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infroduction

The definition of shock has changed over the years concomitant with an im-
proved understanding of its pathophysiology. Beland* described shock as a disproportion
between the volume of blood and the capacity of the vascular chamber. The nature of
shock is seen on the basis of this earlier conceptualization as a circulatory imbalance
in which the ability to maintain blood flow is impaired by either a deficiency in blood
volume or an expanded capacity of the vascular system. Conceptualizing shock as a
circulatory imbalance gave clinicians a whole-organ perspective. This allowed for the
recognition that multiple body systems become involved as a result of inadequate organ
perfusion resulting from decreased venous return and cardiac output. However, the
whole-organ concept did not direct therapy toward the real culprit. The pathophysiology
of shock can now be dissected to a cellular level, giving physicians and nurses the in-
formation needed to initiate early preventive therapy.

Currently shock is defined as a deficiency of tissue perfusion associated with
the inadequate delivery of oxygen and nutrients to the cells. A cellular conceptualization
of the alterations created by shock provides improved insight into the origin of clinical
manifestations, the etiology of complications, and the rationale for comprehensive ther-
apy. This insight has implications for the nurse.

Management of the patient in shock is of course no simple task. A comprehensive
understanding of the pathological interrelationships that exist is a basic requirement for
the clinician. The nurse must not be guided only by the physician’s eyes. This is to say
that he or she should not become complacent in relying on the focus of medical therapy
as the only direction for assessment or intervention. It is the nurse who will spend the
most time caring directly for the acutely ill shock patient. It is imperative that the nurse
be prepared with a sound theoretical background to make the independent decisions
necessary for management of critically ill individuals.

The purpose of this text is to provide the nurse with the most current information
from medical and nursing research to explain the entity of shock. An emphasis on physi-
ology as well as pathophysiology equips the nurse with the essential background of
knowledge to make quick and insightful observations, decisions, and interventions. Like-
wise, the emphasis on pathophysiology aids in clarifying the rationale for various treat-

*Beland, 1.: Clinical Nursing: pathophysiological and psychosocial approaches, New York, 1965, Macmillan
Publishing Co., Inc.

+O’Donnell, T.F., Jr., and Belkin, S.C.: The pathophysiology, monitoring, and treatment of shock, Ortho-
pedic Clinics of North America 9:589. 1978: Groer, M.E.. and Shekelton, M.: Basic pathophysiology: a con-
ceptual approach, t. Louis, 1979, The C.V. Mosby Co.; Guyton, A.C.: Textbook of medical physiology,
ed. 5, Philadelphia, 1976, W.B. Saunders Co



vi Introduction

ment modalities. Throughout the text the relationship of the function of one body sys-
tem to that of another is stressed. Content representing the biological, physiological,
and social sciences is integrated. A holistic approach is utilized to stress the need for
the nurse to remain aware of how the patient is affected psychologically as well as
physically by serious illness.

In planning the textbook’s contextual format, it was decided an attempt would
be made to provide readers with a simple referential approach to shock. Being able to
conceptualize the nature of major pathological alterations on the basis of a knowledge
of normal physiological mechanisms would enable the clinician to gain a fuller under-
standing of shock syndromes. For this reason the chapters on physiological mechanisms
have been thoroughly developed.

The initial portion of the text introduces the reader to a physiologically cen-
tered conceptual framework. Four physiological concepts are developed: the heart, the
blood vessels, the blood volume, and the lung. Syndromes of shock create pathological
alterations that influence the homeostasis of each of these physiological entities. With
an inadequacy in tissue perfusion there exist alterations in blood volume distribution.
Changes occur in the regulatory status of the vessels themselves that alter vessel in-
tegrity and fluid balance. The heart, if able, must compensate as a result of the dis-
turbance in venous return. Of the many organ systems involved, the lung is a crucial
one, for there must be an adequate provision of oxygen to reverse the progression of
shock. When the pathological nature of a specific shock syndrome directly affects the
heart, vessels, blood volume, or lung, the ability of the whole organism to adapt to the
insult is seriously impaired.

Chapters on the heart, cardiovascular control mechanisms, and microcirculation
provide an in-depth understanding of normal circulatory regulation. The reader is able
to recognize the adaptive responses that occur when circulatory equilibrium is threat-
ened. The chapter on microcirculation explores the physiology of fluid balance and
exchange. It provides a reference for understanding the mechanisms of cellular pa-
thology described later in the chapter on the classification of shock. The oxygenation
chapter explores in depth the requirements for adequate delivery of oxygen at the cel-
lular level.

Each chapter on physiology provides readers with an exploration of anatomical
structures as well as a detailed look at physiological function. Terminology familiar to
the critical care nurse is carefully explained and applied to relevant physiological pro-
cesses. The reader gains a comprehensive knowledge of the compensatory and inter-
dependent mechanisms existing within the heart, blood vessels, and lung to maintain
perfusion and oxygen delivery to cells. Understanding regulatory responses that main-
tain circulation and oxygenation will aid the nurse in the early recognition of signs of
shock. In completing the physiological review, the reader will be prepared to under-
stand all of the ramifications of the pathogenic process known as shock.

The reader is introduced to the varieties and nature of shock in the next section.
The introduction to the classification system for shock reveals to the reader that shock is
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not a single disease entity but rather a complex syndrome. The clinical status of a given
patient can change dramatically during the course of shock. The different causes of shock
as well as the different levels of severity create a challenge for the practitioner seek-
ing the most appropriate means of therapy. The current classification systems are pre-
sented in a concise manner to provide the reader a means of learning terminology and
concepts.

A chapter on hemodynamic monitoring follows the review of the classification
systems of shock. Sophisticated machinery is now utilized to record subtle changes in
a patient’s hemoaynamic status. The use of hemodynamic ‘monitoring is consistent with
the management of all shock types. The nurse must be responsible for the efficient
functioning of this monitoring equipment as well as the analyzing and reporting of sig-
nificant data findings. The chapter on hemodynamic monitoring explores the use of the
Swan-Ganz catheter in carefully recording the ongoing condition of the shock patient.
A thorough look at the function and purpose of Swan-Ganz monitoring is presented.

The text next presents an in-depth look at four different types of shock. The
clinical pictures of hypovolemic, cardiogenic, septic, and anaphylactic shock are de-
scribed in detail. Each clinical picture begins with a look at its specific pathological
nature. The most recent medical research directed toward understanding the nature of
the various shock entities is utilized. A summary of clinical signs and symptoms accom-
panied by a physiological rationale for each is also given. This informs the nurse of
the types of assessment measurements required as well as the significance of the findings
gathered. Current diagnostic methods and criteria for their use are also explored.

Within the management section of each clinical picture, both medical and nursing
therapies are carefully presented. A goal-oriented approach is utilized to organize the
content of the management section. The authors have taken care to explain the most
current forms of therapy and the proposed therapeutic rationale for each. In cases in
which the form of therapy is controversial, each treatment modality is explored for its
benefits and disadvantages. In situations in which similar types of nursing therapy are
utilized for all types of shock, one chapter is used to explore that therapy in depth. With-
in all of the clinical pictures the nursing implications that evolve from therapeutic mea-
sures are highlighted. The reader is prepared with a complete picture of the nurse’s
responsibilities concerning each type of shock. Current pharmacological therapy is
integrated throughout all of the chapters.

To assist the reader in assimilating theory with practice, patient vignettes are
presented at the end of each clinical picture. A hypothetical patient-care situation is
presented, and the reader is asked to reflect on the previously discussed theory. A series
of four to six questions requires the reader to make decisions similar to those confronted
in the clinical setting. A final explanation of the answers affords a useful summarization
of theoretical viewpoints.

The final section of the text deals with common complications resulting from
shock. Adult respiratory distress syndrome, disseminated intravascular coagulation, and
renal failure, although common complications of shock, are disease entities in their own
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right. The amount of recent literature dealing with each is voluminous. However, there
have been few attempts to thoroughly explore these complications as they relate to shock
from a nursing focus. Each complication is given the same comprehensive presentation
as the clinical pictures of shock. Prevention as well as management of the complications
is considered.

A question a reader might ask is, Will this textbook serve to improve nurSing
care? The theme of the text is to do just that. As the nurse faces the challenge of caring for
a shock patient many questions arise:

What conditions favor the development of shock?

Can these conditions be prevented by nursing measures?

What clinical signs and symptoms can the nurse expect to see?

What is the significance of these signs and symptoms?

What assessment measurements are critical for the nurse to make?

What subtle findings help to discriminate the nature of different forms of shock?

What interventions. become a priority during the acute onset of shock?

What is the specific scientific rationale for these interventions?

What measures are utilized to monitor the patient’s progress?

How can the nurse specifically maintain and support existing functions to prevent

complications?

What is.the therapeutic rationale for controversial treatment modalities?

How can the nurse maintain the patient’s identity and sense of worth during a

time of critical illness? E

This text attempts to provide answers to all of these questions. With the rapid
expansion of knowledge and technology, it is imperative that the nurses be prepared to
continually expand their learning. The field of critical care has grown by leaps and
bounds during the last decade. :

The authors have attempted to prepare a concise, cohesive, and comprehensive
look at shock. Texts often provide a cookbook approach to a particular nursing care
problem without giving thought to the ‘‘cook’s’’ background or knowledge. This text
has been developed with the goal of providing the nurse the most complete and accurate
inforrhation available. Each chapter has been prepared with the whole text in mind.

Patricia Ann Pofter



Contents

ﬁckno.«-l«d/n\mmzs

PART ONE
1

PHYSIOLOGICAL CCNTROLS

Cardiovascular control systems, 3
LINDA NIiEDRINGHAUS

Components of the cardiovascular system, 3
Functions of the cardiovascular system, 5
Regulatory mechanisms, 6

Evaluation of cardiac function, 17

Myocardial pump, 22 7 S
ANGELA SMITH-COLLINS

Functional anatomy of the heart, 22

Cellular ultrastructure and function, 29 s,
Properties of cardiac muscle, 29

Electrophysiology, 31

The cardiac cycle, 35

Alterations in the myocardium, 37

Microcirculation, 42
PATRICIA POTTER

Components of microcirculation, 43

Characteristics of blood flow through microcirculation, 48
Regulation of microcirculatory flow, 49

Fluid exchange in microcirculation, 57

Summary, 62

Oxygenation, 64
ANNE GRIFFIN PERRY

Structure and function, 64
Veittilation, 66

Perfusion, 70

Ventilation-perfusion relationships, 71
Diffusicn, 74

Regulation of respiration, 77
Mechanical ventilation, 77

xi



xil Contents

PART TWO MANAGEMENT OF THE PATIENT IN SHOCK

5 Classification of shock, 91
LINDA HIEDRINGHAUS

Classification systems for shock, 91
The common denominator: reduced cellular perfusion, 98
Summary, 100

6 Hemodynamic moniioring of the patient in shock, 101
ANNE GRIFFIN PERRY

Venous pressure monitoring, 101

Intra-arterial pressure monitoring, 104

Monitoring with balloon-tipped flow-directed catheters, 110
Hemodynamic alterations present in shock, 122

7 Hypovolemic shock, 126
LINDA NIEDRINGHAUS

Physiological effects of inadequate plasma volume, 126
Adaptive responses, 127

Causes, 129

Nursing assessment, 133

Medical management, 135

Nursing management, 139

Indicators of successful management, 145

~Summary, 147

8 Cardiogenic shock, 152
ANNE GRIFFIN PERRY

Pathophysiology, 152

Clinical picture, 154

Medical and nursing management, 156
Prognosis and complications, 167

9 Septic shock, 172
ANGELA SMITH-COLLINS

Host-agent relationship, 172
Pathophysiology, 176
Clinical picture, 181
Medical therapy, 182
Nursing management, 185



10

PART THREE
1

12

13

14

Contents

Anaphylactic shock, 194
JUDITH L. MYERS

Pathophysiology. 194
Nursing cssessment, 202

Medical and nursing management, 205

COMPLICATIONS OF SHOCK

Introduction to complications of shock, 215
JUDITH L. MYERS

Summary of the effects of shock on cellular metabolism, 216
Effects of shock on organ systems, 218

The adulf respiratory distress syndrome, 225
PATRICIA POTTER

Pathophysiclogy, 227

Nursing assessment, 229

Medical and nursing management, 232
Prognosis: implications for nursing, 241

Disseminated intravascular coaguiation, 245
ANGELA SMITH-COLLINS

Normal dynamic state of blood, 245
Pathophysiology, 251

Clinical picture, 253

Medical management, 256

Nursing management, 257

Acute renal failure, 266
JUDITH L. MYERS

Pathophysiology. 266

Classification, 269
Medical and nursing management, 271

xHi



SHOCK

Comprehensive nursing management

Editors

ANNE GRIFFIN PERRY, R.N., M.S.N.
PATRICIA ANN POTTER, R.N., M.S.N.

Co-authors

LINDA NIEDRINGHAUS, R.N., M.S.N.
ANGELA SMITH-COLLINS, R.N., M.S.N.
JUDITH L. MYERS, R.N., M.S.N.

lllustrated

The C. V. Mosby Company

ST. LOUIS « TORONTO « LONDON 1983



Acknowiedgments

The uniqueness of this book lies in the collaborative effort of all the co-authors.
A true team etfort was utilized in developing the style, format, and content. Each
authcr’s goal is to provide content for the sophisticated learning needs of the profes-
sional nurse.

In addition we wish to offer our sincere appreciation to:

Helen Wells for excellent manuscript preparation. Despite multiple revisions and requests
she remained helpful, organized, and consistently tolerant.

Jeanne Robertgon, an outstanding medical illustrator whose work was consistently ex-
cellent and creative.

Nancy Mullins, Assistant Editor, and Pamela Swearingen, Editor, Nursing Division, at
The C.V. Mosby Company for their support and advice during the manuscript preparation.

Bess Arends, Assistant Editor, Nursing Division, at The C.V. Mosby Company who
provided much support in the final manuscript preparation.

‘Diane Ackermann, Manuscript Editor, and Lin Haligren, Supervising Editor, at The
C.V. Mosby Company for their editorial expertise.

$t. Louie Universitv School of Nursing for the academic environment that served to
stimulate this book’s creation.

Our respective families, friends, and colleagues ior their support while this book con-
sumed time and energy.

We also appreciate the review and suggestions on portions of this manuscript
by Elaine Hurley, Elaine Larson, Linda Lazure, and Judith Masiak.

Anne Griffin Perry
Patricia Ann Potier
Linda Niedringhaus
Angela Smith-Ccoliins
Judith L. Myers



PART ONE

PHYSIOLOGICAL CONTROLS

/] Cardiovascular control systems
LINDA NIEDRINGHAUS

The function of the cardiovascular system is to supply oxygen and nutrients to
all tissues of the body according to their metabolic requirements. Normally, each tissue
and organ receives the exact blood flow required for adequate nutrition. To meet these
variations in circulatory requirements, the cardiovascular system responds through a
multitude of regulatory mechanisms. These mechanisms respond to stress by increasing
the blood supply to active tissues. When the challenge is severe, blood flow to the vital
organs such as the heart and brain is maintained at the expense of the circulation to the
rest of the body. An understanding of the manner in which this system responds to stress
is of importance to the nurse since signs and symptoms of shock are caused by an im-
pairment of these responses.

COMPONENYS OF THE CARDIOVASCULAR SYSTEM

The cardiovascular system is a closed transport system composed of a heart serv-
ing as a pump, blood serving as the carrier, and vessels serving as conduits for the blood.
All three of these components must be functioning to provide all of the body tissues with
adequate oxygen and nutrients.

The heart

The heart is a pulsatile four-chambered pump composed of two atria and two
ventricles. The atria function as entryways to the two ventricles and also serve to pump
blood into the ventricles during the latter part of diastole. The ventricles generate the main
force that propels blood through the lungs and peripheral circulatory system. The func-
tional activities of the heart are related to three of the physiological properties of heart
muscle: rhythmicity, conductivity, and contractility. Each of these properties is devel-
oped to different degrees in various areas of the heart. Rhythmicity is well developed in
the pacemaker region of the heart, which is responsible for initiating impulses conducted
to the rest of the heart. The property of conductivity is especially developed in the re-
gion of the Purkinje network, which is responsible for the rapid conduction of impulses
from the pacemaker cells to the ventricles. Contractility is developed in the walls of the
atria and to a greater extent in the muscular walls of the ventricles. The cardiac muscle,
valves, conduction system, blood supply, and neural mechanisms must be intact for the
heart to function normally. All of these components work together to ensure that the
rate, force, and volume of blood pumped into the circulation will be adequate to supply

3



4 Physiological controls

all body tissues when the person is at rest or when metabolic demands are increased by
illness, exercise, or stress. (See Chapter 2 for a complete discussion of the heart as a

pump.)

The blood

Blood serves as the carrier of the cardiovascular transport system. The normal
circulating blood volume of a man weighing 70 kg is approximately 8% of the body
weight, or 5600 ml. About 55% of this volume is plasma. Whole blood contains plasma
proteins, red blood cells, white blood cells, and platelets, which are suspended in the
plasma. Although small amounts of oxygen and carbon dioxide are dissolved in the
plasma, most of it is bound to hemoglobin in the red blood cells. Nutrients are dissolved
in the plasma, and hormones are bound to plasma proteins for transport from their endo-
crine glands to sites of action (target tissues). Nitrogenous and other wastes are also
transported by the blood to the kidney for excretion. Blood volume must be adequate
to ensure that the cardiovascular transport system functions normally.

The vessels

The systein of vascular conduits, the third component of the cardiovascular trans-
port system, is composed of arteries, arterioles, capillaries, venules, and veins. Each of
these structures has a particular function, .which correlates directly with its individual
vessel size and wall structure (Table 1-1).

~ The aorta and large arteries serve as temporary storage facilities, storing some
pressure in their elastic walls during systole and releasing or returning pressure ‘o the
cardiovascular system during diastole. These elastic properties prevent large fluctuations
in pressure and provide for even distribution of blood flow to the peripheral tissues. The
aorta is the largest vessel in the body with a lumen diameter of 2.5 cm and a wall thick-
ness of 2 mm. The arteries have a lumen diameter of about 0.4 cm and a wall thickness of
1 mm. A large diameter and wall thickness are necessary for these vessels to tolerate the
full force of the pumping action of the left ventricle.

The arterioles serve as resistance vessels. The lumen diameter of the arterioles
is about 30 um with a wall thickness of 20 wm. These relatively thick, muscular vessels

Table 1-1. Characteristics of various types of blood vessels

Lumen diameter Wail thickness Function
AP R U i ¥ Y S B BRI T T TS BRI AR T
Aorta 2.5 cm 2 mm Pressure storage
Artery 0.4 cm 1 mm Pressure storage
Arteriole 30 pum 20 pm Resistance
Capillary 6 um 1 um Exchange
Venule 20 pm 2 pm Volume storage

Vein 0.5 cm 0.5 mm Volume storage
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are richly innervated by sympathetic and parasympathetic nerves that allow them to con-
strict or dilate, thereby controlling systemic blood pressure and allowing for capillary
runoff, which lowers arterial pressure. Thus arterioles are the major site of resistance
to blood flow. Small changes in their caliber cause large changes in the total peripheral
resistance and blood pressure.

' The arterioles divide into smaller, muscle-walled vessels called metarterioles.
These divide further into capillaries that are the exchange vessels. Porelike openings
in the walls of the capﬂlaries allow for the exchange of oxygen and nutrients from capil-
laries to body cells and the exchange of carbon dioxide and wastes from cells to capil-
laries. The rate of blood flow from an arteriole into a capillary bed is influenced by metar-
terioles and precapillary sphincters. These alter capillary circulation in response to the
increased oxygen needs of the body cells served by a particular capillary bed.

The walls of the venules are only slightly thicker than those of the capillaries.
These vessels are the éapacitance vessels that function as reservoirs for volume storage.
Veins, which are slightly larger, also serve the same function. The walls of venules and
veins are thin and easily distended allowing them to store large volumes of blood with
minimal changes in pressure. More than one half of the body’s blood supply is normally
contained in these capacitance vessels. These vessels are innervated by sympathetic
nerves, which can respond to stimulation by constriction, thus providing a way of mobil-
izing this blood reserve when the system is stressed.

FUNCTIONS OF THE CARDIOVASCULAR SYSTEM
Transport of oxygen, nutrients, hormenes, and waste products

The primary function of the cardiovascular system is to serve the capillary bed or
microcirculation as a transport system to meet individual tissue needs. Blood delivers
oxygen, glucose, amino acids, fatty acids, hormones, and electrolytes to cells while re-
moving carbon dioxide, urea, lactic apid, and other waste products.

Transport and distribution of heat

The cardiovascular system helps to regulate body temperature by transporting
warmed blood from active tissues, such as exercising muscle, to the skin where some
of the heat is radiated to the environment. Blood flow to active tissues is regulated by
the cardiovascular center in the medulla in response to the temperature-regulating center
in the hypothalamus. The cardiovascular center receives nervous impulses from the
hypothalamus and, in turn, regulates blood flow in the peripheral tissues by causing
alternate vasodilation and constriction of blood vessels in the skin to dissipate the heat.

‘Maintenance of fiuid and electrolyte balance

The cardiovascular system serves as a storage and transport system for body water
and electrolytes. These two substances are delivered to body cells by the interstitial fluid
that is formed by continuous filtration, diffusion, and reabsorption from the blood. In
addition to providing the cells with adequate water and electrolytes, the cardiovascular
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system pumps 1700 L of blood to the kidneys each day. Here the quantity of water and
electrolytes in the body can be adjusted and maintained. The blood itself serves as an
important buffering mechanism to maintain an optimum pH of 7.35 to 7.45. Hemoglobin
and plasma proteins play’ key roles in this buffering mechanism.

REGULATORY MECHANISMS

The human body has multiple cardiovascular regulatory mechanisms that increase
the blood supply to active tissues by increasing the cardiac output. Cardiac output is
regulated by variations in heart rate, stroke volume, and venous return. The remainder
.of this chapter will focus on control mechanisms that influence heart rate, stroke volume,
and venous return.

Mechanisms controliing heart rate

~ Under normal resting conditions the heart beats about 70 times each minute. This
rate of contraction is controlled by the heart’s own intrinsic control mechanism regulated
by the sinoatrial node (SA node), atrioventricular node (AV node), and Purkinje sys-
tem (Chapter 2).

During periods of emotional excitement or muscular exercise, the heart can con-
tract up to 200 times each minute. Normally the heart rate is regulated by the insertion
of the sympathetic and parasympathetic branches of the autonomic nervous system;
sympathetic stimulation increases the heart rate, whereas parasympathetic stimulation
has an inhibiting effect on the heart rate via the vagus nerve.

Cardiovascular reflexes. There are four major reflexes mediated by the auto-
nomic nervous system. These four reflexes, the baroreceptor reflex, the chemorecep-
tor reflex, the Bainbridge reflex, and the respiratory reflex, regulate the heart rate.

The baroreceptor reflex is perhaps the most important reflex controlling heart
rate and blood pressure. The baroreceptors are stretch or pressure receptors located in
the carotid sinus and aortic arch. These receptors are stimulated by the distention or
stretching of the walls of the aorta or carotid artery. When these receptors are stretched
by an increase in blood pressure or blood volume, they increase their firing rate of
nervous impulses over their afferent fibers to the inhibitor portion of the cardiovascular
center in the medulla. From the cardiovascular center in the medulla, efferent impulses
are transmitted over autonomic nerves to the heart and to the peripheral blood vessels,
thereby causing a decrease in heart rate and peripheral vascular resistance (Fig. 1-1).

The range of the baroreceptor response can be illustrated by two examples,
hypertensive crisis and hypovolemic shock. In hypertensive crisis, the baroreceptor re-
sponse to an increase in carotid sinus and aortic pressure is to decrease the sympathetic
nervous discharge to the heart and peripheral blood vessels. At the same time, parasym-
pathetic nervous discharges over the vagal nerves to the SA node are increased. This
combination of reactions slows the heart rate and causes vasodilation; thus blood pres-
sure falls.

During hypovolemic shock, the low mean arterial blood pressure causes fewer
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Fig. 1-1. Location of baroreceptors.

afferent impulses to be conducted to the cardiovascular center in the medulla. Follow-
ing the drop in the rate of transmission of impulses from the baroreceptors, sympathetic
stimulation to the SA node and the peripheral vessels increases. Heart rate, as well as
peripheral vascular resistance, is increased. Both of these reactions serve to increase the
blood pressure and cardiac output for the patient suffering from hypovolemic shock. Ini-
tially these compensatory mechanisms can save a patient’s life until medical and nursing
care are available.

The chemoreceptor reflex produces changes in heart and respiratory rates in
response to changes in partial pressure of oxygen (Pao,), partial pressure of carbon
dioxide (Paco,), and changes in serum hydrogen ion concentration (pH).

Cardiac response to chemoreceptor stimulation can be divided into primary and
secondary reflex mechanisms. At first,.the primary reflex causes bradycardia in re-



