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FOREWORD

The status of this authoritative volume on
cardiac arrest and resuscitation and the great

_ activity in this field have demanded a new,
fourth edition. The fact that over 90 percent

of sudden deaths (those occurring within one
hour of onset of illness) result from cardio-
vascular disease in our country, and especially
the fact that over half of those so afflicted
die before entrance to a hospital make the
problem of cardiac arrest an issue of broad
concern, not only in the hospital and the
operating room, but also in the home and
elsewhere throughout the community. It is
indeed one of our most important health
problems.

While of special importance to the surgeon,
this volume brings up-to-date concepts and
approaches to a problem that is vitally im-
portant to everyone: the physician, the pa-
tient, the public. As a source book for such
information it is superb—well written, clear,
informative in depth, and understandable for
all. The new edition comes at a critical time
in this field. It comes with authority. It
comes when we need updated information.

W. A. Sodeman, M.D.

Professor Emeritus and Dean Emeritus,
Jefferson Medical College



PREFACE

Sudden unexpected, death, in terms of
absolute loss of life, poses our greatest single
medical problem today. It is the most com-
mon mode of death in our adult population.
Some have suggested- that the actual inci-
dence of sudden death represents 30 percent
of all natural deaths. .

Many of our earlier concepts concerning the
frequency and. significance of ventricular. ar-
rhythmias in the early stages of acute myocar-
dial infarction are now outdated, particularly
those regarding ' ventricular tachyarrhyth-
mias. The enhanced automaticity of seme
of the Purkinje fibers,with resultant ectopic
beats is now being rather effectively managed.

Almost twb decades ago: Beck and Leigh-
ninger, in urging the application of cardio-
resuscitation .techniques, :repeatedly referred
to hearts: that were “too good to die.” The
soundness of their perception has been borne
out increasingly by many studies showing an
essenitially normal myecArdium with minimal
disease of the coronary -arteries and no evi-
dence of thrombotic oeclusion at the time of
autopsy in patients dying suddenly.

We continué ‘to be indebted to the pioneer-
ing effdrts of Kowenhoven, - Jude,” and
Knickerbocker. Unquest:onably, a new era
in cardiac resuseitation’ was begun by their
efforts and 1ts immediate” ‘by-products are
visible in a host of ‘major changes in the

_cardiac asystole.

approach to the patient, such as utilization
of the intensive care and mobile coronary
care units.

Since the pubhcauon of the third edition
in 1969, significant contributions have been
made toward a broader ,undexstandmg of
the mechanisms of ventricular fibrillation and -
This, the fourth edition,
supplements and updates material- in the
previous . editions. Once again the bibliog-
raphy is practically all new. Because of the
tremendous . volume of bxbhographxcal ma-

.terial, it is. suggested -that the reader refer

to .previous editions for references not in-
cluded here. The scope and volume .of scien-
tific information on cardiac arrest and resus-
citation have expanded far heyond the easy
accessibility of even those with more than a
casual: interest in the field. As one of our
objectives in this revision,: we have endeav-
ored to. condense, collate, and categorize

- much of this information in a manner that

may provide easier access to the reader.

It is estimated that fibrillation in struc-
turally good hearts occurs over 900 times a
day in the United States in victims outside
a hospital. Ventricular fibrillation is a major

“cause of death from coronary heart disease.
.This fatal ventricular dysrhythmia occurs

most frequently shortly after the onset of in-

farction.” Although the cohicept of mobile
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coronary care has yet to obtain universal

suppert among mernbers of the medical pro-

fession, it seems obvious that means must be
found to monitor and prevent ventricular
fibrillation outside the hospital and during
transportation to. the hospital. More than
half of those who die of heart attacks each
year never reach a hospital, but serious at-
_ tempts are being made to reduce this figure.
The chapter on a mobile coronary care unit
and resuscitation outside the hospital repre-
sents a considerable change in the approach
to the problem over the last few years. The
lifesaving benefits of cardiac monitoring in
resuscitation of the coronary infarction pa-
tient outside the hospital are now well docu-
mented. Spain and Bradess estimate that
there are approximately. 500,000 deaths‘in
the United States'every year from acute’ myo-
cardial infarction with about 50 percent of
these patients ‘dying Before adequate médical
care is available. The presence:of a'recent

coronary throtiibus in ‘these sutdeir andsdin-

expected fatalities - (apprbxxmatcly 20 per-
cent) lénds éncouraging supﬁoﬂ' ‘to the con-
cept of mobile'coronary cabe: <
Apbproximately 70 percetit ‘of dea:ths fram
artériosclerotic heért ‘disease occur in pérsons
who die outside’ a hospital ot whé ' aré dead
oh arfival. THis Book refléets. the advatice-
ments and tefilements" i tésustitatioh -
formation that 4dré coming' frorian ii\éﬂ!as-
ingly wider ° van@ty of ! diééipﬁ?&bb “the
engineefing %ciénces, thedical” Systénis’ de-
. velopers, psychiatrists, socldlogikis “Fitixses,

* lawyers, biochemists, statisticians; and others.

‘As our knowledge ‘of: thé" mechanisms of
cardiac arrest continues' to"increase, it "is
encouraging to note how it can' be applied
to clinical situations. A good example is the
well-documented ' story; of.succinyleholine-
induced hyperkalemia and. the ipropernsity of
patients with severg, trauma and burns.:to
develop cardiac arres; It is- qur hope, that
hospital cardiac resuscitation qommittees will
_ find the book valuable as a continuing source
of reference to aid them in their perlodnc
evaluation of cases occurring in the hOSPlta]

There seems to be little question that an
effective committee can contribute, signifi-
cantly to a reduction in mortality from
sudden death within th

Few individuals have *éonbg)al&@ sig-
nificantly to the further extension of success-
ful resuscitation efforts as has the nurse. With
the active defibrillation of patients by nursing
personnel in intensive care and coronary care
units, a major breakthrough in resuscitation
has occurred.

A new addition to the book is the chapter
by Dr. Carveth concerning the “spectator
heart.” His studies, as well as others, are
‘providing worthwhile experience and infor-
mation from the management of resuscitation
among high-density populations, such as those
k"éxﬁet‘iéncéd at footbail>gaties. ot
- It is encouraging to. noté" thie - increasing
emphasis given' 0 cardmpﬁ!ﬁfbna:y resusei-
tationi" by a wide variéty-bf ‘orgariizatioris,
1i’néhidiﬂg the: American Qollege - of 'Chést
JPhysiciths; American Collegelof- Cardiofogy,
American Heart Associétioni Gottimittee on
ﬂardlopulmonary Resuséitation ‘and: Emer-
gebey ‘Qardiac’ Care; ‘Adgerican Céllege of
‘Emergetiey Care. Physxei&ﬂs ‘Botiety of 'Cit-
/§cal Cive Mediditie, Atiericar Nagiowal Red
:Cress;” Industrial - Medical “Askoeiztion;: arid
“Iritéd States Public Health'Service.
““ “The Registry of Emergthcy Medital Tech-

.

inieiansAmbularce i strongly committed to

-dmproved medical ‘cate through beter emer-
geney transportation facitities ‘and well-
“trained dinbulance attendamts. The Ambu-
~lance - Association of: America, International
Aswociation of Chiefs of Pulice, Intermnational
:Agsociation of Fire Chiefs; International Res-
".cue and ‘First. Aid Association,-Natibnal -Am-
bulance,-and.i Medical. Supplies . Association,
. National' Funeral Disectors’ Asseriation, and
the Natanal Shenffs Aswciatien are. all
each movndes a dx;ectpr to ,1,;5 boqrd
. Other organized . - BROups: interested. in this
pmblgm include the &qtppment Commxttee
of the Amencan Socxety of Anesthesmlogxsts
and the Assoc1at10n for the Advanrement of



Medical Instrumentation. Numerous types of
equipment have been advocated in the man-
agement of cardiopulmonary resuscitation.
Fortunately, the effectiveness of most of these
has been scrutinized by the Cardiopulmonary
Resuscitation Committee of the American
Heart Association or the National Science
Council. For example, the Emergency Care
Research Institute at Philadelphia under Dr.
Nobel maintains a full-time interdisciplinary
scientific staff to evaluate acute care devices.
Since the medical device field has become
extremely complex, it is imperative that
qualified biomedical engineers or physicians
trained in engineering disciplines be actively
mnvolved.

Numerous reports indicate that electronic
devices used in hospitals in the United States
in the care of cardiac patients have signifi-
cant deficiencies. The need for regular in-
spection of equipment, uniform standards,
and increasing familiarity with medical elec-
tronics has prompted the inclusion of Chap-
ter 7, by David Kilpatrick. The magnitude
of the problem of excessive leakage of elec-
trical current appears to be significant.

The first cardiac transplantation was un-
dertaken on December 3, 1967. In the follow-
ing two years, approximately 147 heart recipi-
ents were recorded. While the tempo of this
activity has decreased considerably, it seems
likely that a resumption will occur once
major progress in coping with the rejection
phenomena occurs. The chapters on preser-
vation of the heart and on resuscitation of
transplanted hearts should prove of interest

to many readers. By including as much -

PREFACE Xiii

material as possible relevant to the field of
cardiac resuscitation in this book, we hope
that our efforts will give added perspective
to workers in this field. To those readers not
actively involved, it is our hope that this
edition will provide an updated and reliable
account of the “state of the art.”

A chapter on the historical aspects of car-
diac resuscitation is again included.. Readers
tell us that they enjoy the chapter and that
it effectively places the progress of resuscita-
tion in its proper perspective.

We have continued to devote considerable
space to the variety of factors influencing the
mechanism of cardiac arrest, as it is our
conviction that the relatively low rate of
successful resuscitation in hospitals is partially
due to a lack of realization of therapeutic
requirements for specific situations., Broad
generalizations are helpful for educational
purposes, but the field of cardiac resuscita-
tion has become sufficiently sophisticated to
require in-depth knowledge of modifications
in resuscitation efforts as individually re-
quired.

If one views the significant contributions
made to the field of cardiac resuscitation
over a span of years it is apparent that ad-
vances seem to be the product of different
disciplines and different times. For example,
after the advances by Shiff and other physi-
ologists, there evolved a long era dominated
by surgeons and subsequently by anesthesiol-
ogists. Certainly, it would seem that the last
decade belongs to the cardiologist.

Hugh E. Stephenson, Jr., M.D.
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Chapter 1

INTRODUCTION‘: REANIMATOLOGY—THE
SCIENCE OF RESUSCITATION

Vladimir A. Negovskii

The Laboratory of Experimental Physiology on
the Resuscitation of .the Organism was founded in
Moscow in 1936 in connection with the N. N. Bur-
denko Institute of Neurosurgery.

The laboratory was organized by Professor V. A.
Negovskii, who has served as its director since it
was founded. A ‘small group of young scientists
(six or seven) began working. with him at that
time. They set as their goal the study of the gen-
cral pathophysiologic regularities of the processes
of the extinction and restoration of the vital func-
tions, that is, the heart, the respiration, and the
central nervous system (CNS8),:-and also the re-
search of scientifically based methods of resus-
citation. -

In 1948, in line with a decision of the Council

of Ministers of the U.S.S.R., the laboratory was
reorganized as an independent scientific research
department under the auspices of the Academy of
Medical Sciences. )

Over the course of 37 years, the laboratory’s
staff has grown considerably (to sixty-five), and the
scope of the work that is carried out has been
broadened. The functions of the cardiovascular
system, the respiratory center, and the CNS during
terminal states and in the restorative period and
also the functions of such interior organs as the
liver, the kidneys, and the endocrine -aystem as
well as blochemical changes arlaing from the dis-
turhance of metabolic processes and related con-
siderations—all are subjected to detailed study
with the help of modern research methods.

Along with its purely experimental department,
the lahoratory also maintpins & clinical depart-
ment of resuscitation at the S. P. Botkin Hospital,
Patients in terminal or near-terminal conditions are
brought there from the hospital's various depart-
ments. The department of resuscitation also main-
tains a mobile center, which ensures treatment of
terminal patients in hospitals where there is a lack
of personnel well-qualified in the area of resusci-
tation.

Along with applied work in’ the department of
resuscitation, scientific research work dedicated to
the study of various clinical aspects of resus-
citology is carried out.*

One of the important facts of contempo-
rary science is the ever deeper and more
attentive study of the mechanisms of death
and resuscitation. Now we are fully justified
in 'speaking of the appearance of a special
science dedicated to the study of this ques-
tion. Cessation of cardiac activity, cessation
of respiration, extinction of the functions of
the CNS, suppression of the cortical regula-
tion of the physiologic functions, the dynam-
ics of the restoration of functions in the
process of resuscitation, and a series of other
similar matters make up the content of this
science. '

Historically it has come about that, along
with the rapid development of our knowledge
in the treatment of the most varied diseases,
we were, even recently, using purely empirical
methods thousands of years old regarding
the treatment of the dying organism. At-
tempts at resuscitation were made in ancient
times. Apparently, however, only the modern
level of development of biologic and medical
knowledge provides the prerequisites for a
comprehensive study of all the problems re-
lating to resuscitation. Detailed study of the
processes of the extinction and restoration of
the organism’s vital functions, elucidation of

*The Laboratory of Experimental Physiology on
the Resuscitation of the Organism, Academy of
Medical Sciences of the U.S.S.R., Moscow, U.S.5.R.

-



4 INTRODUCTORY

the essence of transitional states between life
and death, and specifics of the organism’s life
in terminal stafes and in the so-calledl Post-
reanimation period, and, likewise, elaboration
of more modern methods of reanimation—
such are the basic problems which, arisen
from the needs of life, appealed for their
solution to a new medical science: the science
of reanimatology.

One of the factors that contrlbuted to the
development of reanimatology was the neces-
sity to reconsider fundamentally the concept
that  had previously been accepted regarding
the absolute impossibility of a battle with a
“groundless” ' death. Theoretically the idea
was corroborated regarding the reversibility
of the death processes when the viable ‘or-
ganism is still perishing and ‘the possibility
of prevention and, in indicated cases, treat-
ment of terminal states (agony and clinical
death). -

Although closel; linked with a series. of
such experimer.tal and clinical disciplines as
pathophysiology, surgery, anesthesiology, ob-
stetrics and gynecology, and therapeutics
(particularly emergency therapeutics), re-
animatology, at the same time, finds its own
place among these disciplines. Reanimatology
generalizes from' the material of the ‘above
disciplines, not infrequently employing meth-
ods already used in them to find a solution
to its specific problems. In turn reanimatol-
ogy enriches these sciences with the results
of its own theoretical and clinical investiga-
tions. Yet, all the same, reanimatology poses
quite original problems for itself, problems
whose solutions it approaches from the posi-
tions of those theoretical concepts it has
elaborated. R

Later I shall examine the main problems
of the dynamics of the extinction and restora-
tion of the organism’s 'vital functions, con-
sider some 'debatable questions regarding
various methods of resuscitation, and touch
on some of the current problems in reani-
matology such as the treatment of a resusci-
tated patient, prognosis, and so forth. ,

I would like to point out here the differ-

ence in the meaning of the two words. re-
animatology—a theoretical science, and re-
animation—practical meéasures ased“fqr the
restoratlon of vital functions of thc orgamsm

Extmctloﬂ of functlons of cerebral
cortex—the first stage of CNS dying

" Complete réstoration of thie functions of
the cerebral cortex after terminal statés is
often impossible because of death of the cere-

‘bral neurons, which are extremely sensitive

to anemia, hypoxia, intoxication by incom-
pletely oxidized substances of metabolism,
and other noxious influences. Relative resist-
ance of ancient, life-ensuring systems (vege-
tative nervous formatxon), formed during
phylogenesxs and mcreased sensitivity to
pathogenic factors.of the highly, developed
systems (cortex of- the hemispheres and some
subcortical formations) control the' regular
sequence of extinction of functions of the
central nervous system.

In the very early period of dying, hypoxia
causes reflex stimulation of chemoreceptors;
angioreceptors, and cerebral vegetative for-

' mations including the respiratory and the

vasomotor centers and the rencular formation
of the brainstemn. Thls reflex stimulation, one
of the body’s important defense-adaptive fac-
tors, is aimed at compensating for failing
functions, ensuring homeostasis, and preserv-
ing the higher sectors of the central nervous
system. It causes accélerated and deeper res-
piration, acceleration of cardiac contractions,
increase of the minute volume of the heart and
of artetial blood pressure, constriction ‘of .the
peripheral blood vessels and of the blood
vessels of the abdominal cavity, and dilata-
tion of the capillary network of the brain.
Activation of function of the central nervous
system i$ manifested by excitation, motor
anxiety, partial restoration of consciousness
(in animals, restoration of some conditioned
reflexes), the reaction of desynchronization
evidenced on electroencephalogram, and
other signs. However, in the dying process
the activation of the compensatory-defensive
process is followed by the equally important



