of the fetus to anesthetics and the adverse
effects this could have upon the neonate [21]. This concern stimulated several inquir-
ing minds towards scientific investigation of the entire area of obstetric anesthesia. It
may have started with Channing [3]. He wondered about the passage of the anesthetic
across the placenta and could detect the smell of ether on the cutsurface of the
umbilical cord. Snow noted in 1858 [31] that infants born after their mothers had
received chloroform did not appear as vigorous as was usually observed. The presence
of chloroform in umbilical cord blood and in the urine of newborns was demonstrated
by Zweifel in 1877 [33]. He was also able to prove the transfer of oxygen from mother
to fetus through the umbilical cord by means of a spectroscopic technique [32].
Gusserow administered benzoic acid to pregnant women; he found hippurate crystals
but no benzoic acid in the neonatal urine. He concluded that benzoic arid crossed the
placenta and was broken down in the fetal kidney. Preyer reported in 1885 that he had
injected curare into pregnant rabbits and guinea pigs [27]. The animals subsequently
became paralyzed, but the offspring, delivered by uterine incision, were not affected.

During the next several decades the development of obstetric anesthesia reflected
more of an evolution of new anesthetic and analgesic agents. Klikowitsch of
St. Petersburg (Leningrad), Russia, used 80% nitrous oxide in 20% oxygen for
obstetric pain relief in 1880. In fact, he was more revolutionary than evolutionary; he
measured the intensity and duration of uterine contractions with a balloon that was
introduced into the uterus, and thus anticipated the modern techniques of monitoring
the progress of labor. He observed in 1881 that nitrous oxide did not change uterine
activity but that chloroform had a tendency to cause uterine relaxation to such an
extent that intrauterine maneuvers, such as manual removal of the placenta, could be
performed easily [17]. He also noted that this could not be done under nitrous oxide/
oxygen anesthesia.

A wave of enthusiasm for obstetric pain relief followed the introduction of a
combination of scopolamine and morphine by Steinbiichel of Graz in Austria in 1902.
The term Dédmmerschlaf (twilight sleep) was given to this state of combined amnesia
and analgesia. It remained very popular until quite recently and underwent some
modification when on occasion meperidine was substituted for morphine and barbitu-
rates were used in conjunction with it. Actually, administration of morphine to
control the pain of labor had already been suggested in 1868 by Kormann of Germany
[15,18], but problems associated with the use of narcotics were soon recognized and
their administration to pregnant or nursing women was discouraged. It was therefore
Gauss, a German obstetrician in Freiburg, who suggested a single injection of mor-
phine, followed by repeated injections of scopolamine [12]. This method remained
popular until about 40 years ago, despite the excitement and uncontrollability of the
laboring patient, the frequently observed protracted labor, and the consequent
respiratory depression of the neonate.

These problems could seemingly be overcome with the use of local anesthetics for
regional anesthesia. Its origin can be found in the application of cocaine for topical
anesthesia in ophthalmology, for which not only Carl Koller but also Sigmund Freud,
both of Vienna, must be credited. Corning, a New York neurologist, injected cocaine
near the spinal cord to relieve the pain of severe ailments. That was in 1885 [4].
Corning suggested that a similar procedure be used for surgical anesthesia [4], a
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suggestion that was soon implemented in Kiel, by August Bier [2a], who deserves to
be known as the Father of Spinal Anesthesia. This method of pain relief was first used
for operative vaginal delivery by Kreis in Germany in 1901. Pitkin promoted spinal
anesthesia in obstetrics in the United States [23], but was preceded by George
Gellhorn, who in 1913 had advocated the local infiltration of the perineum with local
anesthetics for obstetric and gynecologic purposes [13]. Sicard and Cathelin, both
from France, independently discovered the sacral epidural (caudal) block, which was
subsequently performed in obstetrics by Von Stockel in 1909. The lumbar epidural
block, first suggested by Pagés in 1920 [22], found application in obstetrics after a
proper technique had been devised by Dogliotti in 1933 [6]. Regional anesthesia
techniques earned their deserved popularity with the introduction of continuous
caudal and lumbar epidural block by Hingson and Edwards in 1942 [7,14], first by
means of a malleable needle, and later by the placement of a flexible catheter through
a large-bore needle.

The last several decades have been marked by significant progress in obstetric
anesthesia as a medical science. The major impetus towards this development must be
ascribed to Virginia Apgar. She is best known for having introduced a simple scoring
method to evaluate the condition of the neonate [2]. More importantly, she applied
this score to the objective evaluation of the quality of obstetric and anesthetic
management of the parturient. The Apgar Score also allowed a reasonably accurate
determination of the safety of particular anesthetic agents and methods. It was the
precursor of more precise investigative techniques.

Virginia Apgar was a graduate from the College of Physicians and Surgeons of
Columbia University in New York City. Following graduation she was appointed to
the surgical house staff at the Columbia Presbyterian Medical Center. Though she
performed admirably, her professors felt that as a female she would have no great
future in surgery and convinced her to enter the very young specialty of anesthesiol-
ogy. As was the case with everything she undertook, she became very successful in this
discipline and, serving as the Chief of the Division of Anesthesiology in the Depart-
ment of Surgery, became the first woman ever to attain the rank of full professor at
Columbia’s College of Physicians and Surgeons. With the subsequent development of
an independent Department of Anesthesiology at Columbia University and the
appointment of Emanuel Papper as its first professor and chairman, Virginia Apgar
had the opportunity to devote full attention to obstetric anesthesia, the area of her
major interest. She gathered around her young pediatricians and anesthesiologists,
who, with the later addition of obstetricians, formed the nucleus of a perinatal
research group. A systematic study of the effects of anesthetics and related drugs
administered for obstetric pain relief upon mother and fetus gave rise to the specialty
of perinatology. Here, the clinical interests of pediatricians, obstetricians, and anes-
thesiologists converged. A firm scientific basis had been developed.

Initially, the Apgar Score was used to study the effect of inhalation anesthetics upon
the newborn. It then became evident that potent drugs, such as cyclopropane [28],
increased the incidence of depression among newborns if administered for more than
5 min prior to delivery. It was also shown that this incidence increased pari passu with
the duration of such administration. No such increase was apparent when a nonpotent
anesthetic, such as nitrous oxide or ethylene, was used, nor if potent anesthetics were
administered in low, i.e., analgesic concentrations. It could be demonstrated that
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neonatal depression did occur following administration of nitrous oxide if the gesta-
tional age was less than 36 weeks. The depressant effect became more pronounced
with increasing prematurity.

In 1968 Finster and Poppers reported their cesarean section study in which nitrous
oxide did affect the mature neonate [8]. An interval of more than 10 min between the
induction of general anesthesia and delivery of the infant was associated with a lower
Agpar Score and a higher degree of acidemia in the neonate. The authors questioned
whether nitrous oxide might be the depressant factor in question, and Marx and her
co-workers subsequently postulated that this was indeed so [19]. However, they only
showed that, as the duration of anesthesia increases, there occurs a gradual equilibra-
tion of nitrous oxide concentrations in umbilical artery and vein blood. Poppers and
collaborators reported in 1975 that prolonged nitrous oxide anesthesia without pro-
longed surgery (i.e., anesthesia was begun well before surgery) was not associated
with a significant deterioration in Apgar Score or acid-base status of the newborn,
suggesting that aortocaval compression was a more important factor [25]. It was
finally demonstrated by Datta and the Harvard group of obstetric anesthesiologists
that interference with normal uterine and placental perfusion is the critical determin-
ant, and that this is related to the duration of surgical manipulation and the length of
time the patient is kept in the supine position.

The question of induction of general anesthesia, a source of contention, was
resolved on the basis of Apgar Score, acid-base status and pharmacokinetic studies.
The history of intravenous barbiturates in obstetric anesthesia is an interesting one.
Obviously, the advent of ultra-short-acting intravenous barbiturates meant a quan-
tum jump forward in surgical anesthesia. Therefore, the drugs were used for obstetric
anesthesia as well. Their safety in terms of the fetus was questioned, and in 1944
Hellmann and co-workers investigated whether thiopental was transmitted across the
placenta. Their studies showed that this was indeed the case and that fetomaternal
equilibration was obtained in about 12 min. The absence of neonatal depression was
ascribed to the circumstance that most deliveries were completed within 8 min, at
which time equilibration was supposedly quite incomplete. McKechnie and Converse
showed 11 years later that thiopental transmission occurred much more rapidly and
that in fact fetomaternal equilibration was complete within 3 min. As a result,
barbiturate induction of general anesthesia for obstetric delivery was abandoned for
many years [19a]. The fallacy of both investigations was that no attention was paid to
the actual plasma concentration of the thiobarbiturate. This was first done by Price in
his computer simulation of 1960, which indicated that drug distribution in the tissues
was responsible for a very rapid decline in plasma thiopental concentration, and,
moreover, that administration of an intravenous bolus resulted within 2—3 min in a
very low, nonhypnotic plasma level [27a]. Baux in France postulated that therefore
the fetus at complete equilibration would only be exposed to a plasma concentration
that was too low to cause neonatal depression. Finally, the classic study by Finster and
collaborators of the Columbia group provided the definitive answer [9]. Safety of a
single bolus of thiopental for induction of general anesthesia was convincingly demon-
strated. No correlation between drug concentration and neonatal condition was
apparent. Those few neonates who where depressed at birth invariably showed low
plasma levels of barbiturate. Their poor clinical condition was due solely to
intrauterine asphyxia of rather long duration, as evidenced by a fetal base deficit
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exceeding 10 mEq/litre. Finster and his co-workers at Columbia subsequently showed
that the liver is interposed in the fetal circulation as a filter or sink; it removes and
stores, by means of a first-pass effect, large quantities of drugs that have crossed the
placental barrier.

Circulatory studies by Dawes and others at Oxford suggested an additional cause of
delay in fetomaternal equilibration of drugs. The peculiar fact is that only 55% of the
fetal cardiac output goes to the placenta, where it is equilibrated with maternal blood.
Thus, when this blood returns via the umbilical vein it is serially diluted by that other
45% of the circulatory volume which perfuses the fetal tissues.

Subsequent studies by members of the Columbia group have indicated that re-
peated administration of small boluses of thiobarbiturate are well tolerated by the
fetus, so long as the total dose does not exceed 7 mg/kg maternal body weight.
However, at most institutions a single injection of no more than 3-4 mg/kg is
preferred. Others combine small amounts of ketamine and thiopental [1], in dose
ranges of 0.2-0.4 mg/kg and 1-2 mg/kg, respectively.

Curare, first described in western literature by Sir Walter Raleigh in an account of
his travels published in 1596, was the subject of physiological studies by Claude
Bernard around 1850. Subsequently, and as previously mentioned, Preyer showed the
lack of effect upon the fetus, when pregnant animals received a paralyzing dose of
curare. It had therefore been believed for many years that muscle relaxants were
unable to cross the placenta owing to their poor lipid solubility, their high degree of
ionization, and their high molecular weight. Much later, autoradiographic studies
performed by a research group headed by Crul showed that succinylcholine crosses
animal placentas similar in structure to the human placenta. By adapting the radio-
immune assay technique, Horowitz and collaborators at Columbia were able to
demonstrate that d-tubocurarine also crosses the placenta. However, the transfer is so
slow that equilibration occurs when the drug, to a very large extent, has been
distributed in the tissues of the mother. Therefore, the fetal circulation reaches
equilibrium when the maternal blood levels are clinically insignificant. Thus, the
safety of commonly used muscle relaxants was demonstrated on the basis of actually
measured neonatal plasma concentrations.

Virginia Apgar’s inspiration also found expression in the pharmacokinetic studies
of local anesthetics undertaken at Columbia University. It had long ago been
oberserved that the ::eonate was generally in better condition if regional anesthesia
rather than deep general anesthesia had been administered to the parturient. This was
then explained as follows: The fetus became exposed to the inhalat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>