CARDIAC ARREST
AND CPR

i@ 4

: 5; Assessment Planning, and Intervention

= Second Edition

Paul S. Auerbach, MD
Susan A. Budassi, RN, MSN, CEN

Editors

£ ey
BRI
g _ﬂf“ Iy
b




CARDIAC ARREST
' AND CPR

- Assessment, Planning, and Intervention
Second Edition

Paul S. Auerbach, MD
Susan A. Budassi, RN, MSN, CEN

Editors

1S!EEEI|I|IIE
AN ASPEN PUBLICATION®
Aspen Systems Corporation
Rockville, Maryland

London
1983




Library of Congress Cataloging in Publication Data

Main entry under title:
Cardiac arrest and CPR.

“An Aspen Publication.”

Includes bibliographies and index.

1. Cardiac arrest. 2. Resuscitation. 1. Auerbach,

Paul S. 1I. Budassi, Susan A.,1948- .

II1. Title: Cardiac arrest and C.P.R. [DNLM: 1. Heart
arrest. 2. Resuscitation. WG 205 C264)
RC685.C173C38 1983 616.1°2025 82-16382

ISBN: 0-89443-841-7

Publisher: John Marozsan

Editorial Director: Darlene Como
Managing Editor: Margot Raphael
Editorial Services: Susan S. Rosenberg
Printing and Manufacturing: Debbie Collins

Copyright © 1983 by Aspen Systems Corporation

All rights reserved. This book, or parts thereof, may not be
reproduced in any form or by any means, electronic or
mechanical, including photocopy, recording, or any
information storage and retrieval system now known or

to be invented, without written permission from the
publisher, except in the case of brief quotations embodied
in critical articles or reviews. For information, address
Aspen Systems Corporation, 1600 Research Boulevard,
Rockville, Maryland 20850.

Library of Congress Catalog Card Number: 82-16382
: ~  ISBN: 0-89443-841-7

Printed in the United States of America

1 2 3 45



Contributors

Norman S. Abramson, MD
Assistant Professor

Critical Care Medicine
Research Associate
Resuscitation Research Center
University of Pittsburgh

Paul S. Auerbach, MD

Assistant Clinical Professor of Medicine

University of California, San Francisco

Attending Physician, Emergency Services

San Francisco General Hospital

Medical Director, Base Station’

City and County of San Francisco,
California

Susan C. August, RN,
Staff Nurse
Emergency Department
Ross General Hospital
Marin County, California

BSN, MICN

Susan A. Budassi, RN, MSN, CEN
Clinical Specialist

Emergency Department
Deaconess Hospital

Spokane, Washington

Michael Eliastam, MD, MPA, MPP
Director

Emergency Medical Services
Stanford University Medical Center
Stanford, California

Vil

Jill Furgurson, MD

Staff Physician
Emergency Department
St. John’s Hospital
Santa Monica, California

Antonio G. Galvis, MD

Staff Pediatrician and Clinical Associate
Professor of Pediatrics .

University of Pittsburgh, School of
Medicine

Allegheny General Hospital

Pittsburgh, Pennsylvania

Annette L. Harmon, RN, MSN
Assistant Director of Nursing
Newton-Wellsley Hospital
Newton, Massachusetts

Charles R. McElroy, MD

Clinical Associate Professor of Medicine
UCLA Center for the Health Sciences.
Private Practice, Internal Medicine
Pacific Palisades, California

Alan Meisel, JD

Associate Professor

Law School

University of Pittsburgh

Law and Psychiatry Program of the
Western Psychiatric Institute and Clinic

University Health Center of Pittsburgh

Pittsburgh, Pennsylvania



viii - CARDIAC ARREST AND CPR

Richard Melker, MD, PhD

Emergency Medical Services Division of
Emergency Medicine

Department of Surgery

. Medical Director

Shands Care Helicopter Service

University of Florida

- Gainesville, Florida

Remo L. Morelli, MD

Fellow in Cardiology
Cardiology Division

San Francisco General Hospital
San Francisco, California

Marshall Morgan, MD
Emergency Medicine Center
Department of Medicine
School of Medicine

UCLA Medical Center

Los Angeles, California

Franklin D. Pratt, MD

Office of Student Affairs

The Chicago Medical School
University of Health Sciences
North Chicago, Illinois

Linda Pura, RN, BA
Assistant Director of Nursing
Critical Care Units
Cedars-Sinai Medical Center
"Los Angeles, California

Marshall A. Rockwell, MD
Medical Advisor

Los Angeles City Fire Department
Medical Director

Cable Health Network

Beverly Hills, California

Herbert J. Rogove, DO
Director

Critical Care Services
Riverside Methodist Hospital
Columbus, Ohio -

Peter Safar, MD

Distinguish:zd Service Professor of
Resuscitation Medicine

Director, Resuscitation Research Center

University of Pittsburgh

Richard A. Schatz, MD
Department of Cardiology
Brooke Army Medical Center
Ft. Sam Houston, Texas

David Siegel, MD

Associate Director of Emergency
Medicine

San Francisco General Hospital

San Francisco, California

Joan Kelley Simoneau, RN, CCRN, MICN,
CEN

Private Consultant

Emergency and Critical Care Services

Los Angeles, California

George Sternbach, MD

Deputy Director of Emergency Medicine
Emergency Services

Stanford University Hospital -

Palo Alto, California

Ronald D. Stewart, MD

Assistant Professor of Medicine

University of Pittsburgh

Medical Director, Emergency Medical
Services Department

City of Pittsburgh

Pittsburgh, Pennsylvania



Preface

Cardiopulmonary resuscitation is a charged
medical-political issue that evokes strong
biases, highly publicized and grandiose
research, and community scrutiny ‘that is
unique to the practice of medicine. In another
view, it is the challenge to the intervening
rescuer, which must evoke automatic and
accurate responses.

Properly regarded, the practice of medi-
cine is a team effort in which the team mem-
bers share the goals of health and preservation
of the patient. In no area is teamwork more
important than in cardiopulmonary resus-
citation. At all skill levels, cooperation is
the keynote of successful resuscitation. As
with any other disaster, cardiopulmonary
arrest must be approached enthusiastically
and in an organized fashion. :

In this second edition of Cardiac Arrest
and CPR, we have attempted to address the
major aspects of resuscitation in a way that
will be of clinical use to the reader. The
evolution of prehospital care and layperson
awareness has focused public attention on
the management of cardiac arrest and trauma.
It is crucial therefore that medical profes-
sionals and paraprofessionals be able to per-
form crisis intervention and to justify their
actions.. '

In this book on CPR, the approaches are

open minded. Because of the nature of the

topic, there is some overlap between chap-
ters; however, each chapter can stand alone.
Our intent is to provide the reader with both
a comprehensive review and in-depth dis-

X

cussions of specific subjects. As it was with
the first edition, it is our hope that reader
response will help us to improve this text
and to anticipate new trends in cardiopul-
monary resuscitation.

Forthcoming developments are difficult to
predict, as the cycles of simplicity and com-
plexity in medicine are related to rhetoric,
cost consciousness, and scientific research.
We do anticipate, however, a more straight-
forward and expeditious approach to pre-
hospital care, maximizing the successes that
have followed crisp resuscitations and
transport times. In addition, we can predict
a global effort at the hospital level of care to
validate the efficacy of cerebral resuscita-
tion and great ethical discussion about the
intensive care unit responsibilities it will
incur. Some of the old standards, such as
the use of calcium chloride, megawatt coun-
tershock, and precordial thump, will most
likely disappear; the use of calcium channel
antagonists, increased -intrathoracic pres-
sure, barbiturate coma, and endotracheal
administration of medications will probably
gain new 3Support. It is.imperative that the
new data be clean and that we examine the
data honestly. Only time will tell if any of
these measures will improve survival statis-

“tigs.

Paul S. Auerbach, MD

Susan A. Budassi, RN, MSN, CEN
Editors

November 1982
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1. Pathophysiology of Cardiac Arrest

HERBERT J. ROGOVE, DO

Equating cardiac arrest solely with
ischemic heart disease invariably leads to
oversight and failure in cardiopulmonary
resuscitation (CPR). Although it is true that
most cardiac arrests are secondary to
ischemic heart disease, the experienced
resuscitation leader should be able to draw
upon and apply a basic knowledge of the
pathophysiology of cardiac arrest in treating
patients in cardiac arrest of any etiology.
Three basic events are predominant in the
evolution of cardiac arrest: (1) hypoxia and
anoxia, (2) neurologic dysfunction, and (3)
metabolic and chemical abnormalities. Two
or more of these mechanisms often work in
concert to produce ventricular fibrillation or
asystole.

HYPOXIA AND ANOXIA

Whether the pathogenesis of cardiac arrest
is asphyxia, pulmonary embolism, or car-
bon monoxide poisoning, it is hypoxia that
ultimately leads to cardiopulmonary arrest.
The term hypoxia indicates that the oxygen
content or oxygen tension of arterial blood
is diminished, while the term anoxia usually
connotes total depletion of oxygen through-
out the body. At this time, the body’s highly
efficient cellular metabolism begins to fail.
Mitochondrial damage ensues, and the driv-
ing force of the cell becomes inoperative.
Failure to correct this problem invariably
leads to death.

Classification

Approximately 60 years ago, anoxia was
classified into four major divisions: (1) anoxic,
(2) anemic, (3) stagnant, and (4) histotoxic.!
When anoxia occurs, as in asphyxia or
drowning, oxygen is denied access to the
intravascular spaces. Anemic anoxia results
when the amount of blood available to trans-
port oxygen to tissues is insufficient. In stag-
nant anoxia, typified by the shock state,
circulation of the blood to tissues is reduced.
Histotoxic anoxia is synonymous with- cell
poisoning; although oxygen is available, it
is not used by the tissues. The most common
examples of histotoxic anoxia are cyanide
and carbon monoxide poisoning, hypogly-

_cemia, and uremia.

Response to Hypoxia and Anoxia

The heart responds to hypoxia by increas-
ing its output. Attempts are made to increase
peripheral vascular resistance even though
the circulatory system may already be max-
imally vasodilated. If anoxia is not corrected
immediately, ectopic cardiac rhythms may
result. In addition, coronary blood flow may
decrease, creating a potential for acute
myocardial infarction, arrhythmias, or sud-
den death. In the presence of anoxia, stim-
ulation of the vagus nerve may be a major
factor in the etiology of bradycardia, leading
to asystole.! Anoxia alone induces the release
of catecholamines, and excessive amounts
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of catecholamines lower the threshold for
ventricular fibrillation.

Simultaneously with the cardiac response
to hypoxia, the pulmonary blood flow, pul-
monary vascular resistance, and pulmonary
artery pressures increase. Other organs and
tissues fail to function when oxygen satu-
ration falls below 50%. In this setting,
although the cerebral blood vessels dilate as
much as possible, the brain cells are unable
to extract oxygen from blood, especially
when capillary oxygen pressure levels are
below 15 to 20 mm Hg. Also, hepatic cells
cannot survive when arterial oxygen con-
tent is less than 9 vol%. These are but some
of the many physiologic responses to
hypoxemia.?

Structural Damage

In addition to the physiologic reactions to
oxygen deficiency, subendocardial hemor-
rhagic necrosis may occur, often resulting,
in low cardiac output with conduction
abnormalities. Representative anoxic dam-
age involves three major areas: the myocar-
dial cell, the coronary microvasculature, and
the cardiac conduction system.?

The Myocardial Cell

Myocardial cells require oxygen for energy
production and survival. The energy elicited
from the cardiac mitochondria supports the
sodium-potassium ‘“‘pump’’ of the sarco-
plasmic reticulum, both of which help to
maintain the heart’s intrinsic rhythm and
contractility. When the oxygen supply is
diminished, energy requirements of the heart
may not be fulfilled. Following the onset of
severe hypoxia, for example, the amount of
oxygen in reserve is adequate for less than
five minutes. There is a threefold increase
in oxygen consumption during fibrillation as
compared with asystole. Oxygen consump-

‘tign in the arrested fibrillating heart may
approach 30% of that of the normal working
heart.

During anaerobic metabolism, glycogen
becomes one of the primary substrates used.
Unfortunately, however, myocardial anaer-
obic glycolysis produces only enough gly-
cogen to last for four minutes.> One of the
more interesting of the therapeutic interven-
tions that have been proposed for anoxic
cardiac arrest involves the use of glycogen
as an energy substrate during anoxia.* In one
animal study, glycogen was administered to
several dogs during induced anoxic arrest.
The results indicated significant protection
and preservation of cardiac function during
the arrest. Further studies dre required before
this can be considered for human clinical
application, however.

Hypoxia, hypercapnia, and acidemia
stimulate the release of catecholamines prior
to cardiac arrest. With increased levels of
circulating catecholamines, myocardial
oxygen consumption increases, the rate of
glycolysis increases, and the automaticity
of the His-Purkinje fibers is enhanced. Com-
bined, these factors create an extremely pre-
carious situation for the heart that needs to
conserve rather than consume energy.

Ischemia may cause myocardial cell dam-
age and electrolyte shifts, which in turn may
precipitate arrhythmias and alter cellular
metabolism and mitochondrial function.
Hypercapnia and elevated lactic acid levels
can alter the myocardial cellular pH, dimin-
ishing cardiac contractility.

The Coronary Microvasculature

Microscopically, an early myocardial
lesion of anoxia is seen as an alteration of
the capillary membrane.’ In the human adult,
there is close to a one-to-one ratio of capil-

laries to myocardial fibers; therefore any

damage to a capillary affects an entire con-
tractile unit. Fragmentation and swelling of
myocardial fibers distort the myocardial
ultrastructure; consequently, there is a
decrease in the work capacity of the heart,
which corresponds with a decrease in the
adenosine triphosphate (ATP) concentra-
tion.* When anoxia becomes irreversible,



mitochondria may disappear. The loss of
lysosomal membrane integrity causes a
release of hydrolytic enzymes, which fur-
ther damages the myocardial ultrastruc-
ture.’ -

A decrease in systemic blood flow and an
increase in capillary permeability accom-
pany anoxia. Plasma protein is lost from the
intravascular compartment, decreasing vol-
ume and thus contributing to red cell sludg-
ing. This initiates a cascade of events, eg,
red cell agglutination, platelet adhesion to
endothelial walls, and release of adenosine
diphosphate (ADP). The result is vascular
endothelial damage.

When the vascular cell membrane becomes
permeable, uncontained vasoactive sub-
stances and acid metabolites further damage

the capillary endothelium. The anoxic heart .

muscle releases adenosine, potassium,
phosphate, and lactate, which contribute to
vasodilation and increase vascular permea-
bility.*

The Cardiac Conduction System

Anoxia may alter the normal sequence of
depolarization and encourage irregular ven-
tricular contractions and arrhythmias. A large
number of Purkinje’s fibers are located in

. the left ventricular subendocardium. If this
vulnerable area suffers hemorrhagic necro-
sis, cardiac output may be low.

Metabolic Influence of Anoxia

A comprehensive study of the metabolic
influences of asphyxia and anoxia demon-
strated the remarkable similarity of the car-
diac and respiratory responses.’ In asphyxia,
hypercapnia progressively paralyzed the
catecholamine-induced myocardial contrac-
tion; however, death was attributed more
directly to hypoxia and acidosis, which
synergistically produced hypotension.
Despite this particular synergism, it was
demonstrated that each acted discretely in
the pathophysiology of cardiac failure.’

Pathophysiology of Cardiac Arrest 3

In anoxia, the progression of the arres
was rapid, there was a high incidence ot
myocardial irritability (ventricular fibrilla-
tion), and autopsy showed the heart to be
firmly contracted. Arrests associated with
respiratory acidemia progressed less rapidly
and had a lower associated incidence of ven-
tricular irritability; the heart appeared dilated
and relaxed at autopsy. Thé therapeutic
implications of such data are unclear.

Depletion of oxygen inhibits the respira-
tory drive prior to total cardiac decompen-
sation. Therefore respiratory arrest (present
within two to six minutes) precedes circu-
latory collapse (present within five to ten
minutes). Although experimental animal
hearts undergo significant structural damage

- during arrest, 'the lungs of these same ani-

mals appear grossly normal at autopsy. The
only evidence of pulmonary injury is mild
dependent congestion. This supports the
notion that respiratory arrest is centrally
mediated. ;

An appreciation of the pathophysiology
of anoxia makes it easier to understand how
certain conditions may ultimately result in
cardiac arrest and death. At all times, the
clinician must consider anaphylaxis, exsan-
guination, asphyxia, electrdcution, light-
ning injuries, tension pneumothorax,
pulmonary embolism, carbon monoxide
poisoning, near-drowning, and seizures.8-1°

NEUROLOGIC MECHANISMS
The Vagus Nerve

Increased vagal tone not only may prop-
agate a sinus bradycardia, but also may
depress atrioventricular conduction, caus-
ing atrial and ventricular slowing or cardiac
standstill. Because visceral structures, par-
ticularly gastrointestinal and respiratory
organs, contain vagal nerve fibers, proce-
dures such as endotracheal intubation,
bronchoscopy, colonoscopy, and esopha-
gogastroscopy may precipitate arrhythmias
or even a full arrest.!' Anoxia may further
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contribute to the lethality of vagal stimula-
tion, because it may be highly vagomimetic.
Hypoxia and hypercapnia can enhance vagal
stimulation. Estimates in one series of 1,200
cardiac arrests suggested that 25% were
mediated in some form by the vagus nerve.!?

Certain common clinical procedures are
associated with vagal stimulation and the
risk of a cardiopulmonary arrest, eg, abdom-
inal surgery involving traction on the gall-
bladder, displacement of the stomach,
mobilization of the omentum, and distention
of the common bile duct.!' Diagnostic pro-
cedures such as gastroscopy, the adminis-
tration of a barium enema, or even a routine
ventipuncture also carry these risks.!:!3-15
Patients who undergo eye surgery may
experience vagus-related cardiac arrest.'?
With increased external ocular pressure, an
afferent oculocardiac reilex that involves both
the vagus and trigeminal nerve may cause
bradycardia, premature ventricular contrac-
tions, nodal escape beats, or ventricular
tachycardia. The premedication of patients
to relieve anxiety has probably diminished
the risk of these procedures, particularly in
patients with underlying cardiovascular
disease.

Jaundiced patients may experience epi-
sodes of bradycardia. probably because of
increased vagal tone secondary to the depo-
sition of bile salts in body tissue. Elderly
patients who have a sensitive carotid sinus
may experience episodes of ventricular
fibrillation or asystole, apparently because
of an indirect link between the carotid sinus
reflex and the vagus nerve. A similar mech-
anism has been postulated in patients with
glossopharyngeal neuralgia who experience
cardiac syncope. In these situations, the ninth
cranial nerve has an indirect connection to
the vagus.'® Subarachnoid hemorrhage may
cause cardiac arrest through several mech-
anisms, one of which is stimulation of area
13 of the brain, which has the major cortical
influence upon the vagus nerve."

Cases of cardiac arrest related to exces-
sive vagal discharge have been reported in
patients with quadriplegia and in patients

treated with electroconvulsive shock ther-
apy; for the most part, the mechanisms are
quite similar to those involved in the other
vagus-induced arrests.'"!” Clearly, it is of
crucial therapeutic significance to anticipate
overstimulation of the vagus nerve, partic-
ularly in patients who are unable to com-
pensate with the appropriate cardiovascular
response.

Autonomic Abnormalities

A neurologic basis for cardiac arrest is
seen in patients whose autonomic nervous
system cannot accommodate the stress of
illness, such as a diabetic with an associated
autonomic neuropathy.'® These patients have
inadequate respiratory responses to afferent
impulses from the carotid body and carotid
arch. Diabetics are often further jeopardized
by concurrent cardiovascular disease.

In contrast to those with autonomic hypo-
function, some patients have an excessive
amount of autonomic activity. In tetanus
infections, for example, cardiac standstill
may occur, partly because of toxin-induced
sympathetic overactivity.'

Sudden Death

Psychologic as well as physiologic imbal-
ance may cause sudden death.?*® There
appears to be a close correlation between
the mechanisms of vasovagal syncope and
sudden death. In ‘the face of emotional
despair, a patient may experience vaso-
depressor syncope. The hemodynamic
response to vasodepression involves two
phases. Initially, the heart rate, blood pres-
sure, peripheral vascular resistance, and
cardiac output increase. In the second phase,
all of these parameters reverse, resulting in
bradycardia with frequent sinus arrest and
escape rhythms. In addition to the vagal
influence, a corticospinal response is reputed
to be intimately involved.

There have been numerous examples of
patients under extreme stress who have



experienced syncope or sudden death. Sim-
ply arriving at an emergency department has
been related to dramatic, life-threatening
arrhythmias.?® A decreased arrhythmia
threshold is associated with stress. For
example, when they are helpless, animals
exposed to noxious stimuli developed lethal
arrhythmias.? The animal response varied
from a sympathetic system-induced tachy-
cardia to a parasympathetic system-mediated
bradycardia. This rapid fluctuation of sym-
pathetic and parasympathetic discharge may
contribute to electrical instability that pro-
vides the milieu for ominous arrhythmias.

Although the psychophysiologic input into
sudden death is significant, organic heart
disease remains the predominant factor in
sudden cardiac arrest. Most of the 400,000
to 600,000 annual sudden deaths have been
attributed to ventricular arrhythmias.?"?? In
a group of patients resuscitated from sudden
death, angiographic studies revealed that 94%
had significant (greater than 70%) occlusion
of one or more coronary vessels. Measured
ventricular contraction abnormalities sug-
gested that extensive sc~a§'ﬁng contributed
to ventricular fibrillation.? -

Recently, attention has been focused on
the long QT interval syndrome. In the idio-
pathic type, the patient is usually asympto-
matic until a syncopal episode reveals a
prolonged OT interval."” The acquired form
is usually secondary to drugs, electrolyte
imbalance, hypothermia, cerebrovascular
disease, or neck surgery. The suspected
mechanism is an imbalance of cardiac sym-
pathetic innervation, a suspicion supported
by the fact that a prolonged QT interval is
produced in animals when the right stellate
ganglion s blocked. Sudden death associ-
ated with a prolonged QT interval has also
been attributed to liquid protein diets.?*~?’

METABOLIC AND CHEMICAL
ABNORMALITIES

Alterations of the overall metabolic state
may have direct cardiac effects that predis-
pose to cardiopulmonary arrest. In general,
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metabolic acidemia decreases the threshold
for ventricular fibrillation.?® In dogs, the
ventricular fibrillation threshold ‘was not
influenced by pH changes of respiratory
origin®; thus hyperventilation of an aci-
demic dog did not diminish the risk of ven-
tricular fibrillation. Changes of Pco, are
indeed detrimental, however. Hypercapnia
associated with both a lower pH and an ele-
vated potassium level may greatly sensitize
the myocardium to the effects of catechol-
amines.? :

Fluxes or absolute deficiencies or excesses
of electrolytes, such as potassium, calcium,
and magnesium, may alter myocardial excit-

“ability and precipitate arrhythmias. Patients

with progressive hyperkalemia may develop
delayed ventricular conduction, arrhyth-
mias, and cardiac standstill.? Excessive cal-
cium, particularly in concert with digitalis,
may stimulate arrhythmias and induce sud-
den death. Excessive magnesium, a major
intracellular ion, may cause intraventricular
conduction delays and arrest the heart in
diastole.

Hypothermia may induce cardiac arrest.
In fact, much of the understanding of anoxic
and hypothermic arrest has been derived
from observing patients whose hearts were
intentionally arrested during cardiac sur-
gery. Hypothermia may directly affect the
myocardium, causing ventricular fibrillation
and asystole.3*3!

Chemical mechanisms of cardiac arrest
are numerous and involve primarily anes-
thesia and medications. In one study of
unexpected cardiac arrests in healthy patients
undergoing elective surgery (1/3,400 oper-
ations), the causes included anesthetic mis-
management, hypoxia secondary to
hypoventilation, malignant hyperpyrexia,
severe bronchospasm, and air emboli.*? The
more common medications associated with
cardiac arrests are aminophylline, amino-
glycosides, penicillin, chlorpromazine, pro-
pranolol, potassium supplements, diazepam,
and lidocaine.*-** An increased vigilance for
arrhythmias is necessary when these agents
are used.
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EFFECTS OF PROLONGED ARREST

The longer it takes to restore normal per-
fusion after cardiac arrest, the more likely
that the patient will suffer such complica-
tions as acute tubular necrosis of the kidney,
bowel infarction, or hypoxic encephalopa-
thy. While hemodialysis and timely surgical
removal of devitalized bowel are treatments
for the first two complications, it is only
recently that clinically applicable treat-
ments have been developed for cerebral
resuscitation. :

The changes in cerebral perfusion and his-
tologic dumage to the brain during and fol-
lowing cardiac arrest have been carefully
documented in many animal studies. The
most commonly suggested mechanisms of
the hypoxic encephalopathy that accompan-
ies cardiac arrest are neuronal vulnerability
to oxygen deprivation and elevation of lactic
acid levels as a consequence of ischemia.
When the patient’s body temperature is nor-
mal, irreversible ischemia usually occurs
eight to ten minutes after the onset of car-
diac arrest.>* Within two to three minutes,
red blood cells begin to sludge; within five
to ten minutes, microemboli form and
obstruct the cerebral vasculature in a scat-
tered distribution. In animals, the affected
areas include, in order, the brain stem, basal
ganglia and thalamus, and the cortex.*
Interestingly, fibrin clots or platelet thrombi
are not preeminent, making the administra-
tion of heparin as yet an inappropriate ther-
apy.

Following  cerebral ischemia, cerebral
perfusion is diminished as a result of
mechanical obstruction of the edematous
endothelial cells, potassium-induced eleva-
tion of cerebrovascular resistance, and
slightly increased intracranial pressures.’
These are the most likely explanations for
what has been called the ‘‘no-reflow phe-
nomenon.”’ The basis for post—cardiac arrest
cerebral insufficiency appears to be the
brain’s low tolerance for anoxia. Further
cerebral insult apparently results from a

combination of depleted glucose reserves
and extreme loss of cerebral energy metab-
olism.*® World-wide studies are needed to
determine whether treatment, such as with
barbiturates or calcium channel antagonists,
will protect and promote recovery of the
ischemic brain.

THE FINAL MECHANISM

Whatever the cause, the finale in “the
pathophysiology of cardiac arrest is the ces-
sation of cardiac muscle contraction. Usu-
ally, it requires 20 to 30 minutes for electrical
activity to cease completely, although it
requires only 10 minutes for brain cell death.?
The two final arrhythmias in the termination,
of cardiovascular activity are ventricular
fibrillation and asystole.

Ventricular fibrillation has been described
as an uncoordinated, disorderly and
extremely bizarre contractile process.*%
When it occurs, the intraventricular pres-
sure is not sufficient to eject blood. Without
adequate myocardial contraction, perfusion
pressures cannot satisfy the needed blood
flow to the brain and other vital organs.

The vast majority of deaths relaged to ven-
tricular fibrillation are complications of a
myocardial infarction. One widely accepted
theory of fibrillation, the reentry theory, is
that a single impulse is propagated in a cir-
cus movement. A second explanation is that
repetitive discharges originate from a single
ectopic focus.****° Because of the increasing
awareness of the importance of metabolic
and biochemical factors that increase car-
diac automaticity and thus the potential for
fibrillation,* drugs that alter the fibrillation
threshold have been developed.

Asystole may be classified as either pri-
mary or secondary.® Primary asystole is &
sudden and overwhelming event associated
with myocardial depressant drugs, sus-
tained high-energy shock, and advanced
atrioventricular block. Secondary asystole
may be the consequence of vagal stimula-
tion, exsanguination, or asphyxia. Within



ten seconds of asystole, either primary or
secondary, the patient is unconscious. This
is followed immediately by apnea and, in 60
seconds, by pupillary dilatation.

CONCLUSION

The medical literature and anecdotal phy-
sician experiences provide an enormous data
base on cardiopulmonary arrest. There are
protean studies and case reports on the
pathogenesis of cardiac arrest; what is nec-
essary now is a search for common ground

based on the pathophysiology of cardiac

arrest so that a reasonable approach to
resuscitation can be taken. Whether the
patient is in full arrest from near-drowning,
electrocution, or ischemic heart disease, all
physiologic parameters must be rapidly cor-
rected. If both brain and heart are to be
saved, resuscitators must advance beyoad
arrhythmia management and employ
maneuvers that demonstrate an understand-
ing of the pathophysiology of cardiopulmo-
nary and cerebral arrest.
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