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Preface

The role of the respiratory therapist in health care has changed dramatically over the past
several decades. Originally, “inhalation therapists” were primarily employed by hospitals to
provide expertise in the equipment needed to care for patients with lung disease. If a patient
needed oxygen, the IT would roll an oxygen cylinder into the room, attach a reducing valve,
and apply oxygen per the physician’s order. Inhalation therapists were not expected to
understand the pathophysiology associated with the variety of lung diseases seen in the
hospital. They were not expected to assist the physician in making the diagnosis or apply
therapy with a critical eye to identify the effectiveness of the treatment plan. If complica-
tions occurred, they were not expected to recognize them or implement corrective meas-
ures. Today, however, the respiratory therapist has become an important member of the
medical team. Physicians now depend on RTs to provide a second opinion, monitor the
patient, suggest new therapy as needed, think critically, and give notification when the
patient has taken a turn for the worse. The goal of this book is to help RTs become knowl-
edgeable about the diseases they see in the hospital and other health care facilities and to
better understand how these diseases affect lung function. This knowledge will improve
patient care and provide better job satisfaction for the RT.

This third edition has changed in numerous ways when compared to the second
edition. We have eliminated the neonatal and pediatric diseases because reviewers of the sec-
ond edition indicated that such topics are well covered in pediatric textbooks. This allows us
to focus primarily on adult disorders in this edition. Each chapter has been updated to reflect
the latest research related to incidence and treatment. The number of case studies has been
increased to help the reader better apply important concepts to patient care. Learning tools
have been added to help the student engage with the information. For insurance, chapter
objectives are listed at the start of each chapter to provide the learner with expected learning
outcomes. “Side Bars” have been placed strategically throughout the chapters to emphasize
key points. The side bars represent important issues associated with the surrounding content.
Bulleted chapter summaries have been added at the end of each chapter to provide a concise
overview for those who want a quick review of each topic.

The intended audience of this book continues to be students enrolled in a respiratory
care program. Practitioners in respiratory care, nursing, physician assistants, and junior and
senior medical students will find the content applicable to their discipline when caring for
patients with pulmonary disease. Respiratory care students and practitioners preparing for the
National Board for Respiratory Care exams, especially the clinical simulation examination,
will find this text helpful. As with the clinical simulation examination, the case studies in this
text emphasize patient assessment (information gathering) and treatment (decision making).

Readers of this text should study the background material presented before the
case studies. This material will provide information that is useful for answering the ques-
tions presented in the cases. Next, the reader should read the case study and ponder the
questions presented periodically throughout the case presentation. Readers should attempt
to answer the questions in writing before looking at the provided answers. This exercise
will develop critical thinking skills and will better prepare the reader for clinical practice.

As with any major project, this book would not have been possible without the
assistance of many individuals. Our contributors did a wonderful job of updating the chap-
ters and writing interesting case studies that highlight relevant points associated with each
disease. Their research and writing are the backbone of this text and we are most apprecia-
tive. Our developmental editor, Kelly Trakalo, did an excellent job of making the manuscript

vii



Copyright © 2007 by F. A. Davis.

viii

Preface

consistent from one chapter to the next and helping us prepare a book that students can read
and understand. Our editor, Andy McPhee, engineered the entire project and kept us on task
and focused on our audience. We are grateful to these two key individuals for their profes-
sional work with this educational endeavor.

Finally, we hope readers find this book useful in developing their understanding of
cardiopulmonary diseases and in improving the care of patients with these disorders.
Quality patient care is the ultimate goal of this project, and if this book helps that cause in
any way, we have been successful.

Robert L. Wilkins
James R. Dexter
Philip M. Gold
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Introduction to
Patient Assessment

Robert L. Wilkins, PhD, RRT, FAARC
Philip M. Gold, MD, MACP, FCCP

CHAPTER OBJECTIVES:

After reading this chapter you will be able to state or identify the following:

® The role of the respiratory therapist in patient assessment.

B The most common symptoms associated with cardiopulmonary disease and the
common causes of each.

B The common physical examination procedures performed to evaluate patients with
cardiopulmonary disease and the implications of abnormalities.

m The laboratory tests done to evaluate patients with diseases of the chest and
common causes of abnormalities.

INTRODUCTION

Patient assessment is a vital part of patient care. Whether in the emergency department,
intensive care unit (ICU), or home-care setting, patient assessment skills make the differ-
ence between inadequate and effective patient care. The purpose of this chapter is to pro-
vide the reader with an overview of how patient assessment is done, with an emphasis on
assessment skills for the respiratory therapist (RT). The therapist does not evaluate patients
to make a diagnosis, but assists the physician to determine the appropriate therapy and to
monitor the effects of that therapy. In many cases, modifications in the treatment plan are
based on observations by the RT.

The clinicians who are best at patient assessment are those who are rigorous in
their daily patient care. This entails asking all relevant questions, examining all sides of the
patient’s chest, and reviewing other data such as the chest x-ray. Clinicians who take a
superficial approach to patient assessment are likely to miss important clues to changes in
the patient’s condition and render inappropriate care.

This chapter is divided into three parts. First, the patient interview and the
medical history are reviewed and a brief case study is presented to show how the inter-
view is applied in practice. Second, use of the physical examination is presented; this is
followed by continuation of the case study to illustrate use of the examination. Finally,
use of laboratory data is described, followed by continuation of the illustrative case
study.
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Chapter 1 Introduction to Patient Assessment

THE MEDICAL HISTORY
AND THE INTERVIEW

Most patient evaluations begin with the interview. The interview is done to gather impor-
tant information about what is currently wrong with the patient. It is also useful because it
allows you to establish a rapport with the patient before other procedures such as a physi-
cal examination are done. As an interviewer, you must be knowledgeable about diseases
and typical patterns of diseases in order to ask the most appropriate questions. For this rea-
son, the study of cardiopulmonary diseases, as presented in this text, will make you a better
interviewer. Examples of basic questions to ask your patient, regardless of the symptoms,
include the following:

e When did the problem start?

e Have you ever had this problem before?

e How severe is the problem? How has the severity changed since onset?

e What seemed to provoke the problem, and does anything seem to aggravate it or make it
better?

e What region of the body is affected by the problem? If pain is the symptom, exactly
where is the pain, and does it radiate to any other part of the body?

Answers to these questions will help determine a differ-
ential diagnosis, what further tests may be needed, and
what initial therapy may be appropriate. The length of
the interview is often determined by the severity of the
patient’s illness. Patients who are acutely ill may need
immediate care (e.g., oxygen therapy or metered-dose
inhaler treatment) before you can conduct a lengthy
interview or examination.

RTs are not called on to
perform complete health
histories but must be able to
interview the patient to
assess their symptoms and
the changes that occur with
treatment.

Symptoms

The following are among the most common symptoms that patients with cardiopulmonary
disease experience:

e Shortness of breath (dyspnea)

e Cough

e Sputum production

e Chest pain

e Coughing up bloody sputum (hemoptysis)
o Fever

e Wheeze

Each of these symptoms will be described in detail to give you a better background and
allow you to ask the right questions when your patient mentions these problems during your
interview.

Shortness of Breath
Shortness of breath, as perceived by the patient, is known as dyspnea. It is a common
problem in patients with cardiopulmonary disease. Patients who experience dyspnea are
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often anxious because of the fear associated with feeling short of breath. Dyspnea usually
worsens with exertion (termed exertional dyspnea) and improves with rest. Patients with
minimal cardiopulmonary reserve will be dyspneic even at rest. If the dyspnea occurs only
during exertion, you should identify the level of exertion at which the patient must stop to
catch his breath. Is it after climbing one flight of stairs or after walking a certain distance
on a flat surface? You also can ask the patient to rate his dyspnea on a scale from 1 to 10,
10 being the worst. This type of questioning helps identify the severity of the dyspnea and
the urgency of therapy.

Dyspnea may be more severe in certain posi-
tions. Patients experiencing shortness of breath only in
the reclining (supine) position are said to have orthop-
nea. Orthopnea is most commonly associated with
heart failure and occurs when increased venous return
adds to the pulmonary vascular congestion associated
with congestive heart failure. Platypnea refers to ¢ -
dyspnea in the upright position. This may occur after | increase the drive to
lung surgery to remove a diseased segment or lobe | breathe or reduce the
and is the result of severe ventilation perfusion mis- | Patient's ventilatory
matching. Dyspnea occurring with any change in | €a@pacity (i-e., neuromuscular
position is abnormal and should be reported to the d'seas?) add to the
patient’s attending physician. sensation of dyspnea.

The physiologic mechanisms causing dysp-
nea are not well understood. Most experts believe it
occurs when the patient senses that his work of breathing is excessive for the level of
activity in which he is engaged. Any pathologic lung change (e.g., bronchospasm or lung
consolidation) that increases the work of breathing usually will lead to dyspnea, espe-
cially during exertion. Patients with severe disease, or with an acute problem superim-
posed on a chronic problem (e.g., pneumonia in a patient with chronic obstructive lung
disease), tend to have dyspnea
with very little activity or even
at rest. Abnormalities that stim-  Box 1.1 Causes of Dyspnea
ulate the drive to breathe (e.g.,
metabolic acidosis) also lead to
dyspnea (Box 1.1).

P atients will complain of
dyspnea when they sense
that their work of breathing
is excessive for the level of
activity. Factors that

INCREASES IN THE DRIVE TO BREATHE
* Significant hypoxemia

* Acidosis
* Fever

Cough_ * Exercise

Cough is one of the most fre-

quent symptoms observed in INCREASES IN AIRWAY RESISTANCE
¢ Asthma

patients with cardiopulmonary
disease. It typically occurs when
the cough receptors of the larger
airways are stimulated. These
receptors respond to S“mu'atlon DECREASES IN LUNG OR CHEST WALL COMPLIANCE
from mechanical, chemical, inflam- * Severe pneumonia

matory, and thermal sources. | ° >CVere pulmonary edema

Mechanical stimulation occurs * Adult resPlratory distress syndrome

when foreign bodies touch the :ﬁi;lﬁgzijﬁosis

airway wall. Food, liquid, and o Pneumothorax

suction catheters are examples of * Pulmonary fibrosis

mechanical stimulators of the

® Acute bronchitis
® Croup and epiglottitis
© Chronic obstructive pulmonary disease
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cough receptors. Chemical stimulation of the cough receptors occurs when the patient
inhales an irritating gas, such as cigarette smoke. Infection and inflammation of the larger
airways can irritate the cough receptors and are common causes of coughing. Breathing
extremely cold air can also stimulate the cough receptors. Cough receptors are also located
in the pleural lining of the lung and may be stimulated when pleural inflammation is pres-
ent as in congestive heart failure.

Cough is often associated with airway disease. Common causes of cough include
acute upper respiratory infections, asthma, gastroesophageal reflux, and bronchitis. Other
causes include sinusitis or postnasal drip and reactive airway disease not severe enough to
be classified as asthma.

You should identify the severity of the cough,

when and how often it occurs, and whether it is pro-
(Coughing in chronic ductive. A productive cough can occur with infection
obstructive pulmonary of the airways or pneumonia. A weak cough may indi-
disease (COPD) patients is cate thoracic or abdominal pain or neuromuscular dis-
often weak and ineffective ease. Emphysema patients often have a weak cough
because of high airway because of poor respiratory muscle mechanics, increased
resistance, reduced lung airway resistance, and reduced lung recoil. Patients
recoil, and weakness in the with chronic bronchitis often cough and produce spu-
muscles of breathing. tum for the first hour or two after getting out of bed in

the morning. Heart failure may be associated with a

dry cough.

Sputum Production

Sputum refers to excessive production of secretions from the lung. Sputum is often con-
taminated with oral secretions and may not accurately reflect the microbiology occurring in
the lung. Mucus is normally produced in small amounts in the airways as part of the lungs’
defense against invasion by germs. It is moved to the larynx by cilia (tiny waving fingers on
the cells lining the airways). It is not normally noticed by healthy people.

Noticeable sputum production is a sign of disease of the airways or lungs. The
most common cause of excessive mucus production is cigarette smoking. Cigarette smoke
is irritating to the airways and causes them to produce excessive mucus as a reflex response.
This in turn causes the smoker to cough and produce mucus every day, especially in the
morning. Other causes of increased sputum production include inflammation associated
with asthma and infection associated with pneumonia.

Sputum is described as mucoid when it is clear and thick, fetid when it is foul
smelling, purulent when it contains pus, and copious when it is present in large amounts.
Mucoid sputum is a common finding in airway disease without infection. Bacterial infec-
tions cause the sputum to become purulent and colored, often green or yellow. Some bac-
teria, especially anaerobes, cause fetid sputum. Copious mucus production most often is
seen in patients with bronchiectasis (see Chapter 5).

Ask questions to clarify any recent changes
in the amount and color of the patient’s sputum.

Patients with COPD who Increases in the amount and changes in the color from
have an infection often clear to yellow or green often indicate acute infection.
note a change in sputum Stagnation of the mucus in the airways also will lead to
color, consistency, or discoloration of the sputum. Patients who have trouble
volume with the onset of coughing up excessive mucus tend to retain it longer
the infection. than normal and produce discolored sputum, even

when infection is not present. Patients with asthma and
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extensive inflammation in the airways have so many eosinophils in their sputum that it
appears purulent when no infection is present.

Chest Pain

Chest pain often is divided into two types: pleuritic and nonpleuritic. Pleuritic chest pain is
made worse by breathing, coughing, sneezing, or moving the chest wall. It is usually sharp
in nature. Diseases that affect the lining of the lung (e.g., pleurisy, pneumothorax, pul-
monary embolism, pneumonia) may cause pleuritic chest pain.

Nonpleuritic chest pain is often located centrally in the chest and is usually not
affected by respiratory efforts. It may radiate to the shoulder, arm, jaw, or back and is more
often a dull pressure type of sensation. It is often associated with diseases such as ischemic
heart disease and tends to increase with exertion. Patients with chest pain should be evalu-
ated by a physician especially if heart disease is the likely cause (e.g., patient over the age
of 40 years).

Hemoptysis

Hemoptysis refers to the spitting up of blood from the
tracheobronchial tree or lungs. When hemoptysis is T he patient with

caused by an infectious disease, the blood is often hemoptysis and a

mixed with sputum. The presence of blood-tinged spu- significant smoking history
tum is strong evidence that the blood is coming from must be evaluated for lung
the respiratory tract, rather than the gastrointestinal cancer.

tract. Pneumonia, trauma, bronchitis/bronchiectasis,
bronchogenic carcinoma, tuberculosis, and pulmonary
embolism are common causes of hemoptysis. Even after extensive evaluation, the cause of
massive hemoptysis (more than 200 to 600 mL of blood in 24 hours) is undetermined 20%
to 30% of the time. Chronic hemoptysis that has been occurring over many years is usually
associated with a relatively benign condition, such as bronchiectasis. Acute hemoptysis
also may be harmless when associated with acute bronchitis, but the potentially life-
threatening causes of hemoptysis (e.g., carcinoma) must be ruled out before it is assumed
that the problem is self-limited.

Fever

Fever is an abnormal increase in body temperature caused by disease. It is a nonspecific
response to many problems, but most often occurs in response to an infection. Pulmonary
infections are a common cause of infection-related fever and should always be considered
in the evaluation of fever. Fevers tend to increase in the afternoon and evening and decrease
in the early morning.

Fever causes an increase in oxygen consumption and carbon dioxide produc-
tion. Patients with high fever need to take deeper breaths at a faster rate in order to
accommodate the fever-related increase in metabolism. Some patients report having a
fever when they feel warm even though they have not measured their temperature. This
subjective sensation of feeling warm may simply reflect the temperature of their envi-
ronment. It is important to know whether the report of fever is based on actual temper-
ature measurements.

Common respiratory problems associated with fever include viral infections, bac-
terial bronchitis, bacterial pneumonia, fungal infections, and tuberculosis. The degree of
fever in any illness depends on the severity of the infection and the patient’s ability to
respond to the infection. A patient with a compromised immune system may not generate a
significant fever despite having a severe infection.
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Box 1.2 Outline of the Medical History

@TMmoO®w>

moNw

C.
D.
E.

V. FAMILY HISTORY
A.

B.

C.
VI.  SOCIAL AND ENVIRONMENTAL HISTORY

mo N ®>

[. PATIENT IDENTIFICATION

Name of patient
Address of patient

Age of patient

Date and place of birth
Marital status

Current occupation
Religious preference

[I. CHIEF COMPLAINT(S)
A.

List of patient complaints in the order of
severity

[Il.  HISTORY OF PRESENT ILLNESS

Chronological description of each symptom
including:

A.

When it started and what seemed to
provoke it

Severity

Location on the body
Aggravating/alleviating factors
Frequency (how often it occurs)

IV.  PAST MEDICAL HISTORY

A
B.

Childhood illnesses and development

Hospitalizations, surgeries, injuries, and major

illnesses

Allergies/immunizations

Drugs and medications

Smoking history and attempts at quitting

List of living close relatives and their health
conditions

List of close relatives who are deceased and
the causes of death

Marital history

Education level

Military experience

Occupational history

Hobbies and recreation activities

Current life situation, including stresses
from employment and relationship
problems

Recent travel that might have an impact on
the patient's health

VII. REVIEW OF SYSTEMS

Wheeze

Wheeze is a common complaint in
patients with asthma, congestive
heart failure, and bronchitis. It is
often associated with short-
ness of breath and is caused by
rapid airflow through one or more
narrowed airways. Airway walls
vibrate between a partially open
and closed position as air passes
through at high speed. Wheezing
may be associated with cough,
sputum, and dyspnea when airway
disease is present. More informa-
tion about wheezing is presented
in the Physical Examination sec-
tion of this chapter.

Outline for
the Medical
History

In addition to interviewing the
patient to evaluate the onset and
relief of symptoms, you will need
to examine the patient’s chart to
identify the previously documented
medical history. This requires famil-
iarity with the outline used to docu-
ment the patient’s medical history.
The typical outline and the com-
mon information listed in each cat-
egory are presented in Box 1.2.
The most important
category is the history of present
illness. This section describes
the crucial information that the
physician obtains for each of the
patient’s complaints. All clini-
cians should be familiar with
this section before caring for
any patient. Each symptom is
described as to when it started,
what may have provoked it, how
severe it is, and what seems to
relieve it. The symptoms are
usually arranged in chronologi-

cal perspective, and the effect of the illness on the patient’s life is often also described.
Your responsibility is to read this section before seeing the patient so that you can be apprised
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of the initial symptoms and their severity. Changes in these symptoms may occur with the
therapy you provide, and you will recognize such changes more easily if you are familiar
with the history of the present illness.

In addition to learning the details surrounding each of the patient’s pertinent com-
plaints, the interviewer should ask about the possible presence of other symptoms. This
helps define the problem better, as well as clarify a possible diagnosis. For example, if the
patient comes to the doctor complaining of cough, the interviewer should ask about fever,
sputum production, shortness of breath, hemoptysis, or recent exposure to tuberculosis. If
the patient denies the existence of any of these other symptoms, they become a list of per-
tinent negatives. The list is presented in the history of present illness as “the patient denies
fever, sputum production,” and so on.

HISTORY

Mr. B is a 49-year-old white man who came to the emergency department at 2 a.m.
complaining of chest pain and shortness of breath. The chest pain started about 12
hours previously when Mr. B was mowing the grass. The shortness of breath started
while Mr. B was reclining, which was about 2 hours before he came to the emergency
department.

QUESTIONS ANSWERS

1. What details about the chest Mr. B should be asked where his chest pain is
pain need to be identified? located and to point to the spot. Constant chest

pain under the sternum is consistent with cardiac
ischemia. Chest pain located laterally or posteriorly
is more consistent with pleuritic involvement.
Questions should be asked about the effect of
breathing on the chest pain: Does the chest pain
increase with a deep breath? Does the pain radiate
to other parts of the body? How severe is the pain?
Is it associated with nausea, indigestion, diaphore-
sis, weakness, or faintness?

2. What details about the The severity of the shortness of breath needs to
shortness of breath need to be be clarified. Does it occur at rest or only with exer-
identified? tion? Has Mr. B ever had this shortness of breath

before? Did the dyspnea occur only when he was
supine and, if so, did it improve when he sat
upright?

3. What term is used to describe Dyspnea in the reclining position is known as
dyspnea in a reclining position?  orthopnea.
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4. What other possible symptoms The interviewer should ask Mr. B if he has any other
need to be asked about in order symptoms, such as fever, cough, sputum production,
to define the problem better? hemoptysis, recent exposure to tuberculosis, or

swollen or sore calf muscles. His cholesterol level,
family history of heart disease, stress levels, and
personal history of heart disease should be
evaluated.

5. What social habits need to be Mr. B's cigarette smoking history must be identi-
identified? fied. His symptoms could be consistent with a
myocardial infarction, which occurs more often
among patients with a significant smoking
history.

More on Mr. B

Mr. B explains that the chest pain is centrally located and radiates to his left shoulder and
jaw. The chest pain started when he was pushing a lawn mower. The pain decreased with
rest but did not subside totally. It is not affected by breathing. He has not taken any med-
ication for the chest pain. On a scale from 1 to 10, Mr. B says that at its worst the pain was
a 7. Currently he rates the chest pain as a 3.

The shortness of breath is described as severe; it awakened Mr. B from sleep about
2 hours after going to bed. It improved when he sat upright. He has never experienced
shortness of breath before. He describes it as a feeling of suffocation.

Mr. B denies cough, sputum production, hemoptysis, fever, or exposure to tuberculosis.
He does admit to having some diaphoresis, weakness, and nausea but denies having vom-
ited. He states that he smokes about two packs of cigarettes per day and has been smoking
since the age of 16. He has tried to quit on several occasions but was never successful for
more than 6 weeks.

QUESTIONS ANSWERS

6. What pathology probably is Centrally located chest pain that worsens with
responsible for the chest pain? exertion and radiates to the shoulder is the classic

description of cardiac pain. Mr. B's coronary vessels
are probably narrowed, preventing adequate blood
flow to the heart muscle, resulting in an ischemic
myocardium. Exertion increases the difference
between the amount of oxygen needed by the heart
and the amount that can be supplied by the nar-
rowed coronary arteries. As a result, exertion causes
the chest pain to worsen.

7. What pathology probably is The shortness of breath is probably related to
responsible for the shortness of  buildup of fluid in the lung. Left ventricular failure
breath? causes an increased hydrostatic pressure in the pul-

monary capillaries, which leads to pulmonary
edema. This makes it more difficult for the lung to
expand and increases the work of breathing. In such
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cases, the patient often complains of labored
breathing. Oxygenation of the arterial blood also
will be reduced as a result of the pulmonary edema,
which causes an increase in the drive to breathe via
the carotid bodies and adds to the sensation of
dyspnea. The entire process is worsened when the
patient lies flat in bed. Reclining causes the venous
return to the heart to increase, which in turn
increases the hydrostatic pressure in the pulmonary

capillaries.
8. What problems are decreased in ~ The lack of fever, cough, and sputum helps rule out
likelihood by the list of perti- pneumonia. The lack of leg tenderness, swelling,
nent negatives? hemoptysis, or pleuritic chest pain helps rule out

pulmonary embolism. The acute onset and lack of
exposure help rule out tuberculosis.

9. If Mr. B had a dry, nonproduc- A dry, nonproductive cough is common in heart
tive cough, what pathology failure patients with pleural effusion.
would probably explain it?

10. Should Mr. B be admitted to the  Yes, Mr. B should be admitted to the telemetry ward
hospital? or ICU for close monitoring and treatment.

PHYSICAL EXAMINATION

Once you have established a rapport with the patient during the interview, you and the
patient will usually find the physical examination a more comfortable experience. The phys-
ical examination is done to confirm or rule out certain illnesses suspected based on the
results of the interview. For example, in the case above, it is suspected that Mr. B has
ischemic heart disease and pulmonary edema. The clinician should perform the physical
examination with this tentative diagnosis in mind and seek evidence of heart failure and pul-
monary edema. The physical examination is also done to identify all abnormalities, some of
which may be very important but unrelated to the current problem. RTs most often use the
physical examination to evaluate the patient’s response to therapy. This calls for a brief and
well-focused examination, primarily centered around the cardiopulmonary system. For this
reason, this section will emphasize examination of the cardiopulmonary system.

The physical examination is simple, quick, and inexpensive. In many cases, it
also is sensitive, resulting in the identification of the initial evidence of disease. The exam-
ination may need to be brief when the patient is in serious distress and initial treatment is
needed. A more thorough examination can be done when the patient is stable. A typical
outline for documentation of a complete physical examination is listed in Box 1.3.

Vital Signs and Sensorium

In general, the vital signs provide an index of the patient’ acute condition. Most acute medical
problems will be reflected by abnormal vital signs that become more abnormal as the problem
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Box 1.3 Format for Documenting the Physical
Examination

INITIAL IMPRESSION
Age, height, weight, and general appearance
VITAL SIGNS

Heart rate, respiratory rate, temperature, and
blood pressure

HEAD, EARS, EYES, NOSE, AND THROAT (HEENT)
NECK
Evidence of jugular venous distention; position of
the trachea; any lymphadenopathy
THORAX

Heart: Evidence of heaves or lifts, heart sounds,
and murmurs

Lungs: Lung sounds, breathing pattern, chest con-

figuration, percussion findings, etc.
ABDOMEN
Evidence of distention and hepatomegaly
Degree of obesity
EXTREMITIES

Evidence of cyanosis, clubbing, and pedal edema

increases in severity. Chronic con-
ditions may not result in abnormal
vital signs as compensatory mech-
anisms take effect.

The four basic vital signs
are heart rate, respiratory rate,
blood pressure, and body tempera-
ture. A heart rate greater than
100/minute is known as tachy-
cardia. A heart rate less than
60/minute is known as bradycar-
dia. Common causes of tachycar-
dia and bradycardia are listed in
Box 1.4. The heart rate is deter-
mined by counting the rate of the
peripheral pulse or by using a car-
diac monitor.

A respiratory rate higher
than 20/minute in the adult is
known as tachypnea and is a com-
mon finding in patients with car-
diopulmonary disease. Common
causes of tachypnea are disorders
of the lung that cause a reduction
in lung volume and increased
stiffness of the lung (e.g., restric-

J\cute onset of tachycardia
and tachypnea at rest
suggest the onset of a
significant cardiopulmonary
problem. The patient should
be evaluated by a physician.

Box 1.4 Common Causes of Abnormal Heart Rate

tive defect). This forces the patient to breathe with
smaller tidal volumes and more rapidly in order to
compensate for the shallow breaths. Disorders such as
atelectasis, pulmonary edema, pneumonia, pneu-
mothorax, and pulmonary fibrosis cause loss of lung
volume and result in an increase in respiratory rate.
Other causes of tachypnea include hypoxemia, pain,
anxiety, fever, and exertion.

Bradypnea, a respiratory
rate in the adult of less than
10/minute, is not common but

TACHYCARDIA
* Anxiety
® Stress

* Hypoxemia
® Heart failure
* Fever

BRADYCARDIA
® Hypothermia

® Response to medications, such as bronchodilators

may be seen with hypothermia
and central nervous system (CNS)
disorders. Hypothermia causes a
decrease in the amount of oxygen
consumed and carbon dioxide pro-
duced by the body and results in a
reduced need for breathing. CNS
disorders may interfere with the
brain activity responsible for breath-

® Myocardial infarction with damaged SA node
e Stimulation of the vagus nerve

ing and cause bradypnea or even a
complete lack of breathing, known
as apnea.
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Normal blood pressure is approximately 120/80 mm Hg in the adult patient. A
blood pressure less than 90/60 mm Hg is known as hypotension. Mild levels of hypoten-
sion may be seen in normal persons or healthy athletes. Severe hypotension occurs when
the heart fails as a pump, when peripheral vasculature dilates excessively, or when the cir-
culating blood volume is severely reduced. Severe hypotension is to be avoided at all costs
because it indicates that blood flow to important vascular beds is inadequate.

Hypertension is present when the blood pressure exceeds 140/90 mm Hg.
Hypertension is a common problem in adults. The exact cause is often unknown, but it
leads to numerous health problems including heart failure and stroke. It is treated most
often with medications that reduce the contractility of the heart (negative inotropics) or
medications that dilate peripheral blood vessels.

Normal body temperature is approximately 37°C = 0.5°C (98.6°F = 1°F). Elevation
of body temperature caused by disease is known as fever. Fever is common in patients with
infections, such as respiratory infections from viral, fungal, or bacterial organisms. Fever
causes the metabolic rate of the patient to increase slightly, and this results in an increase in
the oxygen consumption and carbon dioxide production each minute. As a result, a febrile
patient needs to breathe at a slightly faster rate to accommodate the increased metabolic
rate.

A low body temperature is referred to as hypothermia. It is not common but does
occur in patients with head injuries that damage the hypothalamus and in those who have
been exposed to cold temperatures for long periods of time. Near-drowning victims are fre-
quently admitted to the hospital in a hypothermic condition. Some medications make
patients more likely to become hypothermic. Although hypothermic patients need less oxy-
gen to survive, the heart and some other body systems do not function well when body tem-
perature is severely reduced. Blood flow is shunted to vital organs in hypothermic patients,
which is why resuscitation of the hypothermic patient often requires special procedures and
slow warming of the patient.

Sensorium assessment is done by evaluating
the patient’s level of consciousness. It is an important /\n acute decline in
parameter in monitoring the patient with cardiopul- sensorioum requires
monary disease because it reflects the adequacy of immediate investigation.
blood flow and oxygenation of the brain as well as the
net effect of acid-base imbalance, electrolyte imbal-
ance, nutritional deficiency, and failure of other organ systems. The patient who is alert
and oriented as to time, place, and person is said to be “oriented times 3”; that is, the
patient knows the correct date and time, where he is physically located, and who he is.
Confusion with regard to any of these items indicates that the patient is disoriented. As
cerebral function continues to deteriorate, the patient will become semiconscious and
eventually comatose.

Pulse oximetry has become a very popular noninvasive technique for monitoring
the patient with acute cardiopulmonary disease. The popularity of pulse oximetry has
caused some clinicians to refer to it as the “fifth vital sign.” It can be used intermittently
or continuously to monitor the oxygenation status of the patient. The probe is attached to
the patient’s finger or ear lobe and shines an infrared light through the tissues. Red, oxy-
genated blood absorbs infrared light differently in comparison to bluish, deoxygenated
blood. The oximeter reads the amount of light absorption and determines the degree of
oxygenation.

Although pulse oximetry has proved useful in a variety of settings, it does not
evaluate the patient’s ability to ventilate, fails when peripheral circulation is poor, and can
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read falsely high when the hemoglobin is saturated with
A carbon monoxide. For these reasons, pulse oximetry
should not be the only parameter used to evaluate the res-

piratory status of the patient suspected of having circula-
tory problems, ventilatory problems, or carbon monoxide
B /\/\/\ poisoning. Clinical examination and arterial blood gases
(see later discussion) are needed in such cases.
Chest Inspection
c mmm An important parameter to evaluate during chest inspec-
tion is breathing pattern, because it can provide important
FIGURE 1.1 Patterns of breathing.  ¢)yes regarding the underlying lung pathology. Patients
(A) Normal. (B) Prolonged expiratory g S
time. (C) Rapid and shallow. who breathe with a prolonged expiratory phase usually
have narrowed intrathoracic airways. Patients with acute
asthma, bronchitis, or emphysema tend to breathe with a
prolonged expiratory phase when airway obstruction is severe (Fig. 1.1). Patients with a
narrowed upper airway (e.g., epiglottitis) breathe with a prolonged inspiratory phase. The
upper airway tends to narrow more during inspiratory efforts, making gas flow into the lung
more difficult. Patients with restrictive lung disease (i.e., loss of lung volume) breathe with
a rapid and shallow breathing pattern. The greater the loss of lung volume, the faster the
respiratory rate.

Abdominal paradox is an abnormal breathing
pattern seen in patients who have diaphragm fatigue. It
is recognized by observing the abdomen sink inward
with each inspiratory effort. Fatigue of the diaphragm,
which is the major muscle for breathing, occurs when
it has been overworked and underfed. These circum-
stances are common in patients with acute exacerba-
tions of COPD. The abdomen sinks inward with each
breath because the negative intrathoracic pressure created by the accessory respiratory
muscles causes the diaphragm and abdomen contents to be pulled upward into the chest
during inspiration. This, in turn, causes the flaccid abdomen to sink inward during each res-
piratory inspiration.

Inspection of the chest includes notation of the degree of symmetrical chest
expansion. Normally, both sides of the chest expand evenly with each inspiratory effort.
Unilateral chest diseases, such as pneumonia or pneumothorax, may result in better expan-
sion of the healthy side of the chest compared to the diseased side. The diseased side is said
to “lag behind” the normal side.

Inspection of the chest wall for possible deformities is important. Abnormal
curvature of the spine can cause poor lung expansion and significant restrictive lung
disease. Lateral curvature of the spine is termed scoliosis, and anteroposterior curva-
ture of the spine is termed kyphosis. The term kyphoscoliosis is used when both are
present. Older patients with emphysema and osteoporosis develop kyphosis. A prema-
ture anteroposterior increase in the diameter of the chest (referred to as barrel chest)
often develops in the adult COPD patient (Fig. 1.2).

barrel chest indicates that Barrel chest occurs when the lung loses its elastic
the patient has emphysema recoil and can no longer appropriately oppose the
and a significant air trapping. outward spring of the ribs. Other chest deformities
to inspect for include pectus excavatum (abnormal

Patients with atelectasis
assume a rapid and shallow
breathing pattern with a rate
that is proportional to the
degree of atelectasis.
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FIGURE 1.2 (A) Normal chest configuration vs. (B)
increased AP diameter consistent with a barrel chest. Note
the hypertrophy of the accessory muscles in B.

permanent depression of the sternum) and pectus carinatum (abnormal prominence of
the sternum).

Palpation and Percussion of the Chest

Palpation of the chest wall is done in certain circumstances to evaluate lung disorders.
Palpation of the chest wall for tactile fremitus can be helpful in detecting significant
changes in the pathology of the lung. The patient is asked to repeat the phrase “1-2-3” or
“99” while the examiner palpates the chest wall comparing side to side. Diseases of the
lung that cause it to become more dense (e.g., pneumonia) cause an increase in tactile
fremitus over the affected area. The vibrations created by the patient’s larynx travel more
rapidly through consolidated lung tissue and result in a noticeable increase in fremitus.
Diseases that cause the lung to become less dense (e.g., emphysema, pneumothorax) cause
a decrease in tactile fremitus, as will interposition of fluid (pleural effusion) or air (pneu-
mothorax) between the lung and chest wall.

The chest wall is also palpated to detect evidence of air leakage into the skin
around the chest in certain circumstances. Air may leak into the surrounding tissues when
chest trauma has occurred or when the patient has been mechanically ventilated with high
pressure. Air leakage into the chest wall results in subcutaneous emphysema; this is
detected by palpating the chest wall for areas that produce a distinctive crackling sound and
sensation known as crepitations.

Tapping on the chest wall for the purpose of evaluating underlying lung pathology
is known as chest percussion. Chest percussion is done when major changes in the density
of the lung are suspected based on the history and previous physical examination findings.
Normal lung tissue is air filled and produces a resonant sound in response to percussion.
Diseases that produce increased lung density, such as pneumonia, result in decreased reso-
nance upon percussion. This also is present with pleural effusion. Air trapped in the pleural
space and emphysema cause increased resonance upon percussion. Chest percussion for
evaluation of changes in lung pathology is not done routinely by health-care providers but
can be very useful in some circumstances.
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Bell
Earpieces

Diaphragm

Chestpiece

FIGURE 1.3 Diagram of a stethoscope used to auscultate the heart and
lungs.

Chest Auscultation

The majority of health-care providers routinely listen to the chest to evaluate the sounds of
breathing. Chest auscultation provides immediate information about the patency of the air-
ways and condition of the lung parenchyma. It is inexpensive and reliable and is done with
a stethoscope (Fig. 1.3). To detect unilateral changes in lung pathology, the clinician com-
pares the sounds of breathing on one side to those at the same location on the opposite side
(Fig. 1.4).

Breath sounds are the normal sounds of breathing. There are three different types
of breath sounds: tracheal (or bronchial), bronchovesicular, and vesicular. Tracheal, or
bronchial, breath sounds are heard directly over the trachea and are loud and high pitched.
They have a relatively equal inspiratory and expiratory phase and are produced by the tur-
bulent flow in the trachea and main bronchi (Fig. 1.5).

Bronchovesicular breath sounds are heard around the sternum on the anterior
chest wall and between the scapulae on the posterior chest wall. They are softer in intensity
and their pitch is reduced when compared to tracheal or bronchial breath sounds. The expi-
ratory phase is not quite equal to the inspiratory phase. These sounds are also produced by
turbulent flow in the larger airways, but they are not as loud or high pitched as tracheal or
bronchial breath sounds because they are filtered by healthy lung tissue, which lies between
the area of sound production and the surface of the chest wall.

Vesicular breath sounds are heard over the areas of the chest wall overlying lung
parenchyma. These sounds are very soft and primarily heard on inspiration. Their expira-
tory component is normally minimal and heard only during the initial one-fourth of the
expiratory phase. Vesicular breath sounds are lower pitched than tracheal breath sounds and
are also produced by turbulent flow in the larger airways. Vesicular breath sounds are
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significantly softer and lower pitched because they represent the turbulent flow sounds
heard after they have passed through normal lung tissue. Normal lung tissue attenuates
sound traveling through it and changes normal bronchial breath sounds to normal vesicular
breath sounds. Changes in lung-tissue density resulting from disease (e.g., pneumonia)
cause the normal attenuation characteristics of the lung to be altered.

Lung diseases that cause the parenchyma to become denser result in less attenua-
tion of the turbulent flow sounds of the larger airways as they pass through the lung. This
causes the normal vesicular breath sounds to be replaced with a harsher version that is
louder and more bronchial in character. Peripheral atelectasis, pulmonary fibrosis, and
pneumonia are examples of lung disorders that can cause harsh breath sounds called
bronchial breath sounds over the affected region.

Disorders of the lung that result in a loss of
lung tissue density, such as emphysema, result in
excessive attenuation of the turbulent flow sounds of
the larger airways. This causes the normal breath
sounds to be replaced by diminished breath sounds
that are much harder to hear. Diseases of the chest wall
can also cause diminished or absent breath sounds
when excessive fluid or air build up in the pleural
space, resulting in an acoustical sound barrier that prevents the transmission of normal
breath sounds through the chest wall. Finally, diminished breath sounds can be present when
the patient’s breathing is excessively shallow. This is common in cases of drug overdose,
which suppress the patient’s drive to breathe.

Chest auscultation may reveal adventitious lung sounds, which are abnormal
noises superimposed on the breath sounds. There are two basic types of adventitious lung
sounds: continuous and discontinuous (Fig. 1.6). This categorization is based on acoustical
recordings of the sounds. Study of these recordings reveals that the continuous type has a
consistent sound pattern for at least one tenth of a second, whereas the discontinuous type
has no such pattern.

7 he normal lung attenuates
sounds as it passes through.
This causes the sound waves
to be lower in pitch and
intensity.

The continuous type of
adventitious lung sounds often
have a musical quality and are
associated with narrowed intra-

thoracic airways. Rapid airflow
through a site of obstruction is
believed to cause the airway wall
to flutter rapidly between a par-

tially open and closed position.
Time 0.1sec  Thisrapid fluttering causes a con-
tinuous type of whistling sound,
known as a wheeze. Wheezes are
most often heard during exhala-
tion because this is when the
intrathoracic airways naturally
narrow.

>
Amplitude

Amplitude

Wheezing produced by
Time 0.1sec  Multiple airways fluttering, which

) ) o produces numerous musical notes
FIGURE 1.6 Time-expanded wave-form anaylsis of (A) discontinuous that beqi d d simult
adventitious lung sound (wheeze) (B) continuous adventitious lung a e_gm and end simu an?'
sound (crackles). ously, is known as polyphonic
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wheezing. Wheezing resulting from one airway’s becoming partially obstructed produces a
single note and is known as a monophonic wheeze. Some clinicians refer to low-pitched
wheezes as rhonchi.

Partial upper airway obstruction can cause a wheezing type of sound to come
from the neck. This sound is most often heard during inspiration and is referred to as
stridor. Stridor is a serious abnormality, since it signifies that the major airway into the
lung is compromised; patients with stridor must be carefully monitored and treated. Not
all patients with upper airway compromise present with stridor. In patients with partial
upper airway obstruction, fatigue or the use of sedatives, or both, reduce the degree of
air movement past the site of obstruction and cause the absence of stridor. Clinicians
should never assume the upper airway is patent simply because the patient lacks noisy
breathing.

Discontinuous adventitious lung sounds are
termed crackles. Crackles are believed to be pro-
duced by two mechanisms: (1) sudden opening of
small airways and (2) movement of excessive airway
secretions with breathing. Sudden opening of small
airways occurs when a patient with collapsed small
airways inhales deeply enough to overcome the sur-
face tension of fluid, causing the airways to stay col-
lapsed. Such crackles are typically heard late in
inspiration and occur most often in patients with congestive heart failure and in the
lower lung fields of bedridden patients. Crackles from the movement of excessive air-
way secretions are lower pitched (coarse) and occur during inhalation and exhalation.
They may clear with a strong cough or if the airway is aspirated with a suction catheter
(Table 1.1).

T he majority of adventitious
lung sounds are crackles or
wheezes. Late-inspiratory
crackles indicate restrictive
lung disease, while
expiratory wheezes suggest
obstructive lung disease.

Examination of Other Parts of the Body

Inspect the patient’s neck for evidence of jugular venous distention (JVVD) when you sus-
pect right heart failure. Failure of the right ventricle can occur with chronic lung disease or
when chronic left heart failure is severe enough to affect the right heart. Failure of the right
ventricle leads to backup of blood into the jugular vein, causing it to distend. Before
examining the patient for JVD, you should ensure that the head of the patient’s bed is
elevated to a 45 degree angle each time the JVD is assessed. This assures a consistent

Table 1.1 Interpreting Abnormal Lung Sounds

Name of Sound Mechanism Characteristics
Bronchial BS Increased sound transmission Equal inspiratory and
expiratory components

Diminished BS Decreased sound transmission Soft and low pitched
Wheezes Airflow through narrowed airway Musical, with a continuous pattern
Crackles Sudden opening of closed airways Fine, late-inspiratory

or movement of airway Coarse, inspiratory and expiratory

secretions
Stridor Upper airway narrowing Often high pitched

BS = breath sounds.
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gravitational effect on the blood returning to the heart. The level of elevation should be
recorded if it is different than the standard 45 degree angle.

The area of the chest overlying the heart is known as the precordium. You should
inspect and palpate this area for abnormal pulsations when cardiac abnormalities are sus-
pected. Enlargement of the right ventricle usually results in an abnormal pulsation around
the sternum, known as a right ventricular heave, which occurs with each systolic heart
beat. Left ventricular enlargement causes an abnormal heave in the left anterior axillary
region.

To identify the heart sounds, you auscultate

A gallop rhythm is over the precordium. Normally the heart sounds are
associated with congestive soft and maintain a consistent “lub-dub” rhythm.
heart failure in patients over The first heart sound (S1) is produced by closure of
age 45 years. the mitral and tricuspid valves during systole,

whereas the second heart sound (S2) is produced by

closure of the aortic and pulmonary valves during
diastole. The heart sounds may take on a “galloping” rhythm when added sounds are
produced by abnormal cardiac pathology. For example, when the left ventricle becomes
stiff after a myocardial infarction, an additional sound may be produced by the sudden
filling of the ventricle with blood from the atrium during diastole. This added sound
causes an additional heart sound, known as an S; gallop.

Murmurs are adventitious heart sounds that may also be heard during ausculta-
tion over the heart. They are caused by turbulent blood flow through a narrow opening. For
example, when one of the heart valves becomes stenotic, rapid blood flow through the con-
striction causes an abnormal sound similar to a low-pitched blowing sound. Murmurs are
typically described by their location and position in the cardiac cycle and rated on a scale
from 1 to 6, according to their loudness.

Examine the extremities for possible digital clubbing and for their color and
temperature. Digital clubbing is a nonspecific sign that occurs in a variety of chronic
cardiopulmonary diseases such as COPD and lung cancer. You will recognize it by
inspecting the fingers and toes for enlargement of soft tissue at the base of the nails and
by examining the nails for abnormal lateral and longitudinal curvature (Fig. 1.7). A
bluish discoloration of the skin caused by poorly oxygenated blood is known as

FIGURE 1.7 Example of digital clubbing. h-



Copyright © 2007 by F. A. Davis.

Physical Examination 19

cyanosis. Peripheral cyanosis indicates suboptimal circulation or oxygenation or both.
Extremities that are cyanotic as a result of poor circulation are usually also cool to the
touch.

Inspect and palpate the abdomen for evidence of distention. Abdominal distention
can limit function of the diaphragm and further increase the severity of respiratory failure
in the patient with a compromised respiratory condition. An enlarged liver, known as
hepatomegaly, is often present in the patient with right ventricular failure. Right heart fail-
ure occurs as a result of chronic left heart failure or when cor pulmonale is present as a
result of chronic lung disease.

Inspect the mouth for evidence of cyanosis. A cyanotic oral mucosa indicates the
presence of central cyanosis. This is a sign of severe hypoxemia and indicates that the res-
piratory system is not fulfilling its obligations to the body. The presence of central cyanosis
strongly suggests that the patient needs oxygen therapy and that you should investigate the
respiratory system further.

Examination of the mouth may also reveal pursed-lip breathing. This breathing
technique is naturally adopted by COPD patients as they attempt to maintain patency of
distal airways during exhalation. COPD patients often have difficulty exhaling fully
because of premature collapse of distal airways. Pursed-lip breathing helps these patients
exhale more fully and maintain better gas exchange.

PHYSICAL EXAMINATION

e Vital Signs (in the emergency department). Heart rate 112/minute, respiratory rate
28/minute, blood pressure 90/66 mm Hg, and temperature 36.7°C (98.0°F); alert but
disoriented

e HEENT. Normal
e Neck. JVD noted at mid neck with the head of the bed at 45 degree angle

e Chest. A heave is noted at the left anterior axillary line; S; gallop rhythm noted on
auscultation; no murmurs heard

® Lungs. Fine, late-inspiratory crackles are noted in the bases bilaterally; respiratory rate
rapid and shallow

e Extremities. Digits mildly cyanotic and cool to the touch

QUESTIONS ANSWERS

11. How would you interpret the The heart rate and respiratory rate are increased.
vital signs and sensorium? What ~ Blood pressure is reduced, while body temperature
could be the cause of the blood s essentially normal. The reduced sensorium sug-
pressure finding? gests that the brain may not be getting adequate

blood flow and may not be well oxygenated. The
low blood pressure is probably the result of poor
pumping ability of the heart because of acute
ischemia.
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12. What pathophysiology explains
the JVD?

13. What pathophysiology explains
the heave at the left anterior
axillary line and the gallop
rhythm?

14. Why does this patient have fine,
late-inspiratory crackles in the
bases?

15. What probably explains Mr. B's
cool and cyanotic extremities?

The JVD is probably related to left heart failure. As the
left ventricle fails to pump blood forward into the
aorta, the blood backs up into the lungs. This puts a
heavy load on the right heart, which also fails and
causes the blood to back up and distend the jugular
veins.

The heave at the left anterior axillary line is caused
by left ventricular distention. The gallop rhythm is
the result of a stiffened left ventricular wall follow-
ing the myocardial injury. This stiff left ventricle
causes turbulence and an added heart sound as
blood from the left atrium fills the ventricle. The
sudden deceleration of blood entering the left
ventricle produces a third sound in a rhythm similar
to a horse's gallop.

The fine, late-inspiratory crackles in the lung bases
are due to the accumulation of pulmonary edema
fluid in the small airways. Left heart failure
increases the blood pressure in the capillaries,
causing fluid to leak into the interstitial space and
from there into the small airways. The airways
collapse on exhalation and are stuck shut by the
surface tension of the fluid within them.
Subsequent inspiration will cause these collapsed
units to pop open, making characteristic crackling
sounds.

Mr. B's cool and cyanotic extremities are probably
related to poor cardiac output. Poor perfusion of
the extremities causes them to become cool to the
touch, and the cyanosis is related to the presence
of deoxygenated hemoglobin.

INTERPRETATION OF CLINICAL

LAB DATA

Laboratory data are used for general evaluation of the patient, to diagnose specific prob-
lems, and to determine the effectiveness of therapy. This section focuses on those tests that
are most frequently ordered for patients with cardiopulmonary disease.

Common Blood and Fluid Tests

The most common laboratory test is the complete blood count (CBC). The CBC measures
the number and type of circulating white blood cells (WBCs) and the number and size of
red blood cells (RBCs). The WBCs primarily fight invading organisms, such as bacteria, in
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Table 1.2 Interpretation of the White Blood Cell Count Differential

Cell Type Normal Values Cause of Increase Description
Neutrophil 40%-60% Acute illness/stress Neutrophilia
Lymphocyte 20%-40% Viral infections Lymphocytosis
Eosinophil 0%-6% Allergic reaction Eosinophilia
Monocyte 2%-10% Chronic infection, malignancies Monocytosis
Basophil 0%-19% Bone marrow disease Basophilia

a process known as phagocytosis. Elevation of the WBC count is known as leukocytosis
and is a common finding in patients with pneumonia and other infections. Leukocytosis
occurs when the bone marrow releases larger numbers of stored white cells in response to
infection or acute stress (e.g., trauma).

A decrease in the WBC count is termed leukopenia and is less common than
leukocytosis. It is seen in cases of bone marrow disease and overwhelming infection, espe-
cially in elderly patients or those with a compromised immune system. Leukopenia is an
ominous sign in the patient with severe pneumonia and indicates that the body cannot
respond adequately to the infection and the patient is at high risk for death.

The WBC count represents the total number
of circulating WBCs per cubic millimeter. Five differ- S ignificant elevation of the
ent cells make up the WBCs (Table 1.2). Neutrophils WBC count is usually the
are the most common type of WBC and are primarily result of neutrophilia or
responsible for fighting bacterial organisms. Two lymphocytosis, as these two
types of neutrophils are counted: the segmented neu- cells account for about 90%
trophils (segs) and the immature segs (bands). Segs | of the circulating WBCs.
are the first line of defense against infection, but when
they cannot be produced rapidly enough, bands are
called into action. Bands are stored in the bone marrow and are released in larger num-
bers when acute bacterial infection is present. Thus, the presence of a high number of
bands usually means an acute bacterial infection is present. Lymphocytes, another com-
mon type of WBC, are mostly responsible for fighting viral infections. Eosinophils help
the body deal with allergic reactions; thus, an elevation in eosinophils often indicates the
presence of an allergic stimulus. Most mature eosinophils (99%) are located in the tis-
sues of the lung, G.1. tract, or skin. See Appendix A for tables on normal values for lab-
oratory tests.

The RBC count helps determine the ability of the blood to carry oxygen. A low
RBC count is termed anemia, whereas a high RBC count is called polycythemia. Anemia
is common after surgery or hemorrhage and it decreases the oxygen-carrying capacity of
the blood. Secondary polycythemia is seen most often in cases of chronically low blood
oxygen levels owing either to lung disease, cyanotic congenital heart disease, or living at
high altitudes. Chronically low oxygen levels stimulate the bone marrow to produce more
RBCs to compensate for low oxygen availability. This allows an increased quantity of oxy-
gen to be carried in the blood despite a reduced partial pressure of oxygen.

In addition to the total RBC count, the amount of hemoglobin per 100 mL of
blood is reported. In cases of microcytic, hypochromic anemia, the total number of circu-
lating RBCs is normal, but their size is small and the amount of hemoglobin is reduced.
This disorder is common among patients with iron-deficient diets or chronic blood loss.
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Serum electrolytes are also frequently measured as a routine test for patients with
cardiopulmonary disease. Most often, the serum sodium (Na™*), potassium (K*), chloride
(CI7), and total (HCO; ") are evaluated. Normal values are listed for these tests in Appendix A.
Electrolyte abnormalities are associated with a large number of diseases; they can also occur
as a complication of certain medications. In most cases, electrolytes are measured not to
confirm suspicion of a specific disease, but to evaluate the general health condition of the
patient and potential side effects of therapy. For example, the patient with heart failure may
have a reduced serum sodium (hyponatremia) as a result of retaining too much water and a
reduced serum potassium (hypokalemia) as a side effect of diuretic therapy. If either abnor-
mality is present, the heart may pump suboptimally until the problem is corrected.

The clinical laboratory department has a microbiology section that evaluates the
type of organisms present in body fluids. An example would be the patient with pneumonia
who produces a sputum sample for laboratory evaluation. The laboratory technician
attempts to identify the type of organisms present in the lung sputum. This can be very
helpful for selecting an appropriate course of antibiotics. The Gram stain is used to initially
evaluate sputum, and it is usually followed by a bacterial culture.

The Gram stain helps identify whether the

Sputum samples that sample consists of sputum from the lung or just secre-
contain numerous epithelial tions from the mouth. True sputum from the infected
cells have been airways has few epithelial cells and numerous pus
contaminated with saliva cells. Once the sample has been found to represent
from the mouth and should lower airway secretions, a portion of the sample is
be discarded. placed in an appropriate nutrient container and

warmed to promote growth. In about 48 to 72 hours,

the sample will reveal the identity of the organisms
present in the specimen and the antibiotics to which they are most sensitive.

Cardiac enzymes are measured in patients suspected of having a myocardial
infarction. Acute injury to the myocardium causes the heart muscle cells to release exces-
sive amounts of enzymes into the circulating blood. For example, creatine phosphokinase
(CPK) and troponin enzymes are usually elevated within hours of a heart attack. If the chest
pain is not due to ischemia of the heart muscle, the enzymes will not be released into the
blood. Other laboratory tests performed periodically in the patient with cardiopulmonary
disease are listed in Table 1.3.

Arterial Blood Gases

Another common test done to evaluate patients with cardiopulmonary disease is the arte-
rial blood gas (ABG). This test measures the ability of the lungs to oxygenate the blood and
remove carbon dioxide from it. When the lungs are working well, the arterial oxygen ten-
sion (Pao,) will be 90 to 100 mm Hg. Hypoxemia is present when the blood oxygen level
is below normal. Mild hypoxemia is present when the Pao, is below normal for the age of
the patient but above 59 mm Hg. Moderate hypoxemia is present when the Pao, is 40 to 59
mm Hg, and severe hypoxemia is defined as a Pao, of less than 40 mm Hg.

The normal carbon dioxide level is about 35 to 45 mm Hg. Elevation of the Paco,
above 45 mm Hg is termed hypercapnia (or hypercarbia). It indicates that the degree of
ventilation is inadequate to keep up with the rate of carbon dioxide production.
Hypercarbia is common with hypoventilation caused by drug overdose, severe airways
obstruction, and neuromuscular disease.

Hypocapnia (or hypocarbia) is present when the arterial tension of carbon diox-
ide (Paco,) is less than 35 mm Hg. This indicates that the rate of ventilation is excessive for
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Table 1.3 Other Laboratory Tests
Test Name Purpose Implications of Results
Platelet count Assess blood clotting ability Reduced with bone marrow dysfunction
and chemotherapy
Sweat chloride Assess excretory function 60-80 mEq/liter consistent with
of sweat glands cystic fibrosis
Blood glucose Measure blood sugar Increased with diabetes; decreased with

inadequate food intake or
excessive use of insulin

BUN Measure BUN level Increased with renal disease and
heart failure severe enough
to cause renal dysfunction

Creatinine Assess renal function Increased with renal failure;
more specific test
Serum protein/ Assess protein synthesis Decreased with liver disease
albumin and malnutrition; decreased

serum albumin may contribute
to pulmonary edema

PTT Test blood clotting ability Lengthened with heparin therapy,
coagulation disorders
PT Test blood clotting ability Lengthened with warfarin, but not
heparin therapy, severe liver disease
INR Test blood clotting ability More accurate calculation of the PT
Urinalysis Assess urine for:
WBCs Many WBCs indicate infection
RBCs Many RBCs indicate kidney
inflammation or infection
Protein Protein indicates renal disease
Glucose Presence of sugar may indicate diabetes

BUN = blood urea nitrogen; INR = international normalized ratio; PT = prothrombin time; PTT = partial
thromboplastin time; RBCs = red blood cells; WBCs = white blood cells

the rate of carbon dioxide production. It is common with acute pain, anxiety, pregnancy,
metabolic acidosis, sepsis, severe liver disease, and CNS disorders.

ABG measurements also evaluate the acid-base status of the patient. Normal arterial
blood pH is 7.35 to 7.45. A pH of less than 7.35 is termed acidosis (or acidemia) and is caused
by elevation of the arterial blood CO, (respiratory acidosis) or by reduction in blood bicar-
bonate (metabolic acidosis). Respiratory acidosis, also called ventilatory failure, is caused by
failure of the lungs to provide adequate gas exchange between the blood and the environment.
Disorders that result in neuromuscular weakness or obstruct the airways commonly cause
ventilatory failure (Table 1.4). Reduction in blood bicarbonate occurs in conditions such as
diarrhea, toxicity by some poisons, diabetes, renal fail-
ure, and anaerobic metabolism. [\/] etabolic acidosis is a

An arterial blood pH of greater than 7.45 is potent stimulus to the
termed alkalosis (or alkalemia) and occurs with respiratory center and causes
hyperventilation, which causes a reduction of Paco, hyperventilation that is
(respiratory alkalosis), and with elevation of arterial proportional to the degree of
blood bicarbonate (metabolic alkalosis). Respiratory | acidosis.
alkalosis is frequently caused by anxiety, pain, acidosis,




Copyright © 2007 by F. A. Davis.

24

Chapter 1 Introduction to Patient Assessment

Table 1.4 Common Causes of Respiratory Acidosis

Category of Problem Clinical Examples

Decreased drive to breathe Drug overdose; head trauma

Neuromuscular defect Guillain-Barré syndrome, myasthenia gravis, muscular
dystrophy, cervical neck injury

Thoracic cage defect Kyphoscoliosis, chest trauma/flail chest

Airway obstruction Asthma, chronic obstructive pulmonary disease, epiglottitis

or hypoxemia. Metabolic alkalosis can occur with a loss of acid (e.g., nasogastric suctioning,
vomiting).

Pulmonary Function Tests

Pulmonary function tests are done to evaluate lung volumes and airway patency. The
vital capacity is a measure of all usable lung volume. The patient inhales maximally and
then exhales maximally into the spirometer; the amount of gas fully exhaled after a max-
imum inhalation is the vital capacity. Reductions in the vital capacity can be due to low
lung volumes (restrictive disease) or narrowed airways with air trapping (obstructive
disease).

The most common measures of airway patency are the forced expiratory volume in
1 second (FEV,) and the forced expiratory flow during the middle half of the forced vital
capacity (FEF,sy,_755,)- These measures of flow help determine whether obstructive lung dis-
ease is present. An FEV, of less than 80% of predicted is abnormally low, and an FEF 550, 750,
of less than 60% of predicted is abnormally low. Low FEV; and FEF,s,_;s0, In the presence
of a normal forced vital capacity document airway obstruction. Low FEV; and FEF sy 75,
with a reduced vital capacity could be caused by either restrictive lung disease or by obstruc-
tive lung disease with air trapping. Further testing with a body box or helium dilution would
be necessary to determine the exact cause. A bronchodilator is usually given to the patient
with reduced flow measurements to see if it has a therapeutic effect. If the flow measure-
ments increase significantly (i.e., by greater than 12%) after bronchodilator therapy, the
patient is said to have improved with bronchodilation. Many patients benefit from a bron-
chodilator even if it does not produce a change in the above values: A positive response to a
bronchodilator means the therapy is definitely helpful and the patient will also likely respond
to steroid treatment. This is most often seen in patients with asthma and COPD.

Chest Radiography

Chest radiographs (x-rays) provide a view of the patient’s internal thoracic anatomy as
shadows of different shades of gray cast upon the x-ray image. Diseases of the chest that
alter lung pathology are visible on chest x-rays, as they change the density of usual struc-
tures. The chest x-ray is also useful for identifying the position of tubes and catheters. For
example, after intubation of the trachea, a chest x-ray is useful for determining whether the
tube is in the correct position. The tip of the endotracheal tube is properly positioned if it is
found to be 3 to 5 cm above the carina on the chest x-ray. Insertion of the endotracheal tube
too far usually results in its passing into the right mainstem bronchus (Fig. 1.8). If the tube
is not inserted into the trachea far enough, the tip will be seen near the larynx, where it is
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FIGURE 1.8 Chest radiograph showing endotracheal tube in the right
mainstem bronchus.

prone to accidental extubation (Fig. 1.9). After placement of a chest tube to drain fluid out
of the pleural cavity, a chest x-ray is used to see if the tube is in good position and if the
lung has reexpanded. A chest x-ray following placement of a nasogastric tube is sometimes
needed to ensure proper placement in the stomach (Fig. 1.10).

Interpreting chest x-rays requires many hours of supervised practice and cannot
be taught in a book chapter. A few general guidelines, however, are presented in this sec-
tion to help get you started. X-ray beams pass through the patient’s chest and put different
shades of gray shadows on the film according to the density of the tissue through which
the beam passes. Four different densities can be detected by examining the shadows on a
chest x-ray: bone, water, fat, and air. For example, x-rays passing through bony structures
are absorbed by the dense material and leave a whitish shadow on the corresponding por-
tion of the chest x-ray (radiopaque). Conversely, x-rays that pass through lung tissue (air)
are not blocked and burn the corresponding portion of the chest x-ray black (radiolucent).
Inspection of the shadows seen on the chest x-ray allows identification of the changes in
chest anatomy that may be present with disease. A normal chest x-ray with the more promi-
nent anatomical structures labeled is presented in Figure 1.11.

Diseases of the chest that cause the lung tissue to become more dense, such as
pneumonia, cause the affected region to absorb more than a normal amount of the chest
x-rays and leave a white shadow on the x-ray. Lung tumors also cause the corresponding
portion of the chest x-ray to have a white shadow instead of the expected dark shadow seen
in normal lung tissue.
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FIGURE 1.9 Chest radiograph showing endotracheal tube positioned
too high in the trachea.

FIGURE 1.10 Chest radiograph showing the endotracheal tube in good position but the
nasogastric tube accidentally placed in the right lung.
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FIGURE 1.11 (A) Normal chest radiograph with normal structures labeled T = tracheal air shadow, R = ribs,
C = clavicle, H = heart shadow, and D = diaphragm. (B) Normal lateral chest film.

Decreases in lung tissue density cause the chest x-ray to be abnormally dark in the
corresponding regions. Emphysema and pneumothorax are examples of lung conditions
that cause darker shadows on the chest x-ray. Examples of abnormal chest x-rays are pre-
sented throughout this text to help you learn the skill of interpreting x-rays.

The size of the heart is evaluated by examin-
ing the width of the cardiac shadow on the chest x-ray. ulmonary edema is seen on
Normally the heart shadow is less than half the width | the chest x-ray as diffuse,
of the entire chest. Cardiomegaly causes the heart | pjjateral fluffy infiltrates,
shadow to enlarge until it is larger than half the width
of the chest on the chest x-ray. Cardiomegaly is most
often seen in patients with left ventricular hypertrophy
caused by ischemic heart disease.

Computerized tomography (CT) is a specialized radiographic imaging procedure
that provides more-detailed images of internal organs and possible pathology. While the
conventional chest x-ray provides a two-dimensional image, CT provides a cross-sectional
view (like slices) of the lungs and any abnormalities such as lung tumors. CT images are
excellent for measuring the precise size and location of lung tumors. High-resolution CT
provides even sharper images of the lung and is most useful for diagnosing interstitial lung
disease.

usually with an enlarged
heart.

Electrocardiography

The electrocardiogram (ECG) is a recording of electrical activity in the heart. It clearly
shows cardiac rate and rhythm and gives some information about the status of the electri-
cal conducting system in the heart, as well as the status of the heart muscle. It does not,
however, reflect the pumping ability of the heart or predict the likelihood of myocardial
infarction when done at rest.
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FIGURE 1.12 Normal ECG showing normal P, QRS, and T waves.
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The SA node in the right atrium starts the heartbeat with an electrical impulse that
causes the right and left atria to depolarize (P wave) and pump blood into the ventricles.
Next, the impulse travels through the atrioventricular node to the ventricles, where it causes
the ventricular muscles to depolarize (QRS wave), pumping blood into the arterial systems
(Fig. 1.12). The muscle then returns to ready condition by repolarizing (T wave) in prepa-
ration for the next beat.

P waves are normally small, but may become larger if the atria hypertrophy.
The QRS complex is divided into three waves. The Q wave is the first downward deflec-
tion of the QRS complex. It may not be present in some ECG recordings. The R wave is
any upward movement following the Q wave, and the S wave is any subsequent down-
ward deflection. The QRS complex is referred to as such even if not all three waves are
present.

The normal ECG demonstrates an interval between the start of the P wave and the
start of the QRS complex (known as the PR interval) of no longer than 0.20 seconds (five
small boxes on the ECG grid), a QRS complex no wider than 0.12 seconds, and a flat
(isoelectric) ST segment. A PR interval of longer than 0.20 seconds is known as heart
block. A widened QRS interval is a sign of an internal conduction defect within the ventri-
cles, and an elevated ST segment is consistent with myocardial ischemia.

Cardiac ischemia causes deep, inverted T waves, followed by ST-segment eleva-
tion and eventually large Q waves when the heart muscle cells have died. A lack of ECG
abnormalities in the patient with chest pain provides evidence that the source of the dis-
comfort may lie outside the heart. Please refer to the references at the end of this chapter
for more detailed sources on ECG interpretation.

® More on Mr. B

Mr. B is admitted to the coronary ICU with chest pain. He is started on oxygen therapy with
a nasal cannula at 4 liters/minute. Venous blood is drawn to measure a CBC, which reveals
the following: WBCs 14,000/mm?, neutrophils 60%, bands 1%, lymphocytes 30%, and
monocytes 2%.

Arterial blood is drawn for measuring ABGs. Results are as follows: pH 7.40, Paco,
30 mm Hg, Pao, 55 mm Hg, HCO; 15 mEq/liter, base excess —3, Fio, 4 liters/minute by
nasal cannula. A portable chest x-ray is taken to evaluate the heart and lungs (Fig. 1.13),
and a 12-lead ECG is taken (Fig. 1.14).

QUESTIONS ANSWERS
16. How would you interpret the The WBC is elevated. This is common in response to
CBC? stress and does not always indicate that infection is
present. Since the bands are not elevated, infection
is unlikely.
17. How would you interpret the The ABG results reveal respiratory alkalosis and
ABGs? metabolic acidosis with inadequate oxygenation

despite administration of oxygen at a rate of
4 |iters/minute.
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18. What other test(s) should be The venous blood should be analyzed for cardiac
done on the venous sample in enzyme levels.
this patient?

19. Do you see any significant The chest x-ray demonstrates an enlarged heart.
abnormalities on the chest Notice that the width of the cardiac shadow is
x-ray? greater than one half the width of the chest. This is

consistent with acute cardiac ischemia and heart
failure. The chest x-ray also shows interstitial
pulmonary edema, which is consistent with left
ventricular failure.

20. What does the ECG show? There are elevated ST segments in V1, V2, and V3.

FIGURE 1.13 Mr. B's chest film showing an enlarged heart.
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FIGURE 1.14 Mr. B's ECG showing elevated ST segments consistent with ischemia.
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“& Mr. B Conclusion
\

Over the next 24 hours, Mr. B gradually improves. He is treated with furosemide (Lasix) to
reduce the pulmonary edema, which allows better oxygenation on day 2. The cardiac
enzymes are found to be elevated and confirm the diagnosis of myocardial infarction. Mr. B
remains hospitalized for 10 days and is sent home and enrolled in a cardiac rehabilitation
program. M

E3 o

e Whether in the emergency department, ICU, or home-care setting, patient assess-
ment skills make the difference between inadequate and effective patient care.

« The therapist does not evaluate patients to make a diagnosis, but to assist the physi-
cian in determining the appropriate therapy and to monitor the effects of that therapy.

« Shortness of breath, as perceived by the patient, is known as dyspnea. Patients expe-
riencing shortness of breath only in the reclining (supine) position are said to have
orthopnea.

e Cough is often associated with airway disease. Common causes of cough include
acute upper respiratory infections, asthma, gastroesophageal reflux, and bronchitis.

« Bacterial infections cause the sputum to increase in quantity and become purulent
and colored, often green or yellow.

e Hemoptysis refers to the spitting up of blood from the tracheobronchial tree or
lungs. When hemoptysis is caused by an infectious disease, the blood is often mixed
with sputum.

e Fever is an abnormal increase in body temperature cause by disease. It is a nonspe-
cific response to many problems, but most often occurs in response to an infection.

« All clinicians treating the patient should be familiar with his or her history of present
illness as documented in the patient’s chart.

« In general, the vital signs provide an index of the patient’s acute condition. Most
acute medical problems will be reflected by abnormal vital signs that will become
more abnormal as the problem increases in severity.

e Tachycardia and tachypnea are often seen together and indicate stress on the car-
diopulmonary system. Hypoxemia, fever, activity, and anxiety are common
causes.

e Hypertension is present when the blood pressure exceeds 140/90 mm Hg.
Hypertension is a very common problem in adults. The exact cause is often unknown,
but it leads to numerous health problems including heart failure and stroke.

e Sensorium assessment is done by evaluating the patient’s level of consciousness. It
is an important parameter in monitoring the patient with cardiopulmonary disease
because it reflects the adequacy of blood flow and oxygenation of the brain.

e Patients who breathe with a prolonged expiratory phase usually have narrowed
intrathoracic airways. Common causes include asthma and COPD.
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2 = KEY POINTS (continuep)

* Patients with restrictive lung disease (i.e., loss of lung volume) breathe with a rapid
and shallow breathing pattern. The greater the loss of lung volume, the faster the res-
piratory rate.

e Abdominal paradox is an abnormal breathing pattern seen in patients who have
diaphragm fatigue. It is recognized by observing the abdomen sink inward with each
inspiratory effort.

« Peripheral atelectasis, pulmonary fibrosis, and pneumonia are examples of lung dis-
orders that can cause harsh breath sounds over the affected region, which are termed
bronchial breath sounds.

 Diminished breath sounds are heard in emphysema, pleural effusion, pneumothorax,
and shallow breathing.

e Wheezes are produced by rapid airflow passing through narrowed airways that flut-
ter between partially open and closed. They indicate intrathoracic airway obstruction
and are most often heard on exhalation.

« Stridor is a monophonic wheeze heard over the upper airway. It is a serious sign of
impending respiratory failure, and the patient with stridor must be monitored closely.

e Crackles are produced by the sudden opening of collapsed airways. Deep breath-
ing in the patient with atelectasis or pulmonary fibrosis will result in fine, late-
inspiratory crackles.

 Enlargement of the right ventricle usually results in an abnormal pulsation around
the sternum, known as a right ventricular heave, which occurs with each systolic
heart beat. Left ventricular enlargement causes an abnormal heave in the left anterior
axillary region.

 S1is produced by closure of the A-V valves during systole. S2 is produced by clo-
sure of the semilunar valves.

e Murmurs are adventitious heart sounds that may also be heard during auscultation
over the heart. They are caused by turbulent blood flow through a narrow opening.
Forward flow through and narrow valve or back flow through an incompetent valve
will cause a murmur.

e Hepatomegaly (an enlarged liver) is a sign of right heart failure. This is common in
patients with cor pulmonale.

e Central cyanosis is consistent with respiratory failure. Peripheral cyanosis sug-
gests circulatory failure.

 Leukocytosis is defined as an abnormal elevation of the leukocyte count.
Leukopenia is an abnormal decrease in the leukocyte count.

« Polycythemia refers to an abnormal increase in the red blood cell count. Anemia
refers to an abnormal decrease in the red blood cell count.

« Measurement of cardiac enzymes in the blood is useful to evaluate the patient sus-
pected of having a myocardial infarction.

» Hypoxemia is defined as an abnormal decrease in blood oxygen levels. This is mea-
sured by drawing an ABG sample.

« One of the most important measurements done during pulmonary function testing is
the vital capacity. This is the total volume of gas the patient can exhale following
maximal inspiration. The vital capacity indicates the patient’ breathing capacity and
ability to cough following surgery.

(key points continued on page 34)
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« = KEY POINTS (continueD)

« The chest radiograph provides details about the condition of the lungs and heart. The
shadows that are dark (lung) result from the x-ray beam burning the film, while the
shadows that are white (bone) result from most of the x-ray beam being absorbed.

« The electrical activity of the heart is summarized in the ECG recording. The P wave
represents atrial contraction, the QRS represents ventricular contraction, and the T
wave represents ventricular repolarization.

FURTHER READING

Wilkins, RL, Sheldon, RL, Krider SJ (eds): Clinical
Assessment in Respiratory Care, ed 5, Mosby- Year
Book, St. Louis, 2005.
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Introduction to
Respiratory Failure

Robert L. Wilkins, PhD, RRT, FAARC
James R. Dexter, MD, FACP, FCCP

CHAPTER OBJECTIVES:

After reading this chapter you will be able to state or identify the following:

m The definitions for respiratory failure, ventilatory failure, and oxygenation failure.
® The causes of respiratory failure.

m The effect of respiratory failure on the lung, heart, and other body systems.

® The clinical features associated with respiratory failure.

® The general treatment of respiratory failure.

INTRODUCTION

The production of energy in the body, which is necessary to maintain life, requires a con-
stant supply of oxygen and nutrients to the tissues. Breathing provides a steady intake of
oxygen to the lungs, where the oxygen diffuses through the alveolar capillary membrane
into the blood (external respiration). The circulatory system distributes the oxygenated
blood to the various vascular beds, where oxygen is given up to the tissues (internal respi-
ration). In addition to oxygenation of the blood, the lungs also serve to rid the body of car-
bon dioxide (CO,), a waste product of metabolism. The venous blood transports CO, to the
lungs. The CO, diffuses into the alveoli and is subsequently exhaled into the atmosphere.
This chapter is an introduction to the medical problems that can lead to inadequate gas
exchange. Subsequent chapters provide specific examples of diseases that affect the heart
and lungs.

Respiratory failure is a general term that indicates failure of the lungs to provide
adequate oxygenation or ventilation for the blood. Oxygenation failure is a more specific
term indicating an arterial oxygen tension (Pao,) of less than 60 mm Hg despite a fraction
of inspired oxygen (Fi0,) of 0.50 or higher. \entilatory failure refers to inadequate venti-
lation between the lungs and atmosphere that results in an inappropriate elevation of arte-
rial carbon dioxide tension (Paco,) of greater than 45 mm Hg in the arterial blood.

The term respiratory failure may be used in a more general fashion to describe fail-
ure of either external or internal respiration. For example, if the circulatory system fails to
move the blood at a sufficient rate to meet metabolic demands, the transport of oxygen is
inadequate and the tissues may become hypoxic. Although this is more accurately an exam-
ple of circulatory failure, it does represent a breakdown in the system needed for respiration.
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The amount of oxygen consumed and CO, produced each minute is dictated by
the metabolic rate of the patient. Exercise and fever are examples of factors that increase
the metabolic rate and place more demands on the cardiopulmonary system. When the car-
diopulmonary reserve is limited by disease, fever may represent an added stress that pre-
cipitates respiratory failure and tissue hypoxia.
This chapter provides an overview of the
concepts important for managing respiratory failure
Patients with acute and applies these concepts to a specific case of drug
respiratory failure have overdose. Drug overdose can often cause neuromus-
inadequate oxygention of cular deficiency leading to ventilatory failure. This
the arterial blood or elevation chapter provides specific information about drug
of CO, levels or both. overdose in addition to information about respiratory
failure.
ETIOLOGY

Oxygenation Failure

Hypoxemia is present when the Pao, is below the predicted normal value for a given
patient. Hypoxemia is classified as:

e Mild (Pao, 60 to 79 mm Hg)
e Moderate (Pao, 40 to 59 mm Hg)
e Severe (Pao, less than 40 mm Hg)

This classification is based on predicted normal values for a patient who is less
than 60 years old and breathing room air. For older patients, subtract 1 mm Hg for every
year over 60 years of age from the limits of mild and moderate hypoxemia. A Pao, of less
than 40 mm Hg represents severe hypoxemia at any age.

Hypoxemia has potentially serious consequences because it can lead to inade-
quate tissue oxygenation (hypoxia). When hypoxemia is present, tissue oxygenation may
be preserved by an increase in cardiac output. Patients with severe hypoxemia or mar-
ginal cardiac function may not be able to compensate adequately for the hypoxemia,
resulting in tissue hypoxia. Tissue hypoxia of the heart complicates the problem by caus-
ing dysrhythmias and poor contractility, which add to the lack of oxygen delivery
throughout the body.

The most common cause of hypoxemia is ventilation-perfusion (V/Q) mis-
matching, which occurs when some regions of the lung are poorly ventilated but remain
perfused by pulmonary blood (low VQ (Fig. 2.1). Although regional vasoconstriction
typically occurs in the pulmonary capillaries of the affected region, blood flow is not
entirely stopped. As a result, some blood leaves the lungs without receiving adequate
oxygenation and lowers the Pao,. VVQ mismatching also occurs when perfusion of a por-
tion of the lung is reduced or absent despite adequate ventilation of the affected region
(high VIQ).

Shunt is another cause of hypoxemia and refers to the movement of blood from the
right side of the heart to the left side of the heart without coming into contact with venti-
lated alveoli. Shunt can be caused by a congenital heart defect (anatomical shunt), which
allows the venous blood to bypass the pulmonary circulation through abnormal channels
(e.g., ventricular septal defect). The most common cause of shunt, however, is pulmonary
disease that results in collapsed or unventilated alveoli (physiologic shunt). In this
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FIGURE 2.1 (A) Normal matching of ventilation to perfusion. (B) High V/Q, where ventilation is in excess
of perfusion. (C) Low V/Q, where perfusion is in excess of ventilation (shunt).

situation, blood flow through the affected lung regions does not participate in gas exchange
and may result in severe hypoxemia (Pao, less than 40 mm Hg) that does not respond well
to oxygen therapy (see Fig. 2.1).

Hypoxemia can occur when an individual inhales a gas mixture that does not con-
tain an adequate partial pressure of oxygen (low Plo,). Breathing gas that lacks adequate
oxygen results in a below-normal Pao, (arterial hypoxemia). This situation can occur at
high altitude, during fires in an enclosed structure, and in cases of equipment failure while
the patient is attached to a ventilator circuit.

Hypoventilation increases alveolar Pco,
(Paco,) and decreases alveolar Po, (Pao,). If the patient
is breathing room air, hypoventilation can result in
hypoxemia. Hypoxemia is less likely if the hypoventi-
lating patient is breathing an elevated Fio,.

(Oxygenation failure is a
serious problem that can
cause life-threatening organ
dysfunction.

Ventilatory Failure

The ability to inhale requires a healthy neurological system that stimulates the respiratory
muscles. Contraction of the diaphragm decreases the intrathoracic pressure and causes gas
to flow into the lungs. Minimal effort is required if the chest cage is intact, airways are
patent, and lungs are compliant.

The ability to exhale requires patent airways and a lung parenchyma with suffi-
cient elastic recoil to hold the bronchioles open until exhalation is complete.

Causes of ventilatory failure include depression of the respiratory center by drugs,
diseases of the brain, spinal cord abnormalities, muscular diseases (see Chapter 15), thoracic
cage abnormalities (see Chapter 12), and upper and lower airway obstruction (Box 2.1).
Upper airway obstruction may occur with acute infection and during sleep when muscle
tone is reduced (see Chapter 18).

A number of factors can contribute to weakness of the inspiratory muscles and
may tip the balance in favor of acute ventilatory failure. Malnutrition and electrolyte
disturbances can weaken the ventilatory muscles, and pulmonary hyperinflation (e.g.,
emphysema) can make the diaphragm less efficient. Lung hyperinflation causes the
diaphragm to assume an abnormally low position that results in a mechanical disadvan-
tage (Fig. 2.2). These problems are common in patients with acute and chronic obstruc-
tive pulmonary disease (e.g., asthma, chronic bronchitis, emphysema; see Chapters 3
and 4).
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PATHOPHYSIOLOGY

Oxygenation Failure

The severity of the hypoxemia and
the patient’s preexisting condition
determine a patient’s response to
hypoxemia. A previously healthy
patient will be unaffected by mild
hypoxemia. A patient with severe
cardiopulmonary disease, however,
is likely to be in grave danger if
oxygenation further deteriorates.
Patients usually respond
to hypoxemia by increasing their
rate of breathing (tachypnea).
Tachypnea increases minute ven-
tilation, decreases Paco,, and to
some extent increases Pao,. Since
anatomical dead space (parts of
the lung that are ventilated but
not perfused) is fixed, tachypnea
represents a major increase in the
work of breathing. If the patient’s
respiratory system is unhealthy,
as in obstructed airway disease,
tachypnea may represent a serious
increase in the work of breathing.
Hypoxemia stimulates
the pulmonary capillaries to con-
strict in the affected regions. The
pulmonary vasoconstriction will
be widespread if the disease

Box 2.1 Causes of Ventilatory and Respiratory Failure

VENTILATORY FAILURE

Dysfunction of the Central Nervous System
® Drug overdose

® Head trauma

* Infection

® Hemorrhage

e Sleep-related apnea

Neuromuscular Dysfunction

® Myasthenia gravis

® Guillain-Barré syndrome

* Poliomyelitis

* Amyotrophic lateral sclerosis

® Spinal cord trauma

® Long-term use of aminoglycosides

Musculoskeletal Dysfunction
® Chest trauma (flail chest)

® Kyphoscoliosis

* Malnutrition

Pulmonary Dysfunction
® Emphysema

¢ Chronic bronchitis

® Asthma

e Cystic fibrosis

OXYGENATION FAILURE

® Pneumonia

® Adult respiratory distress syndrome

* Congestive heart failure

* Qbstructive lung diseases (e.g., asthma, bronchitis)

® Pulmonary embolism

® Restrictive lung diseases (e.g., pulmonary fibrosis,
kyphoscoliosis)

causing hypoxemia is prevalent throughout the lungs. Pulmonary vascular resistance
(PVR) is markedly increased when widespread pulmonary vasoconstriction is present. This
increases right heart workload and, if it continues for many months, can result in right ven-
tricular failure. Right heart failure is characterized by increased pressure and dilation of the
right heart chamber (as the heart pumps against the constricted capillaries). The combina-

(Oxygenation failure causes a
large variety of pulmonary
and cardiac changes designed
to compensate for the lack of
oxygen. Chronic oxygenation
failure causes right heart
failure resulting from long-
term elevation of pulmonary
vascular resistance.

tion of lung disease and right heart failure is known as
cor pulmonale.

Cardiac rate and strength of contraction
increase to compensate for hypoxemia. If coronary
artery disease is present, the increased cardiac work-
load can lead to ischemia and irreversible damage
(infarction). If the hypoxemia is severe or the heart
cannot provide a sufficient increase in cardiac output
to maintain adequate oxygen transport, the brain may
be affected, resulting in a diminished sensorium and
cognitive function. If the brain continues to be
hypoxic, the patient will lose consciousness.
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Figure 2.2 (A) Normal position of the diaphragm at end exhalation and end inhalation (dotted line).
(B) Abnormal position of the diaphragm demonstrating the mechanical disadvantage associated with
pulmonary hyperinflation.

Ventilatory Failure

Ventilatory failure is defined as a change in respiration resulting in an elevated Paco,.
Since CO, is an acid substance in the blood, an acute increase in Paco, decreases arterial
blood pH. The combination of an elevated Paco, and acidosis severe enough to drop the pH
below 7.20 may have a profound effect on the body. Ventilatory failure with rising Paco,
affects the brain much like an anesthetic and results in somnolence and eventually coma.

CLINICAL FEATURES

Oxygenation Failure

Inspection of the patient with severe hypoxemia typically reveals central cyanosis unless
anemia is present and obscures the cyanosis. Central cyanosis is seen as a bluish discol-
oration of the tongue and mucous membranes. Anemia reduces the ability of clinicians to
detect cyanosis because the bluish discoloration of tissues is due to desaturation of the
hemoglobin. Vital signs are typically abnormal, revealing tachycardia, tachypnea, and
hypertension. Severe acute hypoxemia may leave the patient confused, agitated, and slow to
respond. Abnormal cardiac rhythms are common when severe hypoxemia is present.
Premature ventricular contractions are an indication that the heart is hypoxic in patients
who are hypoxemic. If the hypoxemia is chronic, cor pulmonale may develop causing
hepatomegaly, JVD, and pedal edema. The hepatomegaly and pedal edema are the result of
high venous pressure.

Laboratory abnormalities associated with hypoxemia include low Pao,, Sao,, and
arterial oxygen content on arterial blood gas (ABG) analysis. If the hypoxemia is chronic,
the bone marrow is stimulated to produce red blood cells, which results in polycythemia,
(increased hemoglobin and hematocrit). When the hemoglobin increase is significant, the
oxygen content of the arterial blood may be normal or near normal despite the presence of
hypoxemia.

Diseases of the lung that cause oxygenation failure usually also cause abnormalities
on the chest radiograph. Typical abnormalities include infiltrates consistent with pulmonary
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edema, adult respiratory distress syndrome (ARDS), atelectasis, or pneumonia (see
Chapters 8, 11, 13, and 16). When the primary cause of the hypoxemia is outside the lung
(e.g., shunting from a congenital heart defect), the chest radiograph is often normal unless
a complicating respiratory problem is present.

Ventilatory Failure

There are few clinical findings specifically suggestive of an elevated Paco,. Clinical find-
ings that suggest ventilatory failure include headache, diminished alertness, warm and
flushed skin, and bounding peripheral pulses. These findings are very nonspecific, as they
occur in a variety of conditions other than ventilatory failure. Since hypoxemia is often
present in the patient with ventilatory failure, the clinical signs of inadequate oxygenation
are often simultaneously present.

Hypothermia and loss of consciousness are common when the ventilatory failure
is the result of an overdose of sedatives. Tricyclic antidepressants frequently increase heart
rate and blood pressure and increase anticholinergic signs (such as hyperthermia, flushing,
dilated pupils, intestinal ileus, and urinary retention). Breath sounds are often clear in the
presence of drug overdose unless aspiration has occurred. Aspiration is more likely to
occur when sedatives and alcohol are abused (because of a diminished gag reflex) and may
result in crackles in the lower lobes, with a predominance in the right lower lobe.

The clinical signs of diaphragm fatigue provide an early warning of respiratory
failure in the patient with respiratory distress. It strongly suggests that the patient is in need
of ventilatory assistance (see Treatment section). Fatigue of the diaphragm initially results
in tachypnea. This is followed by periods of respiratory alternans or abdominal paradox.
Respiratory alternans is the short-term alternation between using the diaphragm for breath-
ing and using the accessory muscles. Abdominal paradox is the inward movement of the
abdomen with each inspiratory effort (Fig. 2.3). This is due to the flaccid status of the
diaphragm, which results in its being drawn upward when the accessory muscles create a
negative intrathoracic pressure (see Chapter 1).
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FIGURE 2.3 (A) Normal movement of the diaphragm and abdominal contents with breathing.
(B) Abnormal, inward movement of the abdomen with each inspiratory effort as seen with
diaphragm fatigue. This is known as abdominal paradox.
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ABGs are very helpful for assessing the patient with ventilatory failure. The
severity of ventilatory failure is indicated by the degree to which the Paco, increases.
Measurement of arterial pH identifies the degree of respiratory acidosis present and sug-
gests the level of urgency at which treatment needs to be implemented. The patient needs
immediate care when the pH drops below 7.2, as is discussed in the next section.

TREATMENT

Oxygenation Failure

Elevation of Fio, is the initial treatment for hypoxemia. Oxygen supplementation rapidly
corrects hypoxemia associated with V/Q mismatching or hypoventilation. Oxygen therapy
in this situation can be given by nasal cannula, simple mask, or entrainment mask. The
entrainment mask delivers a specific Fio, regardless of the patient’s breathing pattern. This
is in contrast to the nasal cannula and simple mask, which allow the inhaled Fio, to vary
with the patient’s respiratory rate and tidal volume.

Hypoxemia caused by either anatomical or physiologic shunting is usually not
responsive to increases in Fio, because blood traversing the shunt does not come into con-
tact with ventilated alveoli. Treatment of anatomical shunt requires closure of the defect, if
possible. Treatment of physiologic shunt requires reopening of alveoli. Shunt caused by
collapse of alveoli often responds to positive pressure ventilation (PPV). PPV can decrease
the patient’s work of breathing and open collapsed alveoli to allow better gas exchange.

PPV is generally used to treat hypoxemia when the patient has a Pao, of less than
60 mm Hg despite an increase in the Fio, to 0.50 or higher (Table 2.1). The application of
continuous positive airway pressure (CPAP) by mask is an acceptable temporary measure
as long as ventilation is adequate and the patient’s problem is likely to resolve quickly (e.g.,
postoperative atelectasis). Intubation and mechanical ventilation are needed if mask CPAP
is not successful in correcting the hypoxemia and reducing the patient’s work of breathing
or when the problem is not likely to resolve quickly (e.g., ARDS). The application of posi-
tive end-expiratory pressure (PEEP) in conjunction with mechanical ventilation is usually
needed to treat patients with severe hypoxemia caused by shunting. PEEP and CPAP allow
adequate oxygenation at a lower Fi0,, thus reducing the risk of oxygen toxicity. The use of
PEEP and its potential complications are described in more detail in Chapter 11.

Mechanical Ventilation
Conventional modes of mechanical ventilation are adequate for most patients. These
include assist/control or intermittent mandatory ventilation (IMV). A ventilator set to
assist/control delivers a preset
tidal volume at a specified rate.

The ventilator will also deliver a  Tapje 2.1 Clinical Guidelines for Initiation of

full mechanical breath each time Mechanical Ventilation (Adult Patients)
the patient initiates an inspiratory - :
effort. A ventilator set to IMV C?SFI"ratO'V_ rate >30/m'L”Ete
delivers preset tidal volumes at '@ capacity <15mlfkg
Minute ventilation >10 liters/minute

the preset rate but also allows ! ——

. Maximum inspiratory <20 cm H,0
the patient to take spontaneous

N i pressure
breaths in between the mechani-  paco, (acute change) >50 mm Hg
cal breaths. As a result, the patient Pao, <60 mm Hg on F,0, > 0.50

may receive the preset number of
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mechanical breaths and as many spontaneous breaths each minute as desired. In most
cases of using IMV a synchronized version is applied and is referred to as SIMV. The ven-
tilator synchronizes the mechanical breaths with the spontaneous breaths to prevent stack-
ing a mechanical breath on top of a spontaneous breath. Although IMV was popularized
initially as a mode of weaning patients from mechanical ventilation, it is now also popu-
lar as a form of ventilator support. See the following discussion on treatment of ventila-
tory failure to become familiarized with setting tidal volume and rate during mechanical
ventilation.

Mechanical ventilation is almost always initiated with inspiratory times much
shorter than expiratory times. A long expiratory time allows adequate time for exhalation
and reduces the chance of inadvertent air trapping. Prolonged inspiratory times with short
expiratory times (inverse 1:E) may improve oxygenation in some patients with low lung
compliance and poor gas exchange. Inverse ratio ventilation (IRV) was first applied in
neonates but is now also sometimes used in adult patients with refractory hypoxemia.

Most ventilators can be set to terminate the
mechanical breath when a preset volume has been

[\/Jild hypoxemia can be reached (volume control) or when a preset pressure has
treated with simple oxygen been reached (pressure control). Volume control venti-
therapy. Severe hypoxemia lation has the advantage of ensuring that the patient will
that responds poorly to receive an adequate minute ventilation despite changes
oxygen therapy usually in the lung or chest wall compliance or airway resist-
requires mechanical ance. The disadvantage of this mode is the high pres-
ventilation to keep the sures that may be reached when compliance drops or
patient alive until the airway resistance increases. Pressure control ventilation
pulmonary problem resolves. assures that high pressures will not be a problem, but

minute ventilation may become dangerously low when
lung compliance drops or airway resistance increases.

Ventilatory Failure

An acute elevation in Paco, indicates that the patient is unable to maintain adequate alveo-
lar ventilation and may be in need of ventilatory assistance. The Paco, does not necessar-
ily have to be above normal range to indicate the need for mechanical ventilation in all cir-
cumstances. For example, if an asthmatic patient is in acute respiratory distress and the
Paco, increases from 30 to 40 mm Hg because of muscle fatigue, the patient would bene-
fit from intubation and mechanical ventilation. This example illustrates how trends in the
Paco, can be helpful in determining the need for mechanical ventilation.

Mechanical Ventilation
Once the patient is intubated, base the selected tidal volume on the presenting pathophysi-
ology. Generally the tidal volume is set in the range of 5 to 10 mL/kg of ideal body weight
(e.g., obese patients do not need enormous tidal volumes) Tidal volumes smaller than this
tend to result in collapse of peripheral lung units. Tidal volumes larger than 10 mL/kg or
large enough to produce plateau pressures of greater than 30 cm H,O or peak airway pres-
sure greater than 40 cm H,O tend to overinflate the lungs and may result in barotrauma
(e.g., pneumothorax, pneumomediastinum). This is especially true for patients with stiff
lungs, such as those with ARDS.

The respiratory rate needed by the patient depends on his or her metabolic rate,
but adults typically require 8 to 15 breaths per minute. Rates as low as 6 to 8 breaths per
minute allow longer expiratory times and may be needed in patients with obstructive lung
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disease to minimize air trapping. Ventilation is adjusted in most patients to keep the Paco,
between 35 and 45 mm Hg. One exception is the patient with a chronically elevated Paco,
for whom the goal of mechanical ventilation is to return the pH to the normal range and the
Paco, to the patient’s baseline, rather than to the normal range. If patients with chronic
hypoventilation and CO, retention are ventilated with enough vigor to achieve a normal
Paco,, respiratory alkalosis becomes a problem in the short term and ventilator weaning
becomes a problem in the long term.

Initially the Fi0, is set at 1.0 to ensure adequate oxygenation during this stressful
period. An exception might be the patient in whom a recent ABG has demonstrated supra-
normal Pao, on an increased F10,. An Fio, of about 0.40 to 0.60 should be adequate in such
cases. Once the patient stabilizes, the Fio, can be adjusted on the basis of pulse oximetry
or ABGs.

Determine the cause of the ventilatory failure while initiating symptomatic treat-
ment. In the case of drug overdose, attempt to identify the type of drug, the amount
ingested, the length of time since ingestion, and whether trauma occurred. General goals in
management of drug overdose are to prevent toxin absorption (e.g., stomach lavage,
inducement of vomiting, use of charcoal), to enhance drug excretion (e.g., dialysis), or to
prevent accumulation of toxic metabolic products (e.g., acetylcysteine as an antidote for
acetaminophen overdose).

Weaning

Weaning the patient from mechanical ventilation can begin as soon as the cause of the res-
piratory failure has been corrected and the patient’s medical problems are stable. Weaning
parameters help determine when weaning is likely to be successful (Box 2.2), but tradi-
tional measures such as maximum inspiratory pressure or vital capacity are of limited
value since they do not reflect the patient’s endurance capabilities.

A useful weaning predictor may be the rapid shallow breathing index. This mea-
sure is determined by identifying the ratio of the breathing frequency (f) to the tidal volume
(\Vt) during spontaneous breathing without pressure support. Values below 105 breaths/min/L
appear to be strong indicators that weaning will be successful.

Methods of weaning include IMV, pressure support (PS), and T-piece. Each
method has advantages and disadvantages, but any one should effectively wean most
patients when they are ready. Each method depends on decreasing the patient’s ventilatory
support under controlled circumstances while the patient is closely monitored. Extubation
can occur when the patient’s gag reflex is intact and the patient has demonstrated that the
endotracheal tube is no longer needed.

IMV Weaning

IMV weaning decreases the num-
ber of mechanical breaths per Box 2.2
minute every few hours until the

patient no longer needs mechani- Weaning Criteria
cal support or demonstrates poor e Cause of respiratory or ventilatory failure is resolved
tolerance of the weaning (e.g. * Patient's condition is stable and improving

* Vital Capacity >10-15 mL/kg

® Resting minute volume is <10 liters/minute

. ® Maximum inspiratory pressure is >—20 cm H,0
a_dvar_1tage of ”_VIV is the poten- * Adequate oxygenation on Fi0, <0.50

tial mcregse in the WOI’k_ of * Spontaneous respiratory rate <35 breaths/minute
breathing imposed on the patient * Spontaneous tidal volume >325 mL

by the ventilator circuit during

20% changes in pulse rate and
blood pressure). The primary dis-
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spontaneous breaths. This increased workload is primarily due to excessive resistance at the
demand valve and the endotracheal tube. Newer ventilators have improved this problem, but it
remains a clinical issue in some patients. Adding PS to IMV can help overcome this problem.

Pressure Support

PS helps overcome the workload imposed by the resistance of the artificial airway and ventila-
tor circuitry and assists ventilation by providing a set amount of positive airway pressure dur-
ing inspiration. Weaning with PS begins by setting it at a level that results in an acceptable tidal
volume and rate without use of accessory muscles. The respiratory therapist gradually lowers
the preset PS on a regular basis (over a period of hours to days) while the patient is monitored.
Mechanical ventilation can be discontinued once the patient is tolerating a low PS level (e.g.,
less than 5 cm H,0), as evidenced by the patient’s maintaining a normal pattern of breathing.

T-Piece Weaning

T-piece weaning is done by discontinuing mechanical ventilation for short periods of time
and placing the patient on “blow-by” at an appropriate Fio,. The duration during which the
patient is allowed to breathe spontaneously is gradually increased until the patient either
shows signs of stress or no longer requires mechanical ventilation. This method of weaning
has the advantage of giving the patient periods of rest when reconnected to the ventilator.

HISTORY

Ms. N is a 47-year-old white woman who was found unconscious on the floor of her apart-
ment by a relative. Empty bottles of diazepam (Valium), effexor (antidepressant), and beer
cans were nearby. The relative dialed 911, and the patient was transported to a local emer-
gency room. During transportation, the patient had an adequate pulse rate but required
ventilatory assistance with a bag-valve mask on oxygen. An ABG was obtained immediately,
and a drug screen was ordered in the emergency room.

QUESTIONS ANSWERS

1. What complications are likely to ~ Common complications include respiratory
occur in this patient? depression, hypothermia or hyperthermia, cardiac
irreqularities, and vomiting and aspiration.

2. What information should the The physician should attempt to identify how much
attending physician attempt to medication the patient swallowed and how much
get from the relative or para- time has passed since ingestion. Some of the
medics? pertinent information could be obtained from the

prescription labels on the bottles.

3. Is this patient most likely to be The patient is most likely to experience ventilatory
experiencing ventilatory or failure caused by depression of the central nervous
oxygenation failure? system. Oxygenation failure would be expected only

if gastric acid aspiration has occurred resulting in
V/Q mismatching.
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4. Should the patient be intu-
bated? If so, why?

5. What treatment should be
provided?

‘l‘!i‘ More on Ms. N
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Yes, the patient should be intubated to ensure
adequate ventilation and to protect the airway
from aspiration. The need for bag-valve-mask
assistance demonstrates the need for intubation
and mechanical ventilation.

The most urgent treatment needed after establish-
ing an airway and ensuring adequate ventilation

is to prevent further absorption of the overdose
medication. This is accomplished with the use of
charcoal to absorb and bind with the toxins. If the
patient is awake and alert, vomiting is induced
with syrup of ipecac; however, if the patient is
lethargic or if mental status is rapidly deteriorating,
stomach lavage is preferable. To protect the lungs,
it is important to place an endotracheal tube
before performing stomach lavage.

PHYSICAL EXAMINATION

® General. An unconscious, slightly obese female with an 8.0-mm transoral endotracheal
tube in place being ventilated with a hand resuscitator; Ewald tube in left nostril; gastric
lavage fluid containing a large number of pill fragments; strong smell of alcohol; patient
approximately 5 foot, 8 inches and 155 pounds

e Vital Signs. Pulse 124/minute, respiratory rate 12 to 16/minute with bag-valve mask,
body temperature 35.3°C (95.6°F), blood pressure 120/75 mm Hg

e HEENT. No signs of trauma; pupils dilated with sluggish response to light

® Heart. Normal heart sounds with no murmurs

® Lungs. Breath sounds clear except in right lower lobe, where inspiratory crackles are heard

e Abdomen. Soft, obese, with no organomegaly or tenderness; bowel sounds present, but

hypoactive

¢ Extremities. Warm to palpation with no edema, clubbing, or cyanosis

e Initial ABG Findings. (while patient is being ventilated with an Fio, of 1.0 via a bag-
valve mask prior to intubation). pH 7.28, Paco, 54 mm Hg, Pao, 135 mm Hg, Sao, 99%,

HCO, = 26 mEq/liter

QUESTIONS

ANSWERS

6. What accounts for the
hypothermia?

7. What accounts for the dilated
and sluggishly reactive pupils?

Hypothermia is common in patients with an over-
dose of sedatives. Overdose with some antidepresents
especially disrupts temperature regulation.

Dilated and slowly reactive pupils are common in
patients who overdose on sedatives and tricyclic
antidepressants.
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8. What could account for the Crackles in the right lower lobe are most likely due
crackles heard in the right lower  to aspiration of stomach contents. Sedatives and
lobe? alcohol cause decreased mental acuity and

depressed pharyngeal muscle function, both of
which contribute to a disturbed gag reflex and
increase the chance of aspiration.

9. How would you interpret the The ABG reveals an acute respiratory acidosis with
ABG findings? adequate oxygenation. Respiratory acidosis is

common in patients who overdose on sedatives, as
sedatives depress the central nervous system and
diminish the drive to breathe. Bag-valve-mask
ventilation is often less effective than ventilation
with a bag valve and a properly placed endotracheal
tube because face masks can leak, causing some air
to go down the esophagus (gastric inflation).

10. What is the significance of the The presence of pill fragments in the stomach

pill fragments found in the indicates that at least some of the pills were
contents of the stomach? Why ingested somewhat recently. Gastric lavage and
was the charcoal given? charcoal will probably prevent absorption of a large

amount of the medication in the stomach.

“‘ﬁ More on Ms. N

Ms. N is transferred from the emergency room to the intensive care unit (ICU). While in the
ICU, she is placed on continuous mechanical ventilation with a volume ventilator, and car-
diac monitoring is continued.

QUESTIONS ANSWERS

11. What laboratory and diagnostic  To ensure adequate ventilation, it would be helpful to
tests would you suggest at this order a repeat ABG after initiation of mechanical
time? ventilation. A chest x-ray would be helpful to

investigate the crackles in the right lower lobe. A
complete blood count (CBC) and electrolyte panel
would be useful.

12. What ventilator settings would The patient should be ventilated with the assist/

you recommend? Specifically control or IMV mode. The tidal volume should be in

suggest the mode of ventilation,  the range of 500 to 600 mL, since Ms. N's ideal body

tidal volume, rate, Fio,, and PEEP ~ weight is approximately 60 kg. The mechanical rate

level. should be about 10 to 14 per minute. The presence
of inspiratory crackles indicates that the patient
may have lung pathology that could lead to V/Q
mismatch or shunt. This suggests that an elevated Fio,
will be needed to maintain adequate oxygenation. An
Fio, in the range of 0.40 to 0.60 is a reasonable
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place to start, since we know the patient has more
than adequate oxygenation on an Fio, of 1.0. PEEP
levels of greater than 5 cm H,0 should not be nec-
essary unless the patient requires an Fio, of greater
than 0.60 on mechanical ventilation.

The ventilator is set to deliver a tidal volume of 600 mL at a rate of 12 per minute with
an Fio, of 0.45 in the assist/control mode. Twenty minutes after initiation of mechanical
ventilation, an arterial blood sample is drawn and reveals the following: pH 7.51, Paco,
32 mm Hg, Pao, 88 mm Hg, and HCO; = 25 mEq. The chest x-ray shows patchy infiltrates
in the right lower lobe, which is consistent with aspiration pneumonia (Fig. 2.4). The
electrocardiogram monitor reveals a sinus rate of 115 to 120 per minute. Breath sounds
are clear in all areas except the right lower lobe.

A drug screen indicates that the patient had also taken acetaminophen. Her blood
alcohol level is 0.155, and the presence of antidepressant is confirmed via urinalysis.

FIGURE 2.4 Chest radiograph showing infiltrates in the right lower lobe.
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QUESTIONS ANSWERS
13. How would you interpret the The ABG reveals an acute respiratory alkalosis with
ABG results? adequate oxygenation on an Fio, of 0.45. The

respiratory alkalosis is the result of the mechanical
ventilation with an excessive minute ventilation.

14. What changes in the ventilator The ventilator should be adjusted to deliver a lower
settings would you suggest minute volume. A reduction in the tidal volume or
based on the ABG results? rate would reduce alveolar ventilation and allow

the Paco, to increase to a more normal range.

15. What is the treatment for The antidote for acetaminophen overdose is
acetaminophen overdose? acetylcysteine (Mucomyst). The need for treatment

with the antidote is determined by the use of a
nomogram to compare the amount of time passed
since ingestion versus the acetaminophen plasma
blood level. If the acetaminophen plasma level is
at or above the minimum "treatment” level, the
patient should be given an oral loading dose of
N-acetylcysteine (140 mg/kg) followed by 17
maintenance doses of 70 mg/kg at 4-hour
intervals. The N-acetylcysteine should be diluted
with water, juice, or soda. N-acetylcysteine is also
given when an acetaminophen plasma level is not
available and the history of ingestion is greater
than 7.5 g or 140 mg/kg.

16. What pulmonary complication is  Aspiration pneumonia can lead to acute respiratory
associated with aspiration distress syndrome and severe respiratory failure (see
pneumonia? Chapter 11).

A% Ms.NConclusion

The rate of the mechanical ventilator is reduced to 8 breaths per minute at the same tidal
volume. Acetylcysteine is given to the patient to treat the acetaminophen overdose. Over
the next 24 hours, the patient regains consciousness and is able to respond to commands
and communicate by way of paper and pencil. She is weaned via T-piece and carefully
observed. After 4 hours, her vital signs are normal and ABGs are as follows: pH 7.43, Paco,
36 mm Hg, and Pao, 79 mm Hg on an Fio, of 0.40. Based on these findings, Ms. N is
extubated and placed on oxygen by mask with aerosol at an Fio, of 0.45. Over the next
24 hours, her pneumonia and general condition improve, and she is transferred to the
psychiatric ward on day 3. The remainder of her hospital stay is uneventful. m
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S erons

« Breathing provides a steady intake of oxygen to the lungs, where the oxygen diffuses
through the alveolar capillary membrane into the blood (external respiration).

* The circulatory system distributes the oxygenated blood to the various vascular beds,
where oxygen is given up to the tissues (internal respiration).

 Respiratory failure is a general term that indicates failure of the lungs to provide
adequate oxygenation or ventilation for the blood.

» Oxygenation failure is a more specific term indicating an arterial oxygen tension
(Pao,) of less than 60 mm Hg despite a fraction of inspired oxygen (Fio,) of 0.50 or
higher.

 \entilatory failure refers to inadequate ventilation between the lungs and atmos-
phere that results in an inappropriate elevation of arterial carbon dioxide tension
(Paco,) of greater than 45 mm Hg in the arterial blood.

« The most common cause of hypoxemia is ventilation-perfusion (VQ) mismatching.
VIQ mismatching occurs when some regions of the lung are poorly ventilated but
remain perfused by pulmonary blood (low V/Q).

« \/Q mismatching also occurs when perfusion of a portion of the lung is reduced or
absent despite adequate ventilation of the affected region (high VQ).

« Shunt is another cause of hypoxemia and refers to the movement of blood from the
right side of the heart to the left side of the heart without coming into contact with
ventilated alveoli.

* Causes of ventilatory failure include depression of the respiratory center by drugs,
diseases of the brain, spinal cord abnormalities, muscular diseases (see Chapter 15),
thoracic cage abnormalities (see Chapter 12), and upper and lower airway obstruction.

» Hypoxemia stimulates the pulmonary capillaries to constrict in the affected regions.
The pulmonary vasoconstriction will be widespread if the disease causing hypox-
emia is prevalent throughout the lungs. This can lead to cor pulmonale if the hypox-
emia is chronic.

* Severe acute hypoxemia may leave the patient confused, agitated, and slow to
respond. Abnormal cardiac rhythms are common when severe hypoxemia is
present.

« Few clinical findings specifically suggest an elevated Paco,. Clinical findings that
suggest ventilatory failure include headache, diminished alertness, warm and flushed
skin, and bounding peripheral pulses. These findings are nonspecific.

« Elevation of Fio, is the initial treatment for hypoxemia. Oxygen supplementation
rapidly corrects hypoxemia associated with VVQ mismatching or hypoventilation.

» PPV is generally used to treat hypoxemia when the patient has a Pao, of less than 60
mm Hg despite an increase in the Fio, to 0.50 or higher.

 The application of PEEP in conjunction with mechanical ventilation is usually
needed to treat patients with severe hypoxemia caused by shunting. PEEP and
CPAP allow adequate oxygenation at a lower Fio,, thus reducing the risk of oxygen
toxicity.

 An acute elevation in Paco, indicates that the patient is unable to maintain adequate
alveolar ventilation and may be in need of ventilatory assistance. The Paco, does not
necessarily have to be above normal range to indicate the need for mechanical venti-

lation in all circumstances.
(key ponts continued on page 50)
g ____________________________________________________________________________|
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¢ = KEY POINTS (continuep)

 Weaning the patient from mechanical ventilation can begin as soon as the cause of
the respiratory failure has been corrected and the patient’s medical problems are
stable.

A useful weaning predictor may be the rapid shallow breathing index. This
measure is determined by identifying the ratio of the breathing frequency (f) to
the tidal volume (Vt) during spontaneous breathing without pressure support.
Values below 105 breaths/min/L appear to be strong indicators that weaning will

be successful.
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Robert L. Wilkins, PhD, RRT, FAARC
Philip M. Gold, MD, MACP, FCCP

CHAPTER OBJECTIVES:

After reading this chapter you will be able to state or identify the following:

B The definition of asthma and status asthmaticus.

The potential causes of asthma attacks.

The effect of asthma attacks on lung function.

The clinical features of patients having an asthma attack.

The treatment of acute asthma including medications and indications for mechanical
ventilation.

® The prognosis of patients with asthma.

INTRODUCTION

Asthma is an obstructive pulmonary disease characterized by diffuse airway inflammation
and narrowing that occurs in response to various stimuli. An important feature of asthma is
that the airway obstruction is entirely or partly reversible. In fact, between episodes patients
often have no symptoms and their pulmonary function may be normal. In addition to the
bronchospasm and airway inflammation, the asthmatic patient may also have excessive air-
way secretions. The combination of these features can lead to severe airway obstruction and
death if appropriate treatment is not given.

A variety of terms are used in association with caring for the asthmatic patient.
When the patient has an asthma attack that does not respond to conventional treatment,
the condition is called status asthmaticus. Occupational asthma is the term used to
describe bronchospasm that occurs in response to a provoking agent or agents in the
work place. Typically individuals with occupational
asthma are initially asymptomatic during periods of
time away from work. With time, asthmatic symp-
toms persist away from the workplace. Stable
asthma is present when a period of 4 weeks has
passed during which an asthma-prone patient has
had no i_ncreas_e ir_1 symptoms or no need for an bronchospasm that occur in
increase in medication. Conversely, unstable asthma response to various stimuli.
is present when a patient experiences increasing Between attacks, the
symptoms.

Because the definition of asthma is not
standardized and the methods of diagnosing asthma

Asthma is a chronic
obstructive pulmonary
disease characterized by
attacks of diffuse airway
inflammation and

asthmatic often has normal
lung fuction.
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often vary from one report to the next, the exact incidence of asthma in the United
States and around the world is not known. In the United States the prevalence of asthma
is believed to be between 3% and 5% and appears to be increasing, especially in young
people, certain ethnic groups, and the poor.>? The incidence appears to have been
increasing in recent years for unknown reasons. In addition, the death rate from asthma
is on the increase, particularly among African Americans.® The difference in death rates
related to race and ethnicity may be related to access to health care and socioeconomic
factors.
ETIOLOGY
The pathogenesis of asthma is incompletely understood. Why some patients develop
asthma while others in the same family do not is a mystery. Genetics obviously plays an
important role, and those born with atopy (allergic to specific allergens) are highly prone to
develop asthma symptoms. Although the pathogenesis of asthma is not known, much is
known about the triggers of asthma attacks.
In many cases of asthma a specific provoking
situation is linked to the onset of asthma attacks, and
J'he most common trigger of thus terms such as exercise-induced asthma or pollen
asthma attacks is infection. asthma are frequently used. Patients with allergic asthma
Other triggers include often have attacks provoked by many different allergens,
exercise, dust, pollens, air including house dust mites, animal dander, and certain
pollution, and cold air. foods or food additives (e.g., sulfites). In addition to
Identifying the triggers for allergens, asthma attacks can be provoked by pharmaco-
each patient and the logical agents (e.g., beta-adrenoceptor antagonists,
avoidance of these triggers aspirin), air pollutants (e.g., sulfur dioxide, oxidants),
are important features of exercise, cigarette smoke, and airway infections. Viral
the best treatment plan. infection of the respiratory tract is one of the most com-
mon triggers of asthma attacks.
PATHOPHYSIOLOGY

The combination of bronchospasm, mucus plugging, and mucosal edema leads to
increased airways resistance (Fig. 3.1). Not all airways are affected to the same degree.
The lack of uniform ventilation throughout the lung causes ventilation-perfusion (MQ)
mismatching, which results in hypoxemia. Pulmonary
vascular resistance increases as a result of the

Asthmatics usually have hypoxemia.
mucus plugging and air Initially airway obstruction primarily affects
trapping during attacks. This exhalation. This results in air trapping and progressive
leads to a progressive hyperinflation of the lungs. With air trapping residual
increase in the work of volume increases at the expense of the vital capacity.
breathing and fatigue of the The combination of increased airway resistance and
breathing muscles if not lung hyperinflation significantly increases the work of
reversed. breathing. Patients with a high work of breathing may
experience respiratory muscle fatigue if the obstruction
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Spasm of
smooth muscle

Mucosal edema

Retained
secretions

FIGURE 3.1 (A) Cross-sectional view of a normal airway. (B) Cross-sectional
view of the airway of a patient with asthma. A combination of airway secretions,
edema, and bronchospasm contribute to a reduction in the airway diameter.

persists. Patients with poor nutrition are more likely to experience fatigue of the breathing
muscles and subsequent ventilatory failure.

CLINICAL FEATURES
History

Typically a patient having an acute asthma attack will complain of one or more of the fol-
lowing: chest tightness, difficulty breathing, wheezing, and coughing. The onset of these
symptoms may be rapid or relatively slow. Often when the symptoms have a rapid onset,
they may disappear rapidly with appropriate treatment. Although some idea of the serious-
ness of an asthma attack can be determined from the history, the degree of dyspnea is not a
reliable predictor of severity. The interviewer should ask the patient about recent exacerba-
tions, their severity, and their response to therapy.

Although dyspnea and wheezing are suggestive of asthma, disorders such as con-
gestive heart failure, bronchitis, pulmonary embolism, and upper airway obstruction can
cause similar symptoms. In most cases the patient’s age, medical history, physical findings,
radiographic studies, and laboratory tests will confirm the diagnosis.

Physical Examination

Physical examination of the asthmatic provides important objective information that will assist
in confirming the diagnosis and identifying the severity of the obstruction. Inadequate assess-
ment of the patient’s status can be a fatal mistake because it can result in insufficient treatment
and monitoring. Common findings associated with asthma include tachypnea, use of accessory
muscles of breathing, prolonged exhalation, increased anteroposterior diameter of the chest,
expiratory polyphonic wheezing, diaphoresis, and intercostal retractions. Severe asthma is
suggested by pronounced use of accessory muscles,
abnormal sensorium, paradoxical pulse, tachypnea, A critical clinical finding to
inability to speak, and wheezing on inhalation and | monitor in the patient
exhalation. Additional signs of fatigue include decreas- | having an asthma attack is
ing peak flow, diaphoresis, and abdominal paradoX. | the sensorium. When
Abdominal paradox is seen as an inward movement of | sepsorium deteriorates, the
the abdominal wall during inspiration and is associated | patient is in trouble.

with fatigue of the diaphragm (see Chapter 1).
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Accessory Muscle Use
Accessory muscles of breathing are used because of increased work of breathing. In addi-
tion, pulmonary hyperinflation causes the diaphragm to assume a flat position, placing that
muscle at a mechanical disadvantage. A prolonged expiratory phase occurs as the intrapul-
monary airways become obstructed and slow the movement of gas out of the lungs.
Increased anteroposterior diameter occurs when air trapping and pulmonary hyperinflation
are present. Polyphonic wheezing is produced as rapid airflow occurs through narrowed air-
ways, resulting in vibration of the airway walls. Retractions are seen as intermittent depres-
sions of the intercostal spaces with each inspiratory effort. Retractions result when a sig-
nificant drop in intrapleural pressure causes the chest wall to sink inward. This suggests that
the patient’s work of breathing is markedly increased. The significant drop in intrapleural
pressure is also responsible for the fall in pulse pressure during inspiration (paradoxical
pulse).

It is not uncommon to see patients lean forward and brace their hands or elbows
on a nearby table during an acute asthma attack. This is called the tripod position and it
may improve the mechanical advantage of the accessory muscles.

Chest Radiograph

A chest radiograph is helpful for identifying the presence of complications such as pneu-
monia, atelectasis, or pneumothorax. The use of chest radiographs to evaluate routine
asthma attacks, however, is not recommended. In the absence of complications, a chest
radiograph is often normal or may demonstrate hyperinflation of the lung fields.

Pulmonary Function Studies

Complete pulmonary function studies should not be done when the patient is having an
acute asthma attack. Simple bedside spirometry, however, is appropriate and very useful in
determining the severity of obstruction and the response to therapy. Measurement of peak
flow and forced expiratory volume in one second (FEV;) are commonly used and easy to
obtain unless the patient has severe dyspnea. A peak flow of less than 100 liters/minute or
an FEV, of less than 1.0 liter in an adult suggests severe obstruction.

Bronchial provocation testing is useful in identifying the degree of airway reac-
tivity in patients whose symptoms are typical of asthma but who have normal pulmonary
function studies. Methacholine is most often used for bronchial provocation testing
because it increases parasympathetic tone in the smooth muscles of the airways, resulting
in bronchospasm. Asthmatics will have a greater than 20% decrease in FEV/, in response to
methacholine, whereas normal subjects have little or no response.

Arterial Blood Gases

Arterial blood gases (ABGs) are extremely useful for assessing the severity of an
asthma attack, especially when the bronchospasm is severe enough to prevent the
patient from performing a forced expiratory maneuver. The degree of hypoxemia and
hypercapnia present are reliable indicators of the severity of the airway obstruction.
Typically the Paco, is decreased with the onset of an asthma attack. A normal or
increased Paco, suggests a more severe degree of obstruction and/or respiratory muscle
fatigue.

An important goal of assessment in acute asthma is an efficient evaluation. Most
asthmatic patients need immediate care, and an experienced clinician will perform an
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efficient yet effective assessment without delaying the
onset of treatment. Avoiding unnecessary evaluation
tools is an essential part of any assessment, especially
when the patient is acutely ill.

A rising Paco, is a sign of
impending respiratory failure
and suggests the potential
need for ventilatory
assistance.

TREATMENT

Initially the clinician should direct treatment toward achieving adequate oxygenation, pro-
viding bronchodilators, and decreasing airway inflammation. The majority of patients hav-
ing an acute asthma attack become hypoxemic as a result of VVQ mismatching. In some
cases the hypoxemia will be severe enough to represent a serious threat to the patient’s life,
but it can almost always be corrected with appropriate oxygen therapy.

Pharmacological Agents

Numerous pharmacological agents are available to promote bronchodilation and reduce
airway inflammation. These include beta-adrenergics, parasympatholytics, and cortico-
steroids. In the majority of mild cases, bronchospasm can be reversed by use of an
aerosolized beta-adrenergic agent such as albuterol. Inhaled beta-agonist bronchodilators
offer the following advantages over oral bronchodilators: a more rapid onset of action,
lower dosage requirements, a lower incidence of systemic side effects, and better protection
of the airways against provoking agents.

Albuterol is a popular bronchodilator used for the treatment of acute asthma
attacks. It is available in a solution for small-volume nebulizer (SVN) treatments and as a
metered-dose inhaler. The metered-dose inhaler (MDI) is a popular route for administering
bronchodilators because it is simple for patients to use and it is an efficient way to deliver
the medication. The MDI should be used with a spacer in place to reduce the deposition of
medication in the oropharynx.* An MDI with a spacer has been shown to be effective in
young children (<14 years) with asthma.®

Aerosolized bronchodilator treatments with an
SVN are useful for patients who are unable to use MDIs
and for administration during life-threatening episodes.
The SVN treatments are usually given every 3 to 6
hours, but during severe bronchospasm they may be
provided 20 minutes apart for three treatments as long
as the patient is monitored carefully. Continuous nebulization therapy for the administration
of bronchodilator may prove useful when the asthmatic does not respond to conventional
therapy. Continuous nebulization therapy is usually given in the intensive care unit (ICU) or
emergency room. With this technique 10 mg of albuterol is nebulized over one hour.

During an acute, severe asthma attack, if the patient fails to respond adequately to
inhaled beta-agonists, intravenous (1V) corticosteroids are added to the treatment plan. The
anti-inflammatory effects of corticosteroids may take several hours to cause beneficial
results when given intravenously. A large dose (500 mg) of methylprednisolone offers no
advantage over a more conservative dose (100 mg) in the emergency department treatment
of acute asthma. Use of corticosteroids early in the treatment of an acute episode may
reduce the need for hospitalization. Oral prednisone (60 to 80 mg) provides therapeutic
blood levels in about 1 hour and should be considered when a more rapid response is less
critical.

A dministration of beta-
adrenergics such as albuterol
is the first step in the
treatment of asthma attacks.
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IV aminophylline is not considered in the initial treatment of acute asthma in the
emergency room or outpatient clinic due to the high incidence of adverse effects.

Anticholinergics such as ipratropium (Atrovent) have also been used in the man-
agement of bronchospasm. The combination of anticholinergic therapy and beta-agonists is
safe and may be more effective than either drug alone. Research on this approach has
shown mixed results.

Heliox, a low-density mixture of helium and
oxygen, has been administered to patients with severe,

P atients having an asthma acute asthma to lower the work of breathing. Current

attack who do not respond data do not suggest a clinical benefit to this mode of

promptly to beta agonists treatment.

can be given corticosteroids Magnesium sulfate relaxes smooth muscle

and anticholinergics as and has been shown to produce rapid reversal of bron-

second and third options. chospasm in some patients with severe asthma. It is
not considered standard care in the treatment of
asthma.

Clinicians should avoid giving asthmatics certain medications during an acute
asthma attack. Sedatives can induce ventilatory failure and should be given with caution
unless the patient is intubated and being mechanically ventilated. Inhaled corticosteroids,
acetylcysteine (Mucomyst), cromolyn sodium, and dense aerosols may increase bron-
chospasm, since these agents tend to be irritating to the airways.

Favorable prognostic signs include improvement in the vital signs, Pao,, Paco,,
breath sounds, sensorium, and breathing pattern. Since any one of these parameters can be
misleading by itself, it is important to perform a thorough assessment to obtain a more
accurate clinical picture of the patient’s response to therapy.

Anti-1gE Antibodies

A new strategy for the treatment of asthma involves the use of Anti-IgE antibodies. Anti-1gE
therapy shows promise because immunoglobulin E (IgE) plays a central role in the pathogen-
esis of allergic diseases such as asthma. An antibody (omalizumab) that binds IgE with high
affinity appears useful in reducing allergic responses to inhaled allergens. Clinical trials
examining the effectiveness of omalizumab (Xolair) have shown that subcutaneous injections
reduce the number of exacerbations in steroid-dependent asthmatics.® Additionally, the use of
Xolair allows patients to reduce their use of corticosteroids and improves their overall quality
of life.%” This medication does not appear to be effective when given via aerosol. The cost of
Xolair exceeds that of other treatments and is estimated at $10,000 to $12,000 per year.

Mechanical \Ventilation

If the patient becomes fatigued despite treatment, mechanical ventilation will be necessary.
Although not every acute asthmatic patient with respiratory acidosis requires intubation
and mechanical ventilation, a rising Pco, despite aggressive therapy is strong evidence that
the patient is in serious respiratory distress and needs breathing assistance. The decision to
intubate and mechanically ventilate the patient can be difficult, especially when the clinical
findings are not convincing (Table 3.1). The physical findings, ABGs, and peak flow param-
eters provide the most reliable data for evaluating the need for mechanical ventilation.
Patients with a history of steroid dependence and prior intubation are at greater risk for res-
piratory failure and the need for intubation.®

Once it is decided to intubate and begin mechanical ventilation, the patient must be
sedated. Sedation improves patient comfort and reduces oxygen consumption during
mechanical ventilation. Ventilator management of the severe asthmatic can be challenging
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Table 3.1 Decision Making in Asthma

Admit Patient?
Yes, if:

How to Recognize

The attack is severe

The patient does not respond
to initial therapy

Use of accessory muscles at rest

Paradoxic pulse present

Inspiratory and expiratory wheezing present

Peak flow is <100 L/min

FEV, <1.0L

Significant hyperinflation noted on chest radiograph
Vital signs not improving

Continued use of accessory muscles

Pao, responds minimally to O, therapy

Intubate and Initiate CMV?
Yes, if:

How to Recognize

The patient fatigues

Respiratory failure present

Cardiac arrest occurs

Paco, rising

Sensorium deteriorates

Abdominal paradox present

Peak flow decreasing

Hypoxemia is present despite high Fio,
Severe respiratory acidemia (pH 7.25) occurs
Central cyanosis

Pulse and respiratory effort absent

Pallor

Patient becomes unconscious

because of the high risk of air trapping and barotrauma. For this reason, choose ventilator set-
tings that result in a low minute ventilation to allow maximum time for exhalation and mini-
mize air trapping. This may result in Paco, elevation, but the benefit of avoiding barotrauma

outweighs the risk of mild acidosis. This strategy of
allowing the Paco, to increase above 45 mm Hg to
avoid barotrauma during mechanical ventilation is
called permissive hypercapnia.® In general, ventilate
the asthmatic with a tidal volume <8 mL/kg, a rate of
8 to 12 breaths/minute, and an inspiratory flow of 80
to 100 mL/minute. In addition, keep the plateau pres-
sure below 35 cm H,0.%° These strategies help reduce
the incidence of air trapping and trauma to the lung.

Most asthmatics who are mechanically ven-
tilated can be weaned within a few days. Weaning
can begin when airway resistance returns to near-
normal. Weaning is often quick in asthmatics
because the airway obstruction is reversible.

Prevention

T'he use of mechanical
ventilation in asthmatics is
very challenging. Air
trapping and auto-PEEP
(positive end-expiratory
pressure) are common
complications that can lead
to barotraumas, hypotension,
and death. The use of small
tidal volumes, low rates, and
permissive hypercapnia is
helpful.

The ultimate goal in the management of asthma is to prevent or at least minimize future
attacks by decreasing the level of airway responsiveness. Consequently, once the episode is
over and the patient has recovered, assess the severity of the underlying asthma with a careful
history, pulmonary function testing, and in selected cases, investigations of provoking agents
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Box 3.1 Asthma Education

Asthma education is a vital part of comprehensive management of asthmatic patients.
Respiratory therapists (RTs) are excellent candidates to provide asthma education to individual
patients or to groups of asthmatics as part of a community education program. RTs have a
strong background in diseases of the chest such as asthma and are well trained in the
equipment associated with asthma treatment. RTs can become certified by the national asthma
education certification board (NAECB) by taking and passing a written test on asthma. An RT
who passes the exam receives the AE-C credential, which indicates the person is certified in
asthma education. The American Association for Respiratory Care provides education programs
that prepare candidates for the NAECB examination.

(e.g., in suspected occupational asthma). Educate patients regarding the avoidance of pro-
voking agents, use of medications, and medication side effects, thus enabling them to enjoy
an active, independent lifestyle. Cromolyn sodium is helpful in stabilizing the mast cells to
prevent the release of mediators, such as histamine, that can cause bronchospasm. Train the
patient to use a peak flowmeter to monitor the degree of airway obstruction; such training
allows patients to know when to increase their medication and when they need to seek med-
ical attention (Box 3.1).

PROGNOSIS

The prognosis is excellent for the asthmatic who responds well to conventional treatment.
It is not as good for the asthmatic patient who experiences respiratory failure and the need
for mechanical ventilation. Long-term mortality rates are significantly higher for these
patients.!! The adverse prognosis for this subgroup of asthmatics is probably related to the
greater severity of the disease. This group of asthmatics requires close follow-up and edu-
cation to minimize the risk of future episodes of respiratory failure.

Adult patients with asthma appear to be at greater risk for developing chronic
bronchitis and emphysema later in life.*? This is true even after adjusting for smoking his-
tory and other potential associated risk factors.

HISTORY

Ms. B is a 19-year-old bareback-bronco rider seen in the emergency department because of
shortness of breath. Her dyspnea began during a particularly hard ride, which culminated in
modest dust inhalation on the rodeo floor. She states that the tightness in her chest and
shortness of breath were so severe that she had to eventually leave the rodeo and seek
medical help. She is now very uncomfortable, even at rest. During the past week she has
had a cough productive of greenish yellow sputum, mild fever, malaise, and fatigue, but she
did not feel seriously ill until the onset of dyspnea at the rodeo earlier in the day. She
denies previous lung problems except for mild “whistling” in her chest, which has occurred
off and on during the past several years. She denies the use of any prescription medications
and any previous episodes of dyspnea, chest pain, leg pain, hemoptysis, sinusitis, or aller-
gies. Her family history is negative for lung disease.
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QUESTIONS ANSWERS
1. What is the key symptom to The key symptom is dyspnea. Ms. B should be
explore in greater detail? questioned to evaluate the severity of the dyspnea

because this determines the urgency with which
further evaluation and treatment should be

pursued.

2. What are the differential Asthma, acute bronchitis, congestive heart failure,
diagnoses of this patient's flu syndrome, pneumothorax, pulmonary embolus,
problem, and what is the most and psychogenic dyspnea are the differential
likely diagnosis? diagnoses. Asthma exacerbated by acute bronchitis

is the most likely diagnosis.

3. What details should the physical ~ The physical examination should be directed
examination identify? toward identifying (1) signs that confirm or rule
out the differential diagnoses and (2) the severity
of the airway obstruction (see later in the chapter).

4. Why is Ms. B having trouble Ms. B is having trouble now because she has expe-
now rather than 2 months ago?  rienced the triple airway insults of respiratory tract
infection, allergen (dust) inhalation, and recent
severe exertion.

“ﬁ More on Ms. B

PHYSICAL EXAMINATION

e General. Ms. B is alert but restless and in moderate respiratory distress. She is mildly
diaphoretic, sitting up on the edge of the bed leaning forward with her arms braced on
her knees; she has a frequent cough, productive of small amounts of greenish sputum

e Vital Signs. Temperature 37.5°C (99.5°F), respiratory rate 38/minute, blood pressure
170/95 mm Hg, heart rate 140/minute, paradoxical pulse 25 mm Hg

e HEENT. Sinuses are not tender to palpation; there are no nasal polyps; the alae nasii flare
with inspiration

e Heart. Regular rhythm at 140/minute; no murmurs, gallops, or rubs; point of maximum
impulse in normal position

¢ Neck. Trachea is midline and mobile to palpation; no stridor; carotid pulsations are nor-
mal and symmetrical bilaterally with no bruit; no lymphadenopathy, thyromegaly, or
jugular venous distention; sternocleidomastoid muscles tensed during inspiration

® Chest. Increased anteroposterior diameter with decreased expansion during breathing;
resonance to percussion moderately increased bilaterally; mild abdominal paradox with
respiratory efforts

® Lungs. Rapid respiratory rate with prolonged expiratory phase and polyphonic wheezing
heard over entire chest during inhalation and exhalation (Fig. 3.2)

e Abdomen. Soft, nontender; bowel sounds present; no masses or organomegaly

e Extremities. No clubbing, cyanosis, or edema; pulses normal and symmetrical in all areas
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Wheeze/Stridor

FIGURE 3.2 Waveform analysis demonstrating an inspiratory and expiratory high-pitched
wheeze. Time is represented on the horizontal axis and intensity (loudness) on the vertical axis.
The pitch is indicated by the number of deflections per time period. Each horizontal line repre-
sents 0.34 second. (Reprinted from Respir Care 35:969, 1990, with permission.)

QUESTIONS

ANSWERS

5. What is causing Ms. B's
wheezing?

6. What is causing the paradoxical
pulse, and what is the signifi-
cance of this finding?

7. What is the cause and signifi-
cance of the accessory muscle
use?

8. What is the cause and signifi-
cance of the paradoxical
breathing pattern?

Wheezing is caused by a decreased airway diameter,
which is the result of bronchospasm, airway edema,
and secretions. Rapid airflow through the partial
obstruction causes the airway walls to “flutter,” much
like the reed in a musical instrument. It is important
to note that relatively rapid airflow is needed to
cause the flutter effect, and wheezing stops when a
patient fatigues to the point where airflow is no
longer rapid enough to vibrate the airway wall.

Paradoxical pulse (variation of the systolic pressure
by greater than 10 mm Hg because of breathing
efforts) can be caused by wide swings in intratho-
racic pressure or by cardiac tamponade. In this case,
the airway obstruction requires vigorous respiratory
muscle effort that causes large changes in intratho-
racic pressure. Although this finding has been shown
to occur in more severe cases of asthma, its absence
does not preclude severe airway obstruction.

Accessory muscle use occurs when the lung hyper-
inflation associated with asthma causes the
diaphragm to become flattened and therefore less
effective. Retraction of the sternocleidomastoid is a
reliable sign of severe airway obstruction.

The paradoxical breathing pattern is a sign of
diaphragmatic fatigue. It is recognized by noting
inward movement of the abdomen during inspira-
tion. Normally diaphragm contraction pushes the
abdominal contents downward and the anterior
abdominal wall out during inspiration. Fatigue of
the diaphragm allows it to be “sucked" upward into
the chest when the accessory muscles create a
negative intrathoracic pressure during inspiration.
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9. Why do patients in respiratory Patients in respiratory distress who have developed
distress lean forward and brace diaphragmatic fatigue lean forward and brace their
their hands or elbows and what ~ arms or elbows to stabilize the shoulder girdle and
is this called? to provide a better mechanical advantage for the

accessory respiratory muscles. This is called the
tripod position.

10. What pathophysiology accounts ~ The increased anteroposterior diameter is caused
for Ms. B's increased anteropos- by air trapping that occurs when partial airway

terior diameter? obstruction is present in the medium to small
bronchi.
11. Does the physical examination Although cyanosis is not present, clues that suggest
provide evidence that hypox- hypoxemia include tachycardia, tachypnea,

emia is present, and if so what diaphoresis, and restlessness.
are the signs?

More on Ms. B

LABORATORY EVALUATION
Chest Radiograph. Moderate hyperexpansion with no evidence of infiltrates (Fig. 3.3)
ABGs. pH 7.38, Paco, 43 mm Hg, Pao, 49 mm Hg on room air

Spirometry: FEV, = 1.5 liters (27% of predicted); Peak flow = 140 liters/minute;
FVC = 2.1 liters (40% of predicted)

Hematology: Results pending

FIGURE 3.3 (A) Anteroposterior (AP) chest film of Ms. B. (B) Lateral view, showing increased AP diameter and
low, flat diaphragm.
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QUESTIONS

ANSWERS

12. How would you interpret the
ABGs and spirometry results?

13. What treatment should be
planned?

14. What are the possible medication
side effects?

15. Should you leave Ms. B to care
for other patients while you are
waiting for other test results?

The ABG results suggest that Ms. B is tiring
because the Paco, is now in the upper limits of
normal. In most cases of asthma the Paco, is low
until the patient becomes fatigued. The Pao, of
49 mm Hg indicates moderate hypoxemia on room
air. These ABG results would strongly suggest the
need for mechanical ventilation if Ms. B had been
on maximum treatment before the arterial sample
was obtained. The spirometry results are consis-
tent with obstructive lung diseases such as
asthma. The peak flow of 140 liters/minute and
FEV, of 1.5 liters indicate moderate obstruction.
The significant reduction in the forced vital
capacity (FVC) indicates air trapping, which is
most likely in this case (but could also indicate
restrictive lung disease).

Treatment should include oxygen, aerosolized and
IV bronchodilators, antibiotics, and hydration.
Oxygen should be started at 4 to 6 liters/minute
via nasal cannula or at 40% by entrainment mask
and should be adjusted to keep the arterial oxy-
gen saturation (Sao,) greater than 90% (or the
Pao, in the 60 to 80 mm Hg range). A beta,-
adrenergic bronchodilator should be administered.
This is typically accomplished by administering
aerosolized albuterol or other beta,-specific
bronchodilators by an MDI or SVN. High-dose
parenteral corticosteroids should be started if
the patient fails to respond promptly to beta,-
adrenergic bronchodilators. IV fluids are given to
establish optimal thinning of airway secretions.
Antibiotics may be needed to treat an upper
respiratory tract infection if there is evidence of a
bacterial infection (e.g., purulent sputum with
numerous pus cells).

The bronchodilator can cause tachycardia, tremor,
nausea, and dysrhythmias. Oxygen therapy is not
likely to cause any side effects since most asthmat-
ics are not CO, retainers and do not depend on
their hypoxic drive.

This patient should not be left unattended for any
reason. Ms. B needs close monitoring and evalua-
tion, since respiratory failure could occur at any
moment.
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16.

17. How would you evaluate Ms. B's

18.

19.

20.

Should you admit Ms. B to the
hospital?

response to therapy?

What therapies should be
avoided in this patient?

If Ms. B fails to improve with
conventional bronchodilators
and corticosteroids, what other
medication should be added to
the treatment regimen?

When should mechanical venti-
lation be considered?

Prognosis 63

Unless Ms. B improves dramatically with treat-
ment in the emergency room, she should be
admitted to the ICU. If she improves significantly
in the emergency department, she could be
admitted to a non-ICU service for treatment and
observation (see Table 3.1).

The same techniques used for the initial assessment
should be used to evaluate Ms. B's response to
therapy. Sensorium is an important parameter to
monitor because it will help evaluate the patient's
condition and her ability to cooperate with treat-
ment. Other physical examination findings, such as
the degree of accessory muscle usage and the vital
signs can be very useful. Simple spirometry tests
such as the FEV;, peak flow, or both can provide
objective data regarding the course of recovery.
ABGs should be obtained when the physical exami-
nation findings suggest a change in the patient's
status.

In this patient, sedatives, inhaled corticosteroids,
cromolyn sodium, acetylcysteine, and dense
aerosols should be avoided. In the presence of air-
way obstruction, cromolyn sodium can be added to
the treatment plan once bronchodilator therapy has
stabilized lung function. If this patient had pre-
sented with a history of hypertension, she might
have been given a beta-adrenergic antagonist (e.g.,
Inderal), which increases bronchospasm. In such a
case, a trial of calcium channel blockers to treat the
hypertension would be better since they do not
increase airway resistance.

Inhaled ipratropium bromide or atropine could be
added to her treatment plan if the more conven-
tional bronchodilators are not effective. The effects
of atropine are additive to those of the adrenergic
agonists.

Mechanical ventilation should be considered if
Ms. B's mental status deteriorates significantly,
especially if this is associated with a rising Paco,
(see Table 3.1) despite bronchodilator and oxygen
therapy. Once mechanical ventilation is started,
sedation can be used to make Ms. B more com-
fortable. Since she is alert and since treatment has
not been initiated, mechanical ventilation is not
yet mandatory.
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In the emergency department Ms. B is started on oxygen via nasal cannula at 4 liters/
minute. This results in an improvement in oxygen saturation from 87% to 97% as
obtained by pulse oximetry. An IV line is established to deliver steroids, fluids, and
antibiotics. Additionally, an SVN treatment with 0.3 to 0.5 mL albuterol diluted in 3 mL
saline is provided.

Although this treatment results in improvement in Ms. B's dyspnea, her peak flow
improves only slightly (150 liters/minute), and Ms. B continues to use her accessory
muscles heavily to breathe. Based on the minimal improvement 1 hour after the initia-
tion of bronchodilator therapy, it is decided to admit her for further care and close
observation.

Ms. B is admitted to the respiratory ICU, where oxygen therapy, steroids, and fluids are
given. The nebulized albuterol treatment is repeated. Ninety minutes after admission to the
ICU, ABGs reveal the following: pH 7.43, Paco, 36 mm Hg, Pao, 84 mm Hg, and HCO,

25 mEq/liter. Peak flow measurement at this point is 145 liters/minute. The clinical exami-
nation reveals polyphonic wheezing throughout exhalation, normal sensorium, a respiratory
rate of 32/minute, and a pulse rate of 126/minute. Because Ms. B is responding minimally
to the aerosolized bronchodilator, the attending physician starts IV methylprednisolone
with a bolus of 30 mg to be repeated every 4 to 6 hours. The Gram stain reveals numerous
pus cells and gram-positive organisms.

QUESTIONS ANSWERS
21. Should the use of methylpred- The use of IV corticosteroids is not expected to
nisolone result in rapid result in rapid improvement in Ms. B's airway
improvement in Ms. B's airway obstruction. In most cases, 4 to 6 hours is needed
obstruction? before significant improvement in peak flow or
FEV, can be expected with the use of cortico-
steroids.
22. What are the potential side The potential systemic side effects of high-dose
effects of steroids? oral corticosteroids taken for prolonged periods of

time are significant, including depletion of bone
calcium, impairment of immunologic response,
increased fat cell production and deposition in the
subcutaneous tissues of the neck and trunk, weight
gain, hypertension, and glucose intolerance. With
the use of aerosolized corticosteroids, candidiasis
(oral thrush) and dysphonia can occur. Since the
patient in this case is expected to need only a short
course of IV steroids these side effects are not a
concern.
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23. Is this patient a candidate for This patient could be a candidate for continuous
continuous nebulization of nebulization therapy for the administration of
bronchodilator? aerosolized bronchodilator. This therapy has been

shown to be safe and effective for the treatment of
acute asthma in children and adults. Continuous
bronchodilator nebulization has been suggested as
a treatment alternative to intermittent therapy
because the continuous administration could allow
more optimal delivery of the nebulized medication.
Prolonged inhalation should promote better
distribution of the aerosolized drug and a more
consistent topical administration of the bron-
chodilator to the bronchial smooth muscle. To avoid
toxic side effects, a more dilute solution of the
medication should be used such that the dose typi-
cally given in a 15-minute treatment is nebulized
over a 1-hour period. Bronchodilators that have
more specific b, response, such as terbutaline and
salbutamol, are recommended to avoid cardiac side
effects (e.g., tachycardia, palpitations). Continuous
nebulization therapy may be initiated in asthmatics
with impending respiratory failure who are not
responding optimally to conventional therapy. More
studies are needed to identify the role of this ther-
apy in severe cases of asthma and the exact criteria

for its use.
24. Are any favorable prognostic The improvement in Pao, and Paco, are favorable
signs present at this point? prognostic signs.

“A Ms. B Conclusion
"\

Over the next 24 hours, Ms. B steadily improves. Peak flow improves to 220 liters/minute
the next day and her vital signs return to near-normal. Wheezing improves and is heard
only during the latter half of exhalation. The use of accessory muscles is minimal at this
point. Ms. B is transferred to the general floor for maintenance therapy and evaluation of
prophylactic therapy.

The remainder of Ms. B's hospital stay is uneventful, and she is discharged 3 days later
with a follow-up outpatient appointment in 2 weeks. Ms. B is discharged on oral antibiotics
and fluticosone/solmeterol diskus and with an albuterol MDI rescue inhaler. She is coun-
seled on how to avoid dust inhalation, how to recognize and what to do in response to
respiratory infections, and how to use the MDI. She is advised to use the MDI and diskus
before performing any heavy exercise. M
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» Asthma is a chronic obstructive pulmonary disease characterized by diffuse airway
inflammation and bronchospasm that occurs in response to various stimuli. A key
feature of asthma is that the airway obstruction is entirely or partly reversible.

» When a patient has an asthma attack that does not respond to conventional treatment,
the condition is called status asthmaticus.

« In addition to allergens, asthma attacks can be provoked by pharmacological agents
(e.g., beta-adrenoceptor antagonists, aspirin), by air pollutants (e.g., sulfur dioxide,
oxidants), exercise, cigarette smoke, and airway infections. Infection of the airways
represents one of the most common triggers of asthma attacks.

« Asthma attacks cause a lack of uniform ventilation and VVQ mismatching. In addi-
tion, the high airway resistance causes a high work of breathing and fatigue of the
muscles of breathing.

« Clinical features of asthma include dyspnea, cough, tachypnea, wheezing, use of
accessory muscles to breathe, and a prolonged expiratory time. Severe asthma causes
inspiratory and expiratory wheezing, abnormal sensorium, heavy use of accessory
muscles, and paradoxical pulse.

* ABGs reveal respiratory alkalosis with moderate hypoxemia in most cases.
Respiratory acidosis occurs when fatigue of the inspiratory muscles is present.

* The chest radiograph in asthma shows hyperinflation. Pulmonary function tests show
reduced expiratory flows that improve with bronchodilators.

* In the majority of mild cases, bronchospasm can be reversed by use of an aerosolized
beta-adrenergic such as albuterol.

 During an acute, severe asthma attack, if the patient fails to respond adequately to
inhaled beta-agonists, IV corticosteroids can be added to the treatment plan.

« Anticholinergics such as ipratropium (Atrovent) constitute a third therapeutic option
after beta-agonists and corticosteroids.

« |f the patient becomes fatigued despite treatment, mechanical ventilation will be nec-
essary.

* In general, ventilate the asthmatic with a tidal volume <8 mL/kg, a rate of 8 to 12
breaths/minute, and an inspiratory flow of 80 to 100 mL/minute In addition, keep the
plateau pressure below 35 cm H,0.%°

* The prognosis is excellent for the asthmatic who responds well to conventional treat-
ment. It is not as good for the asthmatic patient who experiences respiratory failure
and the need for mechanical ventilation. Long-term mortality rates are significantly
higher for these patients.!!
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Chronic Obstructive
Pulmonary Disease
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CHAPTER OBJECTIVES:

After reading this chapter you will be able to list or identify the following:

A definition of COPD.

The estimated incidence of COPD in the United States.

The factors associated with the onset of COPD.

The clinical features seen in patients with COPD.

The criteria for mild, moderate, and severe COPD.

How to manage the patient with mild, moderate, or severe COPD.

The treatment usually needed to treat an acute exacerbation of COPD.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is defined as a lung disease in which
the patient has progressive airflow limitation that is not completely reversible. The airflow
limitation is most often associated with an inflammatory response in the lungs from expo-
sure to noxious particles and gases over time. The progressive nature of COPD indicates
that the airflow limitation gets significantly worse from one year to the next, especially if
exposure to the offending agent continues. Initially the airflow limitation is not detected by
the patient but becomes a problem when exercise tolerance decreases to the point that
dyspnea interferes with daily activities. This usually occurs years after the initial decreases
in expiratory flow identified by spirometry.

The terms emphysema and chronic bronchitis (CB) are often used when dis-
cussing COPD because these two lung disorders combine to cause the symptoms and other
clinical features seen in patients with COPD. CB is characterized by excessive sputum pro-
duction for at least three months of the year for at least two consecutive years. Emphysema
is defined in pathological terms and refers to the destruction of gas exchange surfaces of the
lung (alveoli). A significant number of patients with COPD have an element of reversible
airway obstruction (asthma). Most patients with COPD have elements of CB, emphysema,
and asthma, while some have a preponderance of one or the other (Fig. 4.1).

The exact incidence of COPD is not known, and estimates are dependent on the
definition and criteria used. In 2000, a national survey estimated that about 10 million peo-
ple (6% of the U.S. population) had COPD.2 This survey asked participants if they have
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COPD.
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ever been told by a physician that they have chronic bronchitis or emphysema. The estimate
of incidence rises to over 20 million in other surveys when the criteria for the diagnosis of
COPD included patients with significant airflow limitation as seen on pulmonary function
studies.? This discrepancy suggests that COPD is significantly underdiagnosed.

In 2000, about 730,000 patients were hospi-
talized because of COPD, and an additional 2.5 million
hospitalized patients had COPD listed as a contributing
factor.? In the same year, patients with COPD made
more than 8 million visits to the doctor on an outpatient
basis, and another 1.4 million sought care through the
emergency department.® In addition, COPD is the
fourth leading cause of death in the United States with
more than 100,000 deaths occurring each year.? There
is no doubt that COPD represents a major cause of
morbidity and mortality in the United States and
around the world and will continue to do so for some
time. In addition, the economic burden of COPD on
individuals and societies is substantial.*

ETIOLOGY

he exact incidence of COPD
in the United States is not
known but it is probably
underestimated. Estimates
that use measures of
expiratory flow to define the
presence of COPD suggest
that more than 20 million
people in the United States
have COPD. The economic
burden of this disease is large.

Most cases of COPD are caused by a combination of exposure to noxious particles and
fumes and host factors. Noxious particles and gases include cigarette smoke, smog, occu-
pational dusts, and indoor pollutants. The risk of damage from any inhaled gas or particle
depends on the degree of exposure over time, the composition of the inhaled substance, and

the host’s ability to tolerate the offending agent.
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By far the most common noxious fumes and particles leading to COPD are those
associated with cigarette smoke. Individuals who smoke have a much higher incidence of
COPD, a larger decline in lung function over time, and a greater COPD mortality rate.
Cigarette smoke and exposure to occupational dusts and fumes act additively in increasing
a person’s risk of COPD.

The fact that some individuals smoke and do not develop COPD while others develop
advanced disease is most likely related to genetic (host) factors. This is illustrated by the obser-
vation that COPD tends to run in families. Individuals with a parent who has been diagnosed
with COPD are more likely to develop the disease, probably owing to a shared genetic risk.®

Pulmonary emphysema develops in some

patients with minimal or no smoking exposure as a
The most common factor result of an aPI deficiency. Normally the liver produces
leading to the onset of COPD | 200 to 400 mg/dL of alpha-protease inhibitor (aPl),
is cigarette smoking. which was previously called alpha;-antitrypsin. aPl
Although only about 15% to | pjays a role in inflammation and is mainly responsible
20% of smokers have been for the inactivation of neutrophil elastase, an enzyme
formally diagnosed with released from polymorphonuclear leukocytes (PMNs)
COPD, that figure is based that breaks down elastin during an inflammatory
on diagnosis by a physician response. Therefore, a deficiency in aPl results in elas-
and underestimates the true | tase.induced destruction of lung tissue, producing pan-
incidence. The percentage of lobular pulmonary emphysema. This occurs as a result
smokers with lung function of a genetically inherited homozygous trait that is pres-
impairment is much greater. ent in approximately 1% of emphysema patients, who

are initially symptomatic in the third to fourth decade of
life. There is also evidence that cigarette smoking exacerbates the problem encountered in aPl
deficiency. Homozygous aPI deficiency is also characterized by liver disease manifested as
hepatomegaly, cholestasis, and elevated liver enzymes in infancy.

CLINICAL FEATURES

History

The patient with COPD usually complains of cough, sputum production, and exertional
dsypnea. Cough and sputum production are especially common in the patient with a case
of COPD dominated by chronic bronchitis pathology. The excessive sputum production
and coughing is present owing to the hypertrophy and hyperactivity of the mucous glands
lining the airways. Cough and sputum production increase with the onset of acute infection.

The dyspnea associated with emphysema
usually progresses over time in such a way that increas-
ingly less exertion causes increasing dyspnea.
Eventually patients are unable to perform even simple
activities such as walking to the bathroom without hav-
ing to stop and catch their breath. In the rare patient
with significant COPD who has no smoking history,
aPI deficiency must be considered.

(Cough is the most common
symptom in patients with
COPD, but dyspnea is what
causes them to seek medical
help.

Physical Examination

The findings on physical examination vary widely and depend on the severity of the dis-
ease, the presence of acute exacerbations, and the degree to which CB or emphysema is
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present. Patients with mild disease and no acute problems (e.g., infection) have minimal
abnormalities on physical examination. In contrast, the patient with severe COPD who is
having an acute exacerbation has numerous abnormalities. The discussion below will focus
on the findings associated with moderate to severe COPD.

Patients with stable disease have normal vital signs and sensorium at rest.
Exacerbations usually cause an acute rise in heart rate and respiratory rate. If oxygenation
is compromised significantly, the patient may be confused and disoriented. An abnormal
sensorium is a sign of hypoxia and should alert the respiratory therapist (RT) to the need
for aggressive therapy.

The breathing pattern of the patient with COPD is often helpful in determining the
severity of the disease. Patients who breathe with a prolonged expiratory time and who use
their accessory muscles to breathe at rest have more advanced COPD. Severe hyperinfla-
tion of the lung leads to a low, flat diaphragm and may result in Hoover’s sign. This is seen
as inward movement of the lower lateral chest wall with each inspiration and occurs when
the diaphragm is pulling in from the sides rather than down from above. Hoover’s sign indi-
cates severe hyperinflation, and the patient is prone to diaphragm fatigue. Tripoding is also
common when acute exacerbations are present (see Chapter 3).

Auscultation may reveal a large variety of abnormal lung and heart sounds. The
patient with more severe emphysema will have diminished breath sounds throughout both
lungs. Early-inspiratory crackles are heard with more severe COPD and are produced by
the sudden opening of more proximal airways with each inspiratory effort. The crackles in
such cases are scanty. Expiratory wheezing is common, especially in the patient with
chronic bronchitis and during acute exacerbations.

Heart sounds may be difficult to hear, and the point of maximal impulse (PMI)
may shift to the epigastric area when severe hyperinflation is present. Pulmonary hyperten-
sion may be present when chronic hypoxemia is a problem. This results in loud closure of
the pulmonic valve and is known as a loud P,. Chronic pulmonary hypertension leads to
hypertrophy of the right ventricle. A heave may be felt at the lower right sternal border dur-
ing systole in such cases.

The digits may reveal clubbing in some patients with COPD (Fig. 4.2). Why some
patients develop this abnormality and others do not is not known. Its clinical significance is
also unknown.

FIGURE 4.2 Digital clubbing.
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The onset of cor pulmonale causes numerous
abnormalities that can be detected on the physical exam-
ination. The elevation of venous pressures leads to jugu-
lar venous distention (JVD), hepatomegaly, and pedal
edema. If pressure in the neck veins appears to increase
while the physician is pressing gently but firmly on the
liver (right upper quadrant of the patient’s abdomen), the
hepatojugular reflex is present. The presence of this
reflex is consistent with right heart failure.

Signs of severe COPD on
physical examination include
heavy use of accessory
muscles to breathe at rest,
diminished breath sounds in
all lung fields, and a
prolonged expiratory time.

Clinical Lab Data

The complete blood count may be normal or demonstrate leukocytosis when lung infection
is complicating the COPD patient. Polycythemia is common in the patient with chronic
hypoxemia, as this is the body’s attempt to compensate for low oxygen levels in the blood.
The electrolyte panel often shows a low chloride concentration when the COPD
patient has chronic respiratory acidosis. In addition, the total CO, is elevated in such cases,
indicating an elevation of the bicarbonate level as compensation for respiratory acidosis.
Sodium and potassium levels are often normal but can become abnormal when complicating
heart failure and fluid retention are present and the patient is being treated with diuretics.

Arterial Blood Gases

Avrterial blood gases (ABGSs) are an important part of evaluating the patient suspected of
having COPD. The results help determine the severity of the disease and guide treatment
such as oxygen therapy and mechanical ventilation when needed. Initially the ABG shows
mild to moderate hypoxemia with normal Paco, levels. As the disease progresses, the
hypoxemia worsens and the patient often begins to retain carbon dioxide when severe dis-
ease is present. In most patients, the hypercarbia occurs gradually and is easily compen-
sated for by renal elevation of bicarbonate. Acute exacerbations of COPD often cause more
abrupt hypercarbia and result in respiratory acidosis. The acute respiratory acidosis is often
reversed when appropriate treatment is applied.

The onset of metabolic problems can make

/ABG results in the COPD interpretation of the ABG difficult in the COPD
patient at rest do not patient and complicate treatment. For example, the
necessarily predict what onset of metabolic alkalosis superimposed on chronic
changes will occur with respiratory acidosis can be difficult to recognize
exercise or sleep. It is not because the serum bicarb is already elevated. In addi-
uncommon for hypoxemia to | tion, the metabolic alkalosis diminishes the patient’s
intensify during these two drive to breathe and may lead to worsening of the
physiologic changes. respiratory acidosis in the spontaneously breathing
patient.

Chest Radiograph

The chest radiograph findings vary widely from one case of COPD to the next. Patients
with minimal hyperinflation and mild to moderate disease often have a normal chest x-ray.
Severe hyperinflation causes a large retrosternal airspace as seen on the lateral film and low
flat diaphragm on the posterioanterior (PA) and lateral films (Fig. 4.3). A small narrow
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FIGURE 4.3 Chest radiograph of patient with COPD.
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heart is also evidence of severe hyperinflation. The patient with significant hypertrophy of
the airways may have “tram tracks” on the chest film. These are parallel, linear white shad-
ows that result from thickening of the airways when chronic bronchitis is severe.

The chest radiograph is often used to document suspected complications such as
pneumonia and pneumothorax in the COPD patient with severe shortness of breath. Some
patients with COPD have heart failure and pulmonary edema complicating their condition.
This may be seen as diffuse infiltrates and an enlarged heart on the chest film, but severe
hyperinflation may make it difficult to recognize these findings.

Pulmonary Function Studies

The patient experiencing an acute exacerbation of COPD cannot perform a complete pul-
monary function test (PFT). Simple peak flow and forced vital capacity measurements pro-
vide enough information to determine the status of the patient. A peak flow less than 100
L/min or forced expiratory volume in 1 second (FEV,) of less than 1.0 L indicates severe
obstruction and suggests that respiratory failure may occur soon if treatment is not given
and successful. More complete tests can be done when the patient is stable.

The classic pattern seen on spirometry in the patient with COPD is reduced expi-
ratory flows that are not responsive to bronchodilators. Vital capacity may be normal or
reduced if severe hyperinflation is present. Severe hyperinflation is seen as elevation of the
residual volume, functional residual volume, and the total lung capacity. Owing to loss of
alveolar surface area, the Diffusion Capacity of the Lung for Carbon Monoxide (DLco) is
reduced when emphysema is present.

Pulmonary function studies are used to stage the level of COPD in each patient
and are also useful for following progression of the disease objectively over time. The
American Thoracic Society criteria classify COPD in the following three stages based on
pulmonary function results while the patient is stable: ’

e Stage 1. FEV,; >50% of predicted
e Stage 2. FEV; 35% to 49% of predicted
e Stage 3. FEV; <35% of predicted

The GOLD criteria classify COPD into the following four stages:

e Stage 1. FEV, >80% of predicted

e Stage 2. FEV, 50% to <80% of predicted
e Stage 3. FEV, 30% to 49% of predicted

e Stage 4. FEV, <30% of predicted

It has been recommended that routine spirometry be performed with all patients at
risk for COPD (smokers over age 40) to detect asymptomatic airflow limitation.® In patients
with established disease, spirometry, on a yearly basis, is useful to monitor clinical status
and to assess the response to therapy. Patients presented with objective evidence of lung
function abnormalities may be more likely to quit smoking.

Electrocardiogram

The electrocardiogram (ECG) may reveal right axis deviation when right ventricular hypertro-
phy is present. This is seen as a downward deflection of the QRS wave in lead I. Low voltage in
the limb leads is often seen in the emphysematous patient when severe hyperinflation occurs.
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TREATMENT
Management of Stable COPD

Treatment of the stable COPD patient depends on the severity of the disease. Those with
mild disease (stage 1) who have minimal lung function impairment can be treated by their
family physician. The primary goal for treatment of such patients is to remove the offend-
ing agent from the patient’s environment. This usually consists of smoking cessation but
may also include a change in employment or geographical location (if the patient lives near
a major city with polluted air). The use of bronchodilators for patients with mild disease is
on an as needed basis when dyspnea is present. Smoking cessation should be strongly rec-
ommended by the attending physician and RT in all cases of COPD but it provides the
greatest benefit to those with mild disease.

Pharmacological Agents

Treatment of the COPD patient with moderate to severe disease (stages 2 and 3) usually cen-
ters around the use of pharmacological agents and should be directed by a pulmonologist
when the patient has complex problems. Although bronchodilators do not change the long-
term decline in lung function that is the hallmark of the disease, they play a key role in reduc-
ing symptoms such as dyspnea and improving the quality of life for COPD patients. They can
be given on an as needed basis or on a regular basis to reduce symptoms.'® The initial med-
ication used is either a beta-agonist or an anticholnergic. A commonly used short-acting bron-
chodilator is albuterol, which has a rapid onset of action and is given via metered dose inhaler
or medication nebulizer. The latter route is more expensive and requires more maintenance.
The role of long-acting beta-agonists, such as salmeterol and formoterol, in the treatment of
COPD is not well defined at this point. Some patients demonstrate improved dyspnea over
time with their use, but more data is needed before strong recommendations can be made.*

The use of anticholinergics, such as inhaled ipratropium, are now considered an
important part of the treatment plan for COPD patients with moderate to severe disease. A
long-acting inhaled anticholenergic, tiotropium, was recently introduced and appears to be
superior to ipratropium in causing bronchodilation for a longer period of time. This may be
clinically useful in patients with treatment compliance issues (see Appendix B).

The combination of a beta-agonist and an anticholenergic is very popular for the
treatment of COPD, and the effects of the two are additive.'? This is a common strategy for
treating the patient who does not respond to beta-agonists alone. A single metered-dose
inhaler (MDI) is available that offers both medications in the same canister.

The use of methylxanthines, such as theo-
phylline, in COPD is controversial.®> The results of
studies are mixed, with some showing benefit while
others do not. The risk of toxicity is always a concern
with theophylline because it has a narrow therapeutic
index. Careful monitoring is essential if it is to be
used in the long-term treatment of stable COPD.
Starting the patient on methylxanthines are not recom-
mended for the treatment of acute exacerbations.

Corticosteroids may be useful on an intermittent basis when acute dyspnea does
not respond to bronchodilators and oxygen therapy. Recent research has provided evidence
that the combination of salmeterol and fluticosone produce greater improvement in FEV;
than either agent alone. Inhaled corticosteroids have been shown to decrease the frequency
of acute exacerbations.®

The primary goal of
bronchodilators is to reduce
dyspnea and improve the
quality of life for the patient
with COPD.
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The preferred route of administration for steroids is the MDI, as it minimizes risk
of systemic side effects. Long-term use of oral corticosteroids is considered only for COPD
patients who have continued symptoms or severe airflow limitation despite maximal ther-
apy with other agents.**

Oxygen therapy is an important part of treatment for the patient with more severe
COPD. Patients with a Pao, below 55 or an Sao, below 88% while breathing room air at
rest are candidates for long-term (>15 hrs/day) oxygen therapy. Patients with a Pao, of 55
to 60 mm Hg who have evidence of pulmonary hypertension (JVD, pedal edema) or poly-
cythemia are also candidates for long-term oxygen therapy. The goal of oxygen therapy is
to keep the Pao, above 60 mm Hg and/or the Sao, above 90%. Oxygen therapy has been
shown to improve survival, exercise tolerance, and hemodynamics in COPD patients.*

Short-term oxygen therapy may be useful for treatment of the intermittent desat-
urations seen during exercise or sleep in selected COPD patients. Oxygen therapy is given
on an as-needed basis in those cases. In most cases, oxygen therapy is given via nasal can-
nula at 1 to 4 L/min to achieve the desired oxygenation level.

Pulmonary Rehabilitation Programs

Pulmonary rehabilitation programs are beneficial for stable COPD patients, as they
improve exercise tolerance and educate patients about their disease and how to manage it.
Although lung function probably does not improve with pulmonary rehabilitation, the over-
all quality of life appears to improve, as evidenced by less dyspnea and improved mental
health among patients who have participated in such programs. Patients with mild, moder-
ate, and severe disease can benefit from a pulmonary rehabilitation program.

Surgery

Surgery may prove useful in treating the patient with severe COPD. Lung volume reduction
surgery (LVRS) has been performed in selected patients to remove those the most diseased
parts of the lung that are restricting function of more healthy lung tissue. Patients who have
successfully undergone LVVRS typically have severe upper lobe emphysema that has not
responded to maximal conventional therapy. A multicenter study indicates that LVRS
should be limited to patients with upper lobe disease and low exercise capacity.*

Management of the Acute Exacerbation

Treating the patient with COPD who is experiencing an acute exacerbation represents a
major challenge. An important part of the initial management is determining the cause of
the exacerbation. Possible causes include infection, bronchospasm, pulmonary edema,
pneumothorax, and pulmonary embolism. It is important to distinguish the COPD patient
with an acute exacerbation from one in whom the COPD has advanced to end-stage dis-
ease. In the latter case, treatment goals are strictly palliative.

Acute exacerbations are typically seen as a sudden increase in dyspnea and may
be accompanied with increased cough, sputum production, and wheezing. Sputum may
change color, consistency, and volume during an exacerbation, especially when infection is
the precipitating cause. Fever is also common when infection is present, but its absence
does not rule infection out. Wheezing is common when bronchospasm is adding to the
patient’s dyspnea.

The initial step in caring for the COPD patient experiencing an acute exacerba-
tion is the assessment of the patient’s condition. This is done by a combination of inter-
view, physical examination, chest radiograph, blood tests, simple spirometry, and ECG. In
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all cases, the patient’s current clinical condition and
results of specific tests should be compared to previ-
ous results when the patient was stable. This compar-
ison helps assess how sick the patient is and how far
things have deteriorated since the last evaluation. For
example, if the Pao, is now 56 mm Hg on room air but
was only 64 mm Hg at the time of the last discharge,
this would indicate that the current problem does not
represent a major change in lung function. If the previous ABG, however, revealed a sta-
ble Pao, of 75 mm Hg on room air, the current Pao, of 56 represents a significant change.

[ valuation of the COPD
patient experiencing an
acute exacerbation is vital
but should not delay starting
important treatment such as
oxygen therapy.

Pharmacological Agents

The first step in treating the patient with an acute exacerbation is to begin controlled oxy-
gen therapy and determine if the problem is life threatening. If the threat is considered
serious, the patient is admitted to the intensive care unit (ICU). Otherwise, the patient can
be cared for in the emergency department and sent home for follow-up on an outpatient
basis.

Provide oxygen therapy to keep the Pao, in the 60 to 80 mm Hg range and the
Sa0, above 90%. Entrainment masks provide a more controlled Fio, and may help avoid
secondary hypercarbia but are not as well tolerated by the patient. The primary cause of
death in the COPD patient with life-threatening disease is hypoxia, so oxygen therapy is
vital to the survival of the patient.

Bronchodilators are given during acute exacerbations to reduce dyspnea and
improve patient comfort. Beta-agonists are usually given first, and anticholinergics are
added if the initial response is not optimal. Oral or 1V glucocorticosteroids are recom-
mended as an addition to the bronchodilators when dyspnea is severe and not responding
well to bronchodilators. A short course of 30 to 40 mg of oral prednisolone daily is recom-
mended.'® Antibiotics are given when purulent sputum is present.

Mechanical Ventilation
Short-term ventilatory support may be needed when initial therapy with oxygen, bron-
chodilators, and corticosteroids does not stabilize the patient and return lung function to
an acceptable level as seen on ABGs. Mechanical ventilation of the COPD patient expe-
riencing an acute exacerbation is intended to improve survival and reduce dyspnea.
Recently, noninvasive positive pressure ventilation (NIPPV) has gained popularity
since it avoids intubation and the complications associated with it. NIPPV has been shown
to improve pH, Paco, and Pao, and reduces the length of hospital stays.!’ Typically NIPPV
is applied using a tight-fitting face or nasal mask and allows adequate gas exchange while
the acute problem causing the respiratory failure is resolving (e.g., congestive heart failure
(CHF).) Once the patient improves and the cause of the acute problem begins to resolve, the
patient can be easily weaned from NIPPV with a gradual decrease in positive pressure.
Mechanical ventilation via intubation is applied in the patient who responds
poorly to initial therapy and when the cause of the respiratory failure is not expected to
resolve quickly. Common modes of ventilation include assist control and pressure support
alone or in combination with intermittent mandatory ventilation. The initial settings should
attempt to return the Paco, to levels seen when the patient was stable and not necessarily to
normal. The primary complication associated with PPV in COPD patients is auto-PEEP
(see Chapter 3). This can be minimized by using small tidal volumes and long expiratory
times.
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\/\/ eaning the patient with
COPD from the ventilator can
represent one of the most
difficult tasks facing the RT.
Asking the patient to resume
the work of breathing should
be done only when the
patient's medical condition
has been optimized.

HISTORY

Weaning from mechanical ventilation can be
a major challenge, especially if the patient has been
intubated for more that just a few days and has become
dependent on the ventilator. There does not appear to
be an advantage in using one method of weaning over
another. T-piece, intermittent mandatory ventilation,
or pressure support can be used, and each has its own
advantages and disadvantages. NIPPV following extu-
bation has been shown to expedite weaning in COPD
patients while reducing the incidence of complications
such as nosocomial pneumonia.®

Mr. L is a 54-year-old white man currently employed as a machinist. He was seen in the
pulmonary outpatient clinic for the first time complaining of shortness of breath with exer-
tion and a productive cough. Mr. L stated that his coughing had recently increased and was
producing thick, yellow sputum. He stated that his cough had been present for several years
but was "usually not a problem."” His cough has usually been productive of clear to white
sputum in the morning. He had recently noticed more shortness of breath than usual and
was now dyspneic at rest. Mr. L did admit to feeling warm at times during the past few
days but had not taken his temperature with a thermometer. He denied chest pain,
hemoptysis, sinusitis, weight loss, allergies, night sweats, or chills.

Mr. L admitted to smoking 2'/> packs of cigarettes per day for the past 30 years. He
had attempted to stop on several occasions but was successful for no longer than 3 or 4
months. His machinist work had exposed him to many toxic fumes. His family history was
positive for lung disease, as his father died of emphysema at the age of 64. His mother is
alive and well at age 75. His sister is healthy at age 47, and his 51-year-old brother has

diabetes.

QUESTIONS

ANSWERS

1. What medical problems are
suggested by the medical
history, and what are the key
symptoms to explore?

The patient's medical history suggests chronic bron-
chitis exacerbated by a respiratory infection such as
acute bronchitis, flu, bronchospasm, or pneumonia.
The symptoms do not suggest congestive heart fail-
ure. Mr. L's cough and shortness of breath need
evaluation. The interviewer should determine the
severity of the dyspnea by asking about the degree
to which it limits Mr. L's daily routine. The changes
in Mr. L's dyspnea over the past years and factors
that trigger the dyspnea are important in evaluating
prognosis and avoiding exacerbation of the disease.
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2. What is the significance of the Uncomplicated chronic bronchitis most often causes
patient's sputum color? clear or opaque sputum. Infection will most often
cause the sputum to turn colored, but allergic reac-
tions can also result in thick, yellow-green sputum.

3. What is Mr. L's smoking history Mr. L's smoking history in pack-years is 75 pack-
in pack-years? years (2.5 packs per day X 30 years = 75 pack-
years).

4. What is the significance of the Mr. L's family history is significant, given that his
family and occupational history?  father died of emphysema. It appears that the
tendency for COPD is genetically transferable
from parent to child, although the disease is not
considered a hereditary disease. The occupational
exposure to irritant gases as a machinist may have
also increased his risk for lung disease.

5. What should the physical exam-  The physical examination should help determine the
ination accomplish at this point  extent of Mr. L's pulmonary dysfunction (e.g.,
in the assessment of the cyanosis, cor pulmonale, crackles, wheeze, pedal
patient? edema) and the cause of the symptoms. The clini-
cian can accomplish this by assessing parameters
such as vital signs, sensorium, breath sounds, respi-
ratory pattern, heart sounds, and ankle edema.

‘ﬁ More on Mr. L

PHYSICAL EXAMINATION

® General. Patient alert and oriented, but in moderate respiratory distress; uses choppy
sentences because of dyspnea and frequent coughing, which produces thick, yellow
sputum

e Vital Signs. Temperature 38.1°C (100.6°F), respiratory rate 26/min, blood pressure
144/90 mm Hg; pulse 120/min

e HEENT. Tongue and mucous membranes slightly cyanotic; pupils equal, round, and reac-
tive to light and accommodation (PERRLA); sinuses nontender to palpation

® Neck. Trachea midline and mobile; transmitted wheezes present, but no stridor present;
carotids + + bilaterally with no bruits; JVD noted with head of bed elevated to a 45°
angle; accessory muscles in neck tense with each inspiratory effort

¢ Chest. Anteroposterior diameter large, and chest wall excursion small; generalized
hyperresonance but decreased resonance over right lower lobe noted on chest percus-
sion; bilateral expiratory polyphonic wheezes, louder on right side, noted on ausculta-
tion of lungs; coarse crackles and bronchial breath sounds present over right lower
lobe

e Heart. Regular rhythm with rate of 120/min; no murmurs or rubs noted; S; gallop and
loud P, noted on auscultation of lungs; systolic heave noted at lower right sternal border;
point of maximal impulse located in fifth intercostal space at midclavicular line on the
left
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* Abdomen. Soft and nontender; hepatomegaly present, and hepatojugular reflex positive;
no evidence of paradoxical respiratory movement

e Extremities. No evidence of cyanosis or clubbing; pedal edema present and 2+ bilater-
ally in the lower extremities up to knee level; extremities dry and warm to touch

QUESTIONS

ANSWERS

6. How do you interpret the vital
signs?

7. What is indicated by cyanosis
of the tongue and mucous
membranes?

8. What are the possible causes
of the expiratory polyphonic
wheezes heard bilaterally and
the bronchial breath sounds
heard over the right lower lobe?

The patient's body temperature is elevated.
Infections, either viral or bacterial, can cause fever.
Fever increases the patient's oxygen consumption
and places an increased demand on the cardiac and
respiratory systems. The respiratory and heart rates
are slightly elevated, which may be related to the
fever or the hypoxemia, or both. Tachycardia and
tachypnea help meet the increased need for oxygen
consumption and CO, excretion associated with
fever and help compensate for hypoxemia when
present.

Cyanosis of the tongue and mucous membranes
of the mouth indicates central cyanosis. Central
cyanosis is caused by hypoxemia, which turns the
arterial blood dark. Polycythemia makes cyanosis
more visible and anemia makes it difficult to
recognize.

The expiratory polyphonic wheezes may be
produced by one or more of the following: bron-
chospasm, mucosal edema, or excessive airway
secretions. Intrathoracic airways tend to narrow
slightly on exhalation owing to the additive effects
of positive intrathoracic pressure and the decreased
retractile forces of elastic fibers within the airway
walls. When the airways are obstructed because of
bronchospasm, edema, or secretions, exhalation can
result in severe narrowing, resulting in vibration of
the airway walls and therefore expiratory wheezes.
Polyphonic wheezes suggest partial obstruction of
many small airways, rather than one large upper
airway. The bronchial breath sounds suggest con-
solidation in the right lower lobe. Normal lung
tissue acts as a filter to sound, allowing only low-
pitched sounds to pass. Consolidated lung allows
the turbulent flow sounds of the larger airways to
pass through the lung with little attenuation of the
high-pitched sounds produced by turbulent flow in
the larger airways. In such cases, the normal
vesicular breath sound is replaced with a louder,
higher-pitched, bronchial-type breath sound over
the area of the consolidated lung.
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9. What is suggested by the loud
P,?

10. What pathophysiology could be
causing the JVD, hepatomegaly,
hepatojugular reflex, and pedal
edema?

11. How is the hepatojugular reflex
identified?

12. How is the severity of the pedal
edema characterized?
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The loud P, suggests pulmonary hypertension.
Pulmonary circulation pressures increase as the
capillary smooth muscle constricts in response to
hypoxemia. Eventually, collagen tissue replaces the
pulmonary arteriolar smooth muscle, causing irre-
versible pulmonary hypertension. The increase in
pulmonary artery pressure causes the pulmonic
valve to close more loudly than it would under
normal conditions. A loud P, is best heard in the
pulmonic area, which is located at the second left
intercostal space near the sternal border.

JVD, hepatomegaly, pedal edema, and the hepato-
jugular reflex are typically caused by right heart
failure which may be the result of left heart failure,
acute severe pulmonary embolism, or chronic
hypoxemia. Right heart failure allows filling pres-
sures of the right heart to increase and all venous
pressures to rise. High venous pressures result in
distended neck veins; an engorged, swollen liver;
and an accumulation of fluid in the lower
extremities.

Right heart failure increases venous pressure and
causes liver engorgement. If pressure in the neck
veins appears to increase while the physician is
pressing gently but firmly on the liver (right upper
quadrant of the patient's abdomen), the hepato-
jugular reflex is present, which is consistent with
right heart failure.

The severity of the edema is graded on a scale of
1+ through 4+ on the basis of pitting produced by
sustained, light pressure applied by the examiner
over the tissue being examined. Minimal pitting
edema is indicated as 1+, whereas 4+ suggests
severe pitting edema that "weeps” when the
examiner presses on the edematous tissue. In this
case, 2+ pitting edema indicates a moderate
degree of ankle edema. The level to which the
edema extends up the lower extremities also
indicates the severity of the right heart failure. In
this case, the edema is at the level of the knees,
which implies moderate disease. More severe heart
failure causes the edema to extend higher.
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13. What is the significance of the
systolic heave located at the
lower right sternal border?

14. What is indicated by the fact
that Mr. L's accessory respiratory
muscles of the neck are tensing
with each inspiratory effort?

Box 4.1 Laboratory Evaluation

A heave at the right sternal border is usually pro-
duced by contraction of an enlarged right ventricle.
Right ventricular hypertrophy often occurs when
the right heart pumps against high pressures for
many months (much like the biceps of a compulsive
weight lifter). The heave at the sternal border along
with the JVD, hepatomegaly, loud P,, and pedal
edema are evidence of cor pulmonale. Right ven-
tricular heave and a loud P, may be difficult to
identify when the anteroposterior chest diameter is
large. These findings of right heart failure suggest
that the patient has had hypoxemia for many
months or years.

Use of the accessory muscles of respiration indi-
cates that the patient has respiratory distress and
the diaphragm is no longer able to provide ade-
quate respiratory support. This is a common finding
in patients with acute exacerbation of lung disease
and provides an objective parameter for monitoring
the patient's condition and response to therapy.

Chest Radiograph (Fig. 4.4)

ABGs
ABG

pH

Pao,

Paco,
HCO,~
P(A-a)o,
0, content

Value

7.41

45 mm Hg on room air
44 mm Hg

28 mEq

53 mm Hg

16.4 mL

Complete Blood Count

White Blood Cells (WBCs)
Red Blood Cells (RBCs)
Hemoglobin (g)
Hematocrit (%)
Segmented neutrophils (%)
Bands (%)

Lymphocytes (%)
Eosinophils (%)

Monocytes (%)

Observed Normal
16 thousand/mm? 4-11 thousand/mm?
5.7 million/mm3 4.1-5.5 million/mm?
175 14-16.5
56 37-50
77 38-79
10 0-7
10 12-51
1 0-8
1 0-10

Chemistry: All within normal limits except for total CO, (slightly elevated at

34 mEq/L)
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FIGURE 4.4 Mr. Ls chest radiograph.

QUESTIONS

ANSWERS

15. How important is the chest
radiograph in determining the
cause of the patient's symp-
toms? What does it show to be
the underlying condition of this
patient's respiratory system?

16. How would you interpret the
ABGs?

The chest radiograph is very important, as it
demonstrates an infiltrate typical of pneumonia in
the right lower lobe. Respiratory infections are a
common cause of exacerbation in patients with
COPD.

The ABG measurements reveal moderate hypoxemia
on room air. This is a common finding in COPD
patients, especially when an infection is present.
The acid-base status shows both respiratory acido-
sis and metabolic alkalosis. Because the body never
completely compensates for an acid-base distur-
bance and the pH is 7.41, there must be two simul-
taneous primary disturbances. It is possible that this
patient's “normal” Paco, is greater than 45 mm Hg
and is compensated for by an elevation of blood
HCO5 . When an acute problem such as pneumonia
occurs, significant hypoxemia can drive the
patient's respiratory system to increase ventilation.
This may result in relative hyperventilation, with
the Paco, decreasing back to a more normal range,
which causes acute respiratory alkalosis (even
though the Paco, is normal) superimposed over
chronic respiratory acidosis. If the patient had vom-
iting associated with his other symptoms, acute
metabolic alkalosis might also have developed.
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17.

18.

19.

20.

21.

Should complete pulmonary
function testing be done at this
point?

How would you interpret the
complete blood count (CBC)?
What could be causing the
elevated WBC count? What is
the most likely cause of the
elevated RBC count?

What is the tentative diagnosis,
and should the patient be
admitted to the hospital?

What other diagnostic proce-
dures should be ordered at this
point?

What therapy should the physi-
cian order for the patient?

More on Mr. L

This is not a good time to have the patient perform
additional pulmonary function testing, as he is
acutely ill. After his condition stabilizes, complete
pulmonary function testing will provide a better
indication of his underlying pulmonary disease.

The CBC reveals elevated WBC and RBC counts. The
leukocytosis is probably in response to the infiltrate
seen on the chest radiograph. The elevation of the
bands is known as a left shift, which indicates that
immature WBCs are being released by the bone
marrow in response to the acute infection. The
elevated RBC count indicates that polycythemia is
present. This abnormality may be secondary to a
chronically low Pa0,. Polycythemia helps
compensate for the hypoxemia by increasing the
blood's oxygen-carrying capacity. Unfortunately, it
also increases cardiac work load by increasing blood
viscosity. Many pulmonary physicians phlebotomize
patients to a hematocrit of less than 60% to
decrease right heart work load and to prevent RBC
slugging and arteriolar obstruction.

The tentative diagnosis is acute exacerbation of
chronic bronchitis caused by pneumonia. The
patient should be admitted for close monitoring, IV
bronchodilators, steroids, antibiotics, and possible
phlebotomy (see Appendix B).

Sputum analysis with a Gram stain and culture may
help determine the cause of the pneumonia. An
ECG may help rule out cardiac ischemia.

Appropriate therapy for the patient at this point
would include oxygen, antibiotics, bronchodilators,
and steroids.

The patient is admitted to the pulmonary care unit. The physician writes orders for the
following:

* Oxygen by nasal cannula 2 L/min titrated to achieve an arterial oxygen saturation (Sao,)
of greater than 90%

* Medication nebulizer with albuterol (Ventolin/Proventil) 0.5 mL and ipratropium 2.5 mL
every 4 hours

® Methylprednisolone (Solu-Medrol) 125 mg IV every 6 hours X 3, and then 60 mg IV

e Cefuroxime 750 mg IV every 8 hours, and clarithromycin (Biaxin) 500 mg by mouth every
12 hours

* ECG

® Sputum Gram stain, culture, and sensitivity
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ANSWERS

22.

23.

24.

What is the goal of oxygen ther-
apy in this case? What level of
arterial oxygenation is appropri-
ate? How should the oxygen
therapy be evaluated? Once this
patient is stable and ready to go
home, should he be sent home
on a regimen of oxygen therapy?

What abnormalities on the ECG
would demonstrate right-axis
deviation? What does this
abnormality indicate?

What type of bronchodilators
are albuterol and ipratropium,
and what are the possible side
effects of these medications?
Why give both bronchodilators
together?

The goal of oxygen therapy is to correct the hypox-
emia. A Pao, of 55 to 65 mm Hg is an appropriate
level of oxygenation in this case. The hemoglobin is
more than 90% saturated under most conditions at
a partial pressure of about 60 mm Hg. Elevating the
Pao, above 65 mm Hg does not add significant oxy-
gen content to the arterial blood, but does slightly
increase the risk of oxygen-induced hypoventilation.
The RT should evaluate the oxygen therapy by
using a combination of parameters. Pulse oximetry is
useful when changes in ventilation and therefore Pco,
are not likely. The patient's mild hypoventilation
makes it important to titrate the fraction of inspired
oxygen (Fio,) to result in an Sao, of 90% and to check
ABGs to evaluate ventilatory and acid-base status.
The clinical findings of polycythemia and cor
pulmonale strongly suggest that this patient would
benefit from home oxygen therapy. If the patient's
resting room air Pao, is less than 55 mm Hg at the
time of discharge, home oxygen should be arranged.
If the Pao, is 55 to 60 mm Hg, chronic home oxygen
supplementation will be important, as the patient
has both polycythemia and evidence of right heart
failure. If the patient's resting Pao, is greater than
60 mm Hg, nocturnal desaturation may be demon-
strated by nocturnal pulse oximetry monitoring and
would indicate the need for oxygen during sleep.

The negative deflection of the P and QRS waves in
lead | is consistent with right-axis deviation. This
finding is typical for patients with cor pulmonale.
Normally, the mean axis of electrical activity for the
heart is between 0 and +90. With pulmonary
hypertension, enlargement of the right side of the
heart causes the mean axis to shift to the right,
somewhere between +90 and +180.

Albuterol is a sympathomimetic bronchodilator that
has fewer side effects than isoproterenol. It is avail-
able in oral and aerosol forms. When administered by
aerosol it produces significant bronchodilatation
within 15 minutes and continues to cause broncho-
dilatation for 3 to 4 hours. Although tremors, nervous-
ness, and cardiovascular side effects such as
tachycardia and palpitations are possible with all
beta-agonists, they are less common in patients using
this medication. Ipratropium is an anticholinergic
bronchodilator that is more effective in causing
bronchodilation when combined with albuterol than
either agent used alone.
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25. What parameters should the RT
monitor before, during, and
after administration of the med-
ication nebulizer treatments?

26. How should the overall effec-
tiveness of the bronchodilators
be evaluated?

27. What should the RT do to
improve the chances of obtain-
ing an appropriate sputum
sample for analysis?

28. What is the most important
advice this patient's physician
could give him with regard to
his long-term respiratory
health?

RTs should monitor the patient's vital signs, breath
sounds, sensorium, and breathing pattern before,
during, and after the treatment. Changes in these
parameters will help assess the effectiveness of
therapy and the onset of complications.

The patient's dyspnea should improve if the
bronchodilators are proving beneficial. Changes in
breath sounds that indicate bronchodilatation
include a decrease in the pitch, length, and
intensity of the wheezing. Changes in the patient's
breathing pattern with less use of accessory
muscles and a shorter expiratory time also indicate
improvement.

The RT obtaining the sputum sample should explain
the procedure to the patient, emphasizing that a
true sample of phlegm from the lungs is needed.
Asking the patient to rinse his mouth and brush his
teeth just before obtaining the sample is a useful
way of reducing sputum contamination by oral
bacteria. The sample should be collected in a sterile
sputum cup and then transported to the laboratory
with the lid tightly in place. The patient's name and
identification number must be secured to the
container.

The best advice health-care personnel can give to
this patient is to stop smoking! This advice is easy to
give, but not as easy for the patient to follow. Many
patients will stop smoking upon the firm
recommendation of the physician. The physician
may also recommend nicotine gum, nicotine
patches, or Welbutrin tablets. These are more
effective in conjunction with a formal smoking
cessation program. The American Lung Association
and American Cancer Society have excellent
smoking cessation programs.

4> MrlConchusion

Over the next several days, Mr. L steadily improves. His initial ABG reveals a Pa0, of

66 mm Hg on 2 L/min of oxygen by nasal cannula. His dyspnea improves to the point
where he can walk around the unit without significant difficulty by the third hospital day.
On the fifth day, he is discharged on a regimen of oral antibiotics and oxygen. The
attending physician requests a follow-up appointment with Mr. L at the pulmonary

outpatient clinic in 1 week. ™
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HISTORY

Mrs. G, a 62-year-old white woman, was seen in the emergency department for complaints
of increasing shortness of breath. She stated that she had the flu approximately 1'/> weeks
earlier and that her breathing has been more difficult since that time. Her ankles have been
swollen for the first time, and sleeping during this time has required “two pillows to sup-
port her." She stated that occasionally she awakens in the middle of the night very short of
breath. These episodes of nocturnal dyspnea are relieved by sitting up for several minutes.
She has been producing '/4 cup of yellow sputum since the onset of the flu. Her exercise
tolerance was 1 block but is now 20 feet. Mrs. G stated that 7 years ago her family physi-
cian told her she had pulmonary emphysema. Mrs. G started smoking at age 12 and smoked
approximately 2 packs of cigarettes a day until she quit 2 years ago. Mrs. G took the fol-
lowing home medications: small-volume nebulizer (SVN) with metaproterenol four times a
day, theophylline (Theo-Dur tablets) 200 mg two times a day, and oxygen via nasal cannula

at 1 L/min.
QUESTIONS ANSWERS
1. What symptoms should be The key symptoms include increasing shortness of
explored in greater detail? breath, exercise intolerance, orthopnea, PND, and

sputum production. Because pulmonary emphysema
is a progressive and chronic disease, gradual wors-
ening of the pathology is expected. However, a sud-
den decline in respiratory status indicates an acute
problem that is exacerbating the COPD. This patient
should be questioned about her salt intake, includ-
ing foods such as olives, pickles, and potato chips;
exposure to known respiratory irritants; evidence of
infection; and compliance with her treatment pro-
gram. She should be questioned about subjective
evidence of changes in her cardiac status to deter-
mine the presence of chest pain, palpitations, or
fainting spells.

2. How many pack-years has this A 96-pack-year smoking history is present (48
patient smoked, and how is this  years X 2 packs per day). Generally a smoking his-
significant in terms of producing  tory greater than 20 pack-years is required before

pulmonary symptoms? symptoms of dyspnea and COPD begin to occur.

3. What is the most likely cause The most likely cause of the patient's pulmonary
of the patient's pulmonary emphysema is cigarette smoking. Although men
emphysema? have historically outnumbered women in the devel-

opment of smoking-related diseases, the increase in
the number of female smokers since World War Il
has led to a related rise in the number of smoking-
related diseases in women.
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4. What is the most likely cause of ~ The patient's exacerbation is probably a result of
the patient's exacerbation? her recent viral infection. Frequently, any acute ill-

ness will further compromise an already borderline
respiratory status in COPD patients. Patients should
be encouraged to get annual flu shots to minimize
the chance of infection-induced exacerbations. This
patient's dyspnea appears to be exacerbated by
congestive heart failure (requiring several pillows
for respiratory comfort at night).

5. What is the pathophysiological Orthopnea and PND are generally caused by

significance of the patient's congestive heart failure. These symptoms occur as
orthopnea and paroxysmal noc-  pulmonary vascular congestion increases in the
turnal dyspnea (PND)? reclining position. The congestive heart failure may be

caused by ischemic heart disease or cardiomyopathy.

More on Mrs. G

PHYSICAL EXAMINATION

® General. The patient is an alert, cachectic, white woman in moderate respiratory distress,
sitting on the edge of her bed leaning forward with her elbows braced on the bedside
table. She appears to have difficulty talking secondary to dyspnea and pursed-lip breath-
ing.

e Vital Signs. Temperature is 37.0°C (98.6°F) orally; respiratory rate is 28/min; pulse is
108/min; and blood pressure is 142/80 mm Hg.

e HEENT. Unremarkable.

¢ Neck. Trachea is midline without stridor or masses. Carotid pulses are ++ without
bruits; no lymphadenopathy or thyromegaly present; patient is using her sternocleido-
mastoid muscles during inspiration; no JVD is present.

¢ Chest. Increased anteroposterior diameter, large supraclavicular fossae, and mild abdomi-
nal paradox during respiratory efforts are present; significant protrusion of the ribs with
moderate retractions is present during inspiration, with narrowing of the subcostal angle;
there is chest expansion of 3 cm at the eighth thoracic vertebra and a diffuse reduction
in tactile fremitus on palpation; PMI is not identified with palpation; increased resonance
bilaterally on percussion.

e Heart. Heart sounds are very distant with a regular rate and rhythm of 108/min without
murmurs.

¢ Lungs. There is bilateral reduction in breath sounds anteriorly and posteriorly with a
prolonged expiratory phase on auscultation; occasional scattered expiratory wheezes are
also present.

e Abdomen. Soft, nondistended, and nontender with bowel sounds present; no masses or
organomegaly present. The abdomen sinks inward with each inspiratory effort (abdominal
paradox).

e Extremities. No cyanosis, clubbing, or peripheral edema is present.
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ANSWERS

6.

10.

1.

Why is the patient pursed-lip
breathing, and what physiologi-
cal effect does it produce?

. Why is the patient leaning

forward on her elbows to
breathe?

. What is the significance of

abdominal paradox during
respiratory efforts?

. What pathophysiology accounts

for the patient's increased
resonance, decreased tactile
fremitus and decreased heart
sounds?

Why is the patient's PMI not
felt? What is indicated when the
PMI is in the epigastric area?

What is the significance of the
chest expansion measurement?

Pursed-lip breathing provides a positive intra-
airway pressure that is thought to decrease airway
closure and air trapping and to aid gas exchange.
Patients often discover this maneuver on their own
or learn it through formal instruction by health-
care providers, although the exact benefit of this
technique has not been established.

By leaning forward on her elbows (tripoding), the
patient provides the accessory respiratory muscles
with an optimal mechanical advantage by stabiliz-
ing the shoulder girdle to which they are attached.
This makes the accessory muscles more efficient
and may improve ventilation for patients with poor
diaphragmatic function.

Paradoxical abdominal movement during breathing
is indicative of diaphragmatic muscle fatigue. When
the diaphragm is fatigued, accessory muscles of
respiration create a negative intrathoracic pressure,
which pulls the fatigued diaphragm slightly upward
and into the chest cage, causing the abdominal
wall to sink inward rather than rise during
inspiration.

The patient's increased resonance, decreased tactile
fremitus, and decreased heart sounds are a result of
the increased intrathoracic volume. The tissue
destruction and hyperinflation caused by emphy-
sema lead to poor sound transmission through the
chest.

Normally the PMI is located along the left midclav-
icular line at the level of the fourth or fifth
intercostal space. In emphysematous patients, the
loss of lung recoil allows the natural tension of the
diaphragm to go unopposed and results in flatten-
ing of the diaphragms. As a result, the mediastinal
structures are elongated and the PMI assumes a
more centrally located position lower in the chest
or in the epigastric area. The lung hyperinflation in
emphysema may reduce the examiner's ability to
feel the PMI.

Chest expansion as measured by palpation is nor-
mally 6 to 10 cm. In the case of emphysema, loss of
elastic recoil causes chronic hyperinflation, which
increases anteroposterior diameter to near
maximum, resulting in the reduced ability of the
chest cage to move with breathing.
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12. What is the cause of the
patient's decreased breath
sounds?

13. What findings indicate the need
for hospitalization?

Laboratory Evaluation

Chapter 4 Chronic Obstructive Pulmonary Disease

Decreased breath sounds in patients with pul-
monary emphysema result from both decreased
sound production and decreased sound transmis-
sion. Loss of elastic recoil results in reduced expira-
tory flow rates, which minimizes turbulent flow
sounds during exhalation. The inspiratory sounds
are effectively filtered by the relatively large distal
airspaces in emphysema, resulting in poor sound
transmission to the chest wall.

The need for hospitalization of this patient is indi-
cated by the signs of respiratory distress: (1) respi-
ratory rate greater than 24/min, (2) paradoxical
breathing pattern, and (3) use of accessory mus-
cles. In addition, the peripheral edema (ankle
swelling) indicates compromise of right heart
function (see Appendix B).

Chest Radiograph (Fig. 4.5)

ABG

pH

Paco,

Pao,

HCO,~

Base Excess (BE)

Hb

Sao,

Oxygen-carrying capacity (Cao,)

FvC

FEV,
FEF25-75%
TLC

RV

FRC

DLco

ABGs on 1 L/min oxygen

PFTs (From a previous admission when patient was stable)

Value

7.32
62 mm Hg
50 mm Hg
30 mEq/L
+5
13.1 g/100 mL
85.5%
15.2 vol%

Value % of Predicted
1.90 L 58
1.02 L 39
0.74 L 31
587 L 17
3.97L 226
433 L 120
6.4 mL/min/mm Hg 26

Chemistry: Results pending
Theophylline level: Results pending

Complete Blood Count (CBC): Results pending

ECG Findings: Sinus tachycardia with decreased voltage in the limb leads; tall, narrow P waves;
occasional premature ventricular contractions
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FIGURE 4.5 Mrs. G's chest radiograph.

QUESTIONS

ANSWERS

15. What chest radiograph findings
suggest hyperexpansion in this
patient?

16. What is the significance of the
decreased vascular markings on
the chest radiograph?

17. What is the patient's acid-base
and oxygenation status?

Hyperexpansion can be assessed by counting the
number of ribs seen above the diaphragm on the
posteroanterior chest radiograph. More than 10
fully visualized posterior ribs, or 7 anterior ribs,
indicates hyperexpansion. In addition, flattened
diaphragms, increased intercostal spaces, and
increased radiolucency indicate hyperexpansion.
The lateral chest radiograph demonstrates flattened
diaphragms and a large retrosternal airspace.

Decreased vascular markings on the chest
radiograph occur as a result of the pulmonary
parenchymal destruction involving not only
terminal airspaces, but also pulmonary capillary
vasculature. Excessive vascular tapering suggests a
more severe case of emphysema.

The elevated Paco, and HCO; ™ indicate partially
compensated respiratory acidosis. The patient has
moderate hypoxemia on 1 L/min of oxygen, and other
indices of oxygenation are abnormally low. Since Cao,
takes into account saturation, hemoglobin level, and
Pao,, it can be used to assess oxygen-carrying capac-
ity. The Cao, of 15.2 vol% (normally 16 to 20 vol%) is
slightly reduced, primarily owing to the low Sao,.
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18.

19.

20.

21.

22.

What is the cause of the
decreased voltage and tall P
waves in the limb leads, as
noted on the ECG findings?

How do you interpret the PFT
results?

What pathology accounts for
the decreased Dico?

What is your initial assessment
of the patient's condition?

What treatment do you
suggest?

Lung hyperinflation and flattening of the diaphragms
result in a more vertical position of the heart and a
clockwise rotation along its longitudinal axis. This may
cause a rightward shift of the QRS axis as measured
by the limb leads. The mean QRS axis is also directed
posteriorly and perpendicular to the frontal plane in
emphysema. Electrical activity that is perpendicular to
the frontal plane is not detected by the limb leads,
which measure activity only in the frontal plane. As a
result of the posterior shift of the mean QRS axis, the
limb leads will reveal decreased amplitude.
Hyperinflation also reduces the electrical conductivity
of the lung, which adds to the decreased voltage seen
in the limb leads of the ECG. Tall, narrow P waves

(P pulmonale) indicate right atrial enlargement and
are characteristic of severe pulmonary disease.

The PFT results are consistent with pulmonary
emphysema. The loss of airway elasticity results
in collapsible airways and air trapping. The air
trapping results in large lung volumes and capaci-
ties. The combination of a large intrathoracic
volume, slow expiratory flow rates, and reduced
diffusion capacity are typical of pulmonary
emphysema.

The decreased DLco is caused by the loss of pul-
monary vascular bed resulting from tissue destruc-
tion and dilation of the terminal lung units. This
results in a loss of alveolar/capillary surface area for
diffusion.

The initial assessment of this patient is acute exac-
erbation of pulmonary emphysema secondary to
influenza and heart failure.

Immediate treatment should consist of oxygen
therapy at 2 to 3 L/min via nasal cannula in an
attempt to increase the patient's Pao, to approxi-
mately 60 to 65 mm Hg. Aerosolized adrenergic
bronchodilators may prove beneficial to relieve
any airway obstruction caused by reactive airways,
thus reducing the patient's work of breathing.
These can be administered with an MDI or SVN if
the patient can take a deep breath spontaneously
(greater than 15 mL/kg). IV corticosteroids may
also prove useful if a reversible airway obstruction
component is present. In this patient, the scat-
tered wheezing suggests that bronchodilators
may be beneficial. Sputum collection for Gram
stain and culture and sensitivity is warranted in
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23. Should the patient be monitored
for any special adverse reactions
to therapy?

24. Should high oxygen concentra-
tions be administered to this
patient if necessary?

More on Mrs. G

AN
A\
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light of the yellow sputum and low-grade fever.
Other measures that might prove beneficial should
the patient have trouble clearing secretions
include bland aerosol therapy and chest physical
therapy. Heart failure should be treated with
diuretics and vasodilators.

Yes, the caregivers should monitor the patient for
certain side effects. The possible side effects of
sympathomimetic bronchodilators include tachy-
cardia, arrythmias, tremor, nervousness, and anxi-
ety. Since the patient is a chronic CO, retainer,
the RT should administer oxygen therapy carefully
to avoid depressing the patient's hypoxic respira-
tory drive, thus inducing hypoventilation. Fixed-
performance oxygen delivery devices that can
administer precise oxygen percentages often

can be used to carefully titrate oxygen delivery
and minimize the chance of oxygen-induced
hypoventilation.

High concentrations of oxygen may be lifesaving in
certain situations. Oxygen should be administered
judiciously to patients who are chronic CO, retain-
ers; it should never be withheld for fear of dulling
that drive at the expense of tissue oxygenation.
Should the patient's drive to breathe diminish and
result in an elevated Paco, to the point where the
pH is less than 7.25 or the patient's sensorium is
abnormal, mechanical ventilation should be used to
support ventilation until the patient's respiratory
status improves.

Mrs. G is admitted to the respiratory intensive care unit and started on the following med-
ications: oxygen therapy at 2 L/min via nasal cannula; methylprednisolone (Solu-Medrol)
120 mg IV every 6 hours; SVN with 0.5 mL 0.5% albuterol; and 2.5 mL 0.9% saline every

4 hours and Fursemide 40 mg IV. Sputum for Gram stain and culture and sensitivity,
theophylline level, and ABGs on 2 L/min are ordered.

Results of the sputum Gram stain show 2+ pus cells, no epithelial cells, and a few very
small gram-negative rods; the culture eventually grows predominantly Haemophilus
influenzae sensitive to ampicillin. Theophylline level is 8.1 mg/mL. ABG results on 2 L/min
are: pH 7.33, Paco, 65 mm Hg, Pao, 66 mm Hg, HCO,~ 31 mEg/L, BE +4, Hb 13.0 g/100 mL,

Sao, 91.2%, Cao, 16.2 vol%.
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QUESTIONS

ANSWERS

25. What is the significance of the
sputum Gram stain and culture?

26. What antimicrobial agent is
indicated?

27. What is the significance of the
theophylline level?

28. How do you interpret the
patient's acid-base and
oxygenation status on 2 L/min
of 0,7

The presence of pus cells in the sputum indicates
inflammation or infection. The designations 1+,
2+, 3+, and 4+ are used to indicate the number
of PMNs per oil immersion field (OIF), which the
medical technologist determines in the following
manner: 1+ = 1 to 5 PMNs per OIF; 2+ = 6 to
15 PMNs per OIF; 3+ = 16 to 50 PMNs per OIF;
and 4+ = more than 50 PMNs per OIF. In addi-
tion, the absence of epithelial cells indicates a
specimen that was not significantly contaminated
by oral secretions. Gram stain and culture are used
to identify specific microbe characteristics and to
allow selective antimicrobial treatment. H.
influenzae is a common cause of infection among
patients with obstructive lung disease. The sensi-
tivity to ampicillin means the infection should be
easy to treat.

Ampicillin is a broad-spectrum antibiotic commonly
used for the treatment of sensitive strains of

H. influenzae. It is inexpensive and has few side
effects. Unfortunately, the incidence of penicillin-
resistant H. influenzae infection is increasing.

The therapeutic theophylline level is 10 to 20
mg/mL of plasma, and a value of 8.1 mg/mL indi-
cates that continuing oral Theo-Dur tablets may
be helpful in relieving dyspnea. The serum level
should be evaluated periodically. Since toxic side
effects of theophylline, such as tremors, insomnia,
nausea, seizures, and atrial and ventricular
arrhythmias, can be manifested within the thera-
peutic range, levels should be maintained on the
low end.

The patient's ABGs show a partially compensated
respiratory acidosis. The administration of oxygen
has improved the patient's plasma oxygenation
and Ca0, to an acceptable level, considering the
patient's age and disease state. Further increases
in Pa0, can depress the patient's respiratory
drive without improving the patient's Ca0,
significantly.
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29. Are any other changes in the The frequency of the patient's SVN treatments
patient's therapy indicated? could be increased to every 2 to 3 hours to increase

the bronchodilator effect if her pulse rate is not
greater than 120/min. Another method of
increasing the bronchodilator response would be
the administration of an anticholinergic agent, such
as ipratropium bromide, in conjunction with the
sympathomimetic therapy.

30. By what mechanism other than In addition to bronchodilation, theophylline causes
bronchodilation might theo- diaphragmatic stimulation and an increase in
phylline be beneficial in the central respiratory drive, both of which increase
treatment of emphysema? ventilation.

31. If a patient's dyspnea was Low-dose opiate drugs might decrease the subjec-
severe despite bronchodilator tive sensation of dyspnea. These agents can also
therapy, what other therapy increase exercise tolerance in some patients.

might be beneficial?

A% Mrs.GConclusion

Mrs. G is started on ampicillin, and her Theo-Dur continued. The frequency of the SVN
treatments is changed to every 3 hours and as needed, with an ipratropium bromide
(Atrovent) MDI ordered to follow. During the day, the patient's respiratory status
improves, and she feels more comfortable. SVN and MDI are changed to every 4 hours
while awake and prn at night. Subsequent follow-up reveals a therapeutic serum theo-
phylline level of 13.5 mg/mL. Over the next 2 days (days 2 and 3), the patient's oxygen is
reduced to 1 L/min. At this time her breath sounds are clear, though decreased bilater-
ally, and her cough produces only opaque-white secretions. The patient is discharged to
home on day 5 with the following medications: Theo-Dur 200 mg twice a day; oxygen
via nasal cannula at 1 L/min; albuterol sulfate (Ventolin) via MDI 2 puffs every 4 hours
and prn for dyspnea, with an Atrovent MDI to follow; and antibiotics. The patient is
also encouraged to enter a pulmonary rehabilitation program to help manage her COPD
optimally.

QUESTIONS ANSWERS

32. How could the patient's disease A disposable peak-expiratory flowmeter can be
progress and response to bron- used to assess therapy response as well as changes
chodilator therapy be cost- in function that may signify exacerbation of the
effectively assessed at home? disease process. M
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« Chronic obstructive pulmonary disease (COPD) is defined as a lung disease in which
the patient has progressive airflow limitation that is not completely reversible. The
terms chronic bronchitis and emphysema are frequently used when discussing
COPD.

* The exact incidence of COPD is not known, and estimates are dependent on the def-
inition and criteria used. The number of COPD patients in the United States is esti-
mated to be somewnhere between 10 and 22 million.

* There is no doubt that COPD represents a major cause of morbidity and mortality
in the United States and around the world and will continue to do so for some
time. In addition, the economic burden of COPD on individuals and societies is
substantial.

By far the most common noxious fumes and particles leading to COPD are those
associated with cigarette smoke. People who smoke have a much higher incidence
of COPD, a larger decline in lung function over time, and a greater COPD mortal-
ity rate.

e Cough is the most common symptom seen in patients with COPD, but dyspnea is
what causes them to seek medical help.

* Patients with COPD often have diminished breath sounds, a barrel chest, and a pro-
longed expiratory time and use their accessory muscles to breathe at rest.

« Initially, the arterial blood gas shows mild to moderate hypoxemia with normal Paco,
levels in the patient with COPD. As the disease progresses, the hypoxemia worsens
and the patient often begins to retain carbon dioxide.

 The chest x-ray may show minimal changes with mild to moderate COPD. Severe
disease causes significant hyperinflation and is seen as a low, flat diaphragm, a large
retrostrernal airspace, and a small, narrow heart shadow.

* The classic pattern seen on spirometry in the patient with COPD is reduced expi-
ratory flows that are not responsive to bronchodilators. Vital capacity may be nor-
mal or reduced if severe hyperinflation is present. Severe hyperinflation is seen as
elevation of the residual volume, the functional residual volume, and the total lung
capacity.

» The DLco is reduced when emphysema is present, owing to destruction of alveolar
air spaces.

* The initial goal for treatment of COPD patients is to remove the offending agent
from the patient’s environment. This usually calls for smoking cessation,which slows
the decline in lung function over time.

* Patients with mild to moderate COPD can be treated by their primary care physician
with bronchodilators on a prn basis. Those with severe disease should be treated by
a pulmonologist who has experience caring for patients with COPD.

* Although bronchodilators do not change the long-term decline in lung function that
is the hallmark of the disease, they play a key role in reducing symptoms such as
dyspnea and improving the quality of life for COPD patients.

« The initial bronchodilators given to the COPD patient include a beta-agonist, such as
albuterol and/or an anticholenergic, such as inhaled ipratropium.
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3 = KEY POINTS (conminuep)

« Corticosteroids should be added to the treatment plan for patients with moderate to
severe COPD.

» Oxygen therapy is needed when the Pao, falls below 55 mm Hg or when the Sao,
falls below 88% at rest. The oxygenation levels of the COPD patient may deteriorate
with exercise or sleep and cause polycythemia even though the Pao, is acceptable at
rest.

 Pulmonary rehabilitation programs are beneficial for the stable COPD patient, as
they can improve exercise tolerance and educate the patient about the disease and
how to manage it.

* Treating the patient with COPD who is experiencing an acute exacerbation repre-
sents a major challenge. An important step in such cases is determining the cause of
the exacerbation.

* The first step in treating the patient with an acute exacerbation is to begin controlled
oxygen therapy and determine if the problem is life threatening. If the threat is con-
sidered serious, the patient is admitted to the ICU.

e Once oxygenation has been optimized, treatment with bronchodilators, cortico-
steroids, and antibiotics may be needed.

« Short-term ventilatory support may be needed when initial therapy with oxygen,
bronchodilators, and corticosteroids does not stabilize the COPD patient and return
lung function to an acceptable level as seen on ABGs.

 Noninvasive positive pressure ventilation (NIPPV) has gained popularity since it
avoids intubation and the complications associated with it. NIPPV has been shown to
improve pH, Paco, and Pao, and reduces the length of hospital stays.

» Weaning the COPD patient from mechanical ventilation can be a major challenge,
especially if the patient has been intubated for more that just a few days and has
become dependent on the ventilator. There does not appear to be an advantage in
using one method of weaning over another.

L _______________________________________________________________________________________________________________________|
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Cystic Fibrosis

N. Lennard Specht, MD, FACP

CHAPTER OBJECTIVES:

After reading this chapter you will be able to identify:

B The probability of a child being born with cystic fibrosis if both parents are carriers
of the cystic fibrosis gene.

B The pathological changes in the lungs and pancreas associated with cystic fibrosis.

The typical symptoms and physical examination findings associated with cystic

fibrosis patients.

The abnormalities seen on the chest radiograph in patients with cystic fibrosis.

The typical pulmonary function study results seen in cystic fibrosis patients.

The common results of sputum analysis from the patient with cystic fibrosis.

The sweat chloride levels associated with cystic fibrosis in children and adults.

The treatment of cystic fibrosis patients.

The prognosis for patients with cystic fibrosis.

INTRODUCTION

Cystic fibrosis is the most common lethal genetic disease in the United States, affecting as
many as 1 in 2000 Caucasian children.! The disease is typically diagnosed in infancy and
causes many organs of the body to malfunction (Box 5.1). The principal problems associ-
ated with the disease are bronchiectasis (abnormal dilation of a bronchus), pancreatic
exocrine insufficiency, and an elevated sweat electrolyte concentration. Patients with cystic
fibrosis typically have more morbidity from pulmonary disease than any other aspect of the
disease. Pulmonary disease is also the leading cause of death from cystic fibrosis.?

Cystic fibrosis was first formally portrayed in 1936, when Fanconi and colleagues
described two children with “cystic fibrosis of the pancreas and bronchiectasis.” Cystic
fibrosis was probably just as frequent and lethal centuries before Fanconi published his
landmark article. In 18th- and 19th-century European literature, there are numerous refer-
ences to children with abnormalities suggestive of cystic fibrosis. Most of these reports
noted a correlation between a child’s salty taste when kissed and the likelihood the child
would die at a very young age.*

ETIOLOGY

Cystic fibrosis is an inherited disease that primarily affects Caucasians of European
descent. The inheritance pattern is autosomal recessive, so patients affected by the dis-
ease have two genes for cystic fibrosis (one gene given by each parent). Those who have

3
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5.1 Organ Systems Involved in Cystic Fibrosis

Lungs

® Bronchiectasis

® Bronchitis

® Pneumonia

* Atelectasis

® Mucus plugging

® Respiratory failure

Pancreas

© Pancreatic exocrine insufficiency
® Recurrent pancreatitis
* Diabetes mellitus

Sweat Glands

® Increased electrolyte concentration in the sweat

Upper Airway

® Recurrent sinusitis
* Nasal polyps

Intestines

® Meconium plug
* Meconium ileus
® Intussusception

Liver

e Cirrhosis
* Neonatal jaundice

Gallbladder

® Cholelithiasis

Salivary Glands

e Altered electrolyte concentration of secretions

Reproductive System

® Obstructed vas deferens
® Decreased female fertility

only one gene for cystic fibrosis
are called carriers. Carriers show
no evidence of cystic fibrosis
and live healthy lives. If two
carriers have a child, however,
chances are one in four that the
child will have cystic fibrosis. It
is estimated that between 1 in
16 to 1 in 35 Caucasians carry
the cystic fibrosis gene.>® The
frequency of cystic fibrosis
births among Asians (1:35, 100)
and African Americans (1:15,
100) is much lower than among
Caucasians.®

The gene responsible
for the development of cystic
fibrosis has been identified on
chromosome 7.7 The gene may
be altered (mutated) in more than
1000 different ways; most of these
mutations cause cystic fibrosis.
The most common abnormality
of the gene is deletion of three
base pairs in the DNA. This
three-base-pair deletion leads to
the loss of one amino acid from
the protein encoded by the gene.
This mutation is known as AF508.
The AF508 gene accounts for
70% to 75% of the genetic abnor-
malities responsible for cystic
fibrosis. The severity of a patient’s
cystic fibrosis is partly related to
the genetic form of the disease
that he or she inherits.”*°

The cystic fibrosis gene
(CFTR) contains the code for
a large protein that regulates
the flow of chloride ions (salt)
through glands that secrete fluids
(exocrine glands).***? In addi-
tion to regulating chloride move-

ment through the apical cell membrane, the chloride channel appears to have a tight
spatial arrangement with many other membrane proteins. This entire complex regulates
the flow of ions including chloride, sodium, and ATP across the cell membrane. Mutation
of CFTR makes cystic fibrosis patients have a malregulation of the salt composition of
their secretions, which is responsible for most, if not all, of the problems that these

pati

ents face.
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PATHOPHYSIOLOGY

Cystic fibrosis is characterized as a generalized exocrinopathy. To some degree, the disease
affects virtually all exocrine glands of the body. The classic triad of exocrine abnormalities
consists of pancreatic insufficiency, chronic recurrent pulmonary infections, and an ele-
vated sweat electrolyte concentration.*®

The pancreas of patients with cystic fibrosis begins to show signs of disease
before birth. As the disease progresses, the pancreas becomes smaller and fibrotic.
Microscopic examination of the pancreas reveals obstruction of the pancreatic ducts and
ductules. This is followed by dilation of the glandular lumen and, eventually, replacement
of the exocrine glands with fibrous connective tissue.

Lung disease causes the greatest morbidity and mortality for patients with cystic
fibrosis. The three most common pulmonary problems that these patients face are recurrent
pulmonary infections, bronchiectasis, and bronchial hyperactivity. These problems may be
mild in young children, but their frequency and severity increase as the disease progresses.

In the earliest stages of cystic fibrosis, the lungs often appear normal. As patients
mature, however, the lungs show a progressive increase in the size and number of bronchial
goblet cells (mucous glands) and inflammation in the peribronchial tissue. The airway
mucosa changes from normal epithelium to stratified squamous epithelium in a process
called squamous metaplasia. In patients who have had pulmonary symptoms for several
years, these findings are more widespread and severe. Emphysematous changes are fre-
quently seen, and hemorrhage can be found within the
lung. Mucus plugging is seen in small airways, and The pathological changes in
bronchiectasis is a universal finding. the lungs associated with

During the end stages of the disease, obstruc- | cystic fibrosis progress over
tive emphysema is frequent, but destruction rarely | time Eventually, the lung
involves more than 10% of the lung.** Mucus plugging | pecomes grossly abnormal
is pronounced, and abscesses are found distal to these | owing to hyperinflation,
plugs. Lymph nodes in the hilum of the lung are | fprosis, and mucus plugging.
enlarged.™

CLINICAL FEATURES
History

Cystic fibrosis is usually first recognized during infancy or childhood, but a small num-
ber of patients are diagnosed as young adults. Recurrent pulmonary infections are often
the problem that first brings patients with cystic fibrosis to medical attention.*® Children
with cystic fibrosis have more frequent and more prolonged respiratory infections than
normal children. Most infants with cystic fibrosis have a chronic cough and wheezing. As
the disease progresses, symptoms of bronchiectasis become more prominent. Clubbing
of the digits and dyspnea on exertion are also seen. Fevers are seldom present during
exacerbations of bronchiectasis but may be very high during episodes of pneumonia. In
advanced stages of the disease, complications of lung involvement include hemoptysis
(which is occasionally massive), pneumothorax, atelectasis, cor pulmonale, and respira-
tory failure.

Pancreatic involvement with cystic fibrosis causes pancreatic exocrine insuffi-
ciency. The lack of pancreatic enzymes leads to maldigestion and malabsorption.
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Pancreatic exocrine insufficiency is associated with diarrhea and stools that contain large
amounts of fat. These symptoms are frequently associated with crampy abdominal pain,
malnutrition, and failure to maintain a normal growth rate.!” Other less common gastroin-
testinal symptoms include meconium plug, intussusception (slipping of one part of the
intestine into another part), rectal prolapse, intestinal obstruction, prolonged neonatal jaun-
dice, hepatic cirrhosis, cholelithiasis (bile stones in gallbladder), recurrent pancreatitis, and
diabetes mellitus.

Abnormalities of sweat production result in excessive concentrations of salt in the
sweat. This increase in salt leads to a salty taste to the skin and the development of salt crys-
tals on the skin or within clothing, particularly shoes. Loss of electrolytes during warm
months of the year can lead to heat intolerance, heat prostration, electrolyte depletion, and
dehydration.

Though the most severe respiratory problems occur in the lungs, the upper airway
is also affected by cystic fibrosis. Cystic fibrosis patients frequently develop recurrent
sinusitis and nasal polyps.

Almost all men and most women with cystic fibrosis are sterile. If a woman with
cystic fibrosis becomes pregnant, she is not likely to carry the infant to term. If a woman
with cystic fibrosis maintains the pregnancy to term, the infant will be a carrier of the cys-
tic fibrosis gene or may have cystic fibrosis.

Physical Examination

The physical examination of affected patients is nearly always abnormal within a few years
after the diagnosis is established. Cystic fibrosis patients are typically thin children or
young adults. If respiratory distress is present, accessory muscles of respiration will be
used. A productive cough is an almost universal finding. Examination of the extremities
may disclose clubbing of the digits. The upper airway may reveal nasal polyps or tender-
ness over the sinuses. The chest may appear barrel shaped. The lungs usually have diffuse,
coarse crackles and wheezes.

In advanced disease, cyanosis around the mouth is associated with hypoxemia.
Auscultation of the heart may disclose a loud pulmonic component of the second heart
sound (S,), which is suggestive of pulmonary hypertension. Jugular venous distention and
pedal edema are associated with the development of right heart failure (cor pulmonale).

Laboratory Evaluation

Avrterial blood gases (ABGs) are nearly normal early in the disease, with an increase only
in the alveolar-arterial oxygen gradient P(A-a)O,. Hypoxemia on room air increases as the
disease progresses. Hypercapnia and severe hypoxemia occur only with very advanced
lung disease.

Serum chemistries and blood counts show no abnormalities unique to cystic fibro-
sis. With advanced disease, elevation of serum bicarbonate (HCO; ™) is seen as a result of
chronic respiratory failure, and elevations of the hematocrit may reflect chronic hypoxemia.
Acute bronchopneumonia can lead to an elevation of the white blood cell (WBC) count,
with an accompanying shift to more immature granulocytes. Serum protein and albumin
concentrations may be low if malnutrition is present.

Patients with cystic fibrosis typically have pathogenic organisms in their sputum.
The three organisms most commonly found are Staphylococcus aureus, Haemophilus
influenzae, and Pseudomonas aeruginosa. The strain of P. aeruginosa found in patients
with cystic fibrosis typically produces mucin. This mucoid form of P. aeruginosa is found
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almost exclusively in the airways of patients with cystic fibrosis. Severe exacerbations may
be caused by several different strains of mucin-producing P. aeruginosa. A small number of
patients with cystic fibrosis become infected with a group of bacteria called Burkholderia
cepacia complex. Cystic fibrosis patient infected with B. cepacia complex have a more
rapid loss of lung function'® and have higher mortality rates if they undergo transplanta-
tion.’ B. cepacia complex can be spread by direct contact between patients with cystic
fibrosis. It is recommended to isolate patients infected with B. cepacia from other cystic
fibrosis patients.

Chest Radiograph

The chest radiograph characteristically shows hyperinflation, seen as a flattening of the
hemidiaphragms and an increase in the retrosternal airspace (Fig. 5.1). Bronchial wall
thickening is commonly seen as parallel lines radiating outward from the hilum (tram
tracks) (Fig. 5.2). Small, rounded opacities can be seen in the periphery of the lung, which
may represent small abscesses distal to impacted airways. These areas of infection usually
clear, leaving a residual of small cysts. Other abnormalities seen on chest radiographs
include atelectasis, fibrosis, hilar adenopathy, acute bronchopneumonia, and pneumothorax
(Fig. 5.3).

Pulmonary Function Studies

Pulmonary function testing is very useful to evaluate the extent of lung disease and follow
the rate of disease progression. By following the rate of disease progression, the clinician

FIGURE 5.1 Chest radiograph of a patient with cystic fibrosis.
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FIGURE 5.2 Close-up of bronchiectatic airway as
seen on chest radiograph. Note that the thickened
bronchial walls appear as parallel white lines,
popularly called "tram tracks.”

o**®
=4 uﬁ" Vq

FIGURE 5.3 Chest radiograph of a patient with cystic fibrosis and a right
pneumothorax. Note the pleural line visible in the right chest and the
absence of lung markings beyond the line.
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can increase therapy if lung function deteriorates unex-
pectedly. Spirometry typically reveals airway obstruc-
tion with a reduction in forced expiratory volume in 1
second (FEV;). Loss of forced vital capacity (FVC) is
seen in advanced disease. Both of these changes may
improve after the administration of bronchodilators.
Residual volume increases early in the course of the
disease and can be best measured via body plethysmography.

T he signs of cor pulmonale
(e.g., loud P, and jugular
venous distention) in
patients with CF suggest
severe disease.

DIAGNOSIS

Sweat chloride measurement has been the standard technique for confirming the diagnosis
of cystic fibrosis. Sweat secretion is stimulated, and sweat is collected under an airtight seal.
After about 0.1 mL of sweat is collected, the electrolyte concentration is measured. In chil-
dren, a sweat chloride concentration greater than 60 mEg/L is consistent with the diagnosis
of cystic fibrosis.? A concentration greater than 80 mEq/L is usually required to confirm the
diagnosis of cystic fibrosis in adults.? If the concentration is equivocal (50 to 80 mEg/L), a
repeat measurement will usually resolve the question. Although the sweat electrolyte con-
centration is useful for confirming the diagnosis of cystic fibrosis, it must be performed with
meticulous attention to detail, or the results may be misleading.?? The diagnosis of cystic
fibrosis can also be established through neonatal screening before symptoms develop.

Discovery of the cystic fibrosis gene has
made it possible to perform diagnostic testing for
some of the genetic abnormalities associated with cys-
tic fibrosis. Testing for just the DF508 gene will iden-
tify about 70% of the abnormal genes or about 50%
of affected patients. Testing for all currently known
cystic fibrosis genes will identify the vast majority of
the abnormal genes responsible for cystic fibrosis.
Because routine genetic testing cannot identify 100%
of the cystic fibrosis genes, it is best reserved for evaluation of patients with suspected cys-
tic fibrosis who have equivocal results from sweat chloride testing and subjects who require
genetic counseling because they are at high risk for having children with cystic fibrosis.?®
If it is likely that a couple will have a child with cystic fibrosis, the fetus can be checked
with amniocentesis?*? or before implantation following in vitro fertilization.?®?’

'he sweat chloride test for
CF must be performed by
experienced clinicians for
the results to be most
helpful in making the initial
diagnosis.

TREATMENT

Initiating early treatment in patients with cystic fibrosis leads to a decreased rate of lung
volume loss, improved weight gain, and improved survival rate.?® The Cystic Fibrosis
Foundation has a network of cystic fibrosis centers throughout the United States that mon-
itor their patients frequently and aggressively treat disease flare-ups. Frequent monitoring
and aggressive intervention results in improved outcome.?

Reversal of the Defect

Cystic fibrosis lung disease is caused by the dysfunction of a protein that regulates elec-
trolyte movement. Several strategies are being attempted to reverse the defective electrolyte
transport in the lungs of these patients.



Copyright © 2007 by F. A. Davis.

106

Chapter 5 Cystic Fibrosis

Gene Therapy

Gene therapy holds great promise for patients with cystic fibrosis. If a normal gene for the
chloride channel could be inserted into cells and these cells make a normal chloride chan-
nel, the molecular defect of the disease would be corrected. Correction of the molecular
defect could cure cystic fibrosis. There are two problems gene therapy must overcome
before its potential can be reached; first the cells that are most important to correct must be
identified, and second, a reliable, safe way of placing a copy of the gene into those cells
must be found.

Attempts at gene therapy thus far treat the surface of the airway, correcting only
the epithelial cells on the surface. When the epithelial cells are corrected, chloride ions
move normally across the airway. The reserve cells that generate future epithelial cells are
not corrected, so the genetic correction is lost over a few days through the normal process
of epithelial cell replacement. Submucosal glands that make mucous are also not corrected
with surface treatments. It is not clear if cells in the submucosal glands need to be corrected
to stop the progression of cystic fibrosis lung disease.

The normal gene is transferred to cells using two techniques. One technique uses
specialized fat molecules called liposomes that form complexes with DNA. A mixture of
liposomes is then applied to the surface of the nose or aerosolized into the airway. A small
number of cells would then take up the normal gene from the liposomes and be corrected.
A second technique is virally mediated gene transfer. For this technique, the normal chlo-
ride channel gene is inserted into a virus that has had its DNA inactivated. When the virus
is placed on a respiratory epithelium, it injects the gene into epithelial cells. This technique
is intermittently effective at transferring the gene for the normal chloride channel®*-2 but
may cause an immune reaction that produces lung inflammation or makes future treatments
less effective.*

Transplantation

Heart-lung transplantation and bilateral lung transplants have been used successfully to
treat patients with end-stage lung disease caused by cystic fibrosis. Transplantation reverses
the physiologic abnormalities that characterize cystic fibrosis lung disease** but requires
immunosuppression, which can lead to opportunistic infections.® Indications for trans-
plant include predicted five-year survival less than 30% and FEV; less than 30% predicted.
Lung transplantation is available only at specialized transplant centers and costs $100,000
to $200,000 depending whether one or both lungs are transplanted.

Pharmacotherapy

Another approach to reversing the defect of cystic fibrosis is to give drugs that eliminate
some or all of the abnormal electrolyte transport. Aerosolized amiloride,**3" nucleotides
(for example adenosine®*° or INS37217°) may overcome some of the ion transport abnor-
malities associated with cystic fibrosis. Early trials of these substances have been promis-
ing, but it is not known whether these agents alter the course of cystic fibrosis.

Respiratory Secretions

The most significant health threat to cystic fibrosis patients is recurrent respiratory infec-
tions. These infections are associated with increased production of mucinous secretions
and the tendency to obstruct small- and medium-sized bronchi with mucus plugs. Postural
drainage and chest physiotherapy assist patients in clearing mucus plugs. Administration of
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chest physiotherapy results in an acute improvement in a number of pulmonary function
measurements.***? Autogenic drainage is a mechanism that patients use to clear their own
pulmonary secretions;* it appears to be as effective as chest physiotherapy and postural
drainage.*

The breakdown of neutrophils is an important cause of sputum viscosity in
patients with cystic fibrosis. The DNA of dying neutrophils is released into the sputum,
increasing its viscosity. Breaking up the DNA with the recombinant human deoxyri-
bonuclease (DNase) improves sputum viscosity and clearance. The improved ability to
clear secretions may be responsible for the reduction in the number of exacerbations
patients on inhaled DNase experience. DNase inhalation also improves FEV; pulmonary
function and reduces the need for antibiotic therapy.*>*" Regular aerobic exercise also
helps clear pulmonary secretions. Trampoline exercise has been recommended for cystic
fibrosis patients,® but the risk of trampoline-related injuries suggests other forms of
exercise are preferable.*® Additional therapies to assist in bronchial clearance include air-
way oscillators,*® voluntary coughing,®® and the use of a positive expiratory pressure
(PEP) mask.%?

Most other treatments that have been used to help cystic fibrosis patients clear
secretions have not been shown to be clearly beneficial and have not been widely adopted.
These procedures include the following:

The most important
management priorities for
cystic fibrosis patients
involve prevention of
respiratory tract infections
and early treatment of
infections when they occur.

e Administration of mists and aerosols of saline or
water to help hydrate secretions and make them eas-
ier to expectorate

e Administration of mucolytic aerosols to liquefy
mucus plugs

e Bronchoscopy with bronchoalveolar lavage to clear
mucus plugs from intermediate and small airways

Respiratory Infections

Repeated lung infections are almost universal in patients with cystic fibrosis. These infec-
tions lead to destruction of lung tissue and therefore to loss of pulmonary function.
Antibiotics are a critical component of the treatment of these infections and preservation of
lung function. Although the exact timing for the initiation of antibiotics remains controver-
sial, antibiotics are usually started when new symptoms develop that suggest respiratory
infection. These symptoms may include change in cough, new onset of cough, change in
character or consistency of sputum, sudden deterioration in pulmonary function, fever,
chest radiograph changes, and lack of expected weight gain. The initial choice of antibi-
otics should be effective against organisms that commonly infect patients with cystic fibro-
sis. The antibiotic coverage is adjusted once the sputum culture discloses a predominant
organism. Serious infections may require IV antibiotics. Prolonged courses of 1V antibi-
otics usually begin in the hospital but may be continued at home after the patient or family
has learned to administer the antibiotics.

Oral antibiotics are frequently used for less severe respiratory infections.
Fluorinated quinolones belong to a potent class of oral antibiotics, many of which have
acceptable activity against P. aeruginosa. These oral antibiotics are highly effective at con-
trolling exacerbations of cystic fibrosis, but antibiotic-resistant strains may become a sig-
nificant problem.*
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Aerosolized tobramycin is well tolerated by
children and adults with cystic fibrosis.>* Tobramycin
is typically nebulized twice daily every other month,
which has been shown to reduce the frequency of
exacerbations and to improve lung function in cystic
fibrosis patients with stable disease.

ystic fibrosis patients with
significant pulmonary
disease often need a variety
of treatment modalities to
clear mucus, reduce dyspnea,
and treat infections.

Bronchial Hyperactivity

Many patients with cystic fibrosis have bronchial hyperactivity similar to asthma (see
Chapter 3), so the symptoms of bronchial hyperactivity are usually treated with agents used
to treat asthma. Treatment includes administration of inhaled or oral beta-agonists and
theophylline. Anti-inflammatory agents (e.g., cromolyn sodium, inhaled or oral cortico-
steroids) have been helpful in some cases.

Airway Inflammation

Recurrent lung infections lead to an intense inflammatory response in the airways of cystic
fibrosis patients. Controlling the inflammatory response may preserve lung function and
help prolong the lives of these patients.

Giving the anti-inflammatory drug ibuprofen to result in a peak plasma concen-
tration of 50 to 100 mcg/mL significantly slows the progression of lung disease.>®

Giving the macrolide antibiotic azithromycin 250 mg per day to cystic fibrosis
patients who have P. aeruginosa in their sputum improves their lung function and quality of
life and reduces the frequency of bronchiactatic exacerbations. Because psuedomonas
organisms are typically resistant to macrolides, the mechanism of action of azithromycin is
unclear. Azithromycin may reduce airway inflammation or it may modify the pseudomonas
to make it less pathogenic.*®

Pancreatic Insufficiency

Patients with cystic fibrosis are frequently malnourished because of pancreatic exocrine
insufficiency, inadequate food intake,®” and the high metabolic demands associated with
infection. Pancreatic enzyme replacement is standard therapy for relieving the symptoms
of pancreatic exocrine insufficiency. The enzymes are usually given as capsules or pills
before every meal and are adjusted to relieve steatorrhea (fatty stools). In addition, fat-
soluble vitamins (A, D, E, and K) are routinely supplemented. Patients should be encour-
aged to eat a balanced diet and avoid excessive fat intake.>®

PROGNOSIS

The prognosis for patients with cystic fibrosis is steadily improving. At one time, most
patients would not live beyond their 10th birthday. Now, with aggressive treatment of this
multisystem disease, most cystic fibrosis patients live past age 30.%°
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HISTORY

Ms. M is a 26-year-old woman who presented to the pulmonary clinic for the first time
with complaints of dyspnea on exertion and a productive cough. She reports a productive
cough for many years and periodically developed yellow or green sputum and occasional
hemoptysis. These symptoms were attributed to bronchiectasis. When she was a child, her
parents were told she had asthma. She also had many childhood respiratory infections
requiring hospitalization. At age 11, she was told she had bronchiectasis. Since that time
her therapy included inhaled albuterol and occasional antibiotic therapy. She had no regular
pulmonary hygiene program.

Three weeks before admission, an increasingly severe cough producing greenish spu-
tum developed. She also noticed increasing dyspnea on exertion and wheezing. Her family
physician gave her a prescription for ciprofloxacin 750 mg twice daily, but her symptoms
progressed despite this therapy. Her current symptoms increased to such a degree that she
requested sick leave from her job as a secretary.

This is the third such episode Ms. M has experienced in the last year. Her previous
episodes were successfully treated with oral ciprofloxacin. She chronically heard wheezing
and crackles with breathing, particularly when she went to bed at night. She also had diffi-
culty maintaining weight and felt she was far below her ideal weight. She did not have
fever, chills, pharyngitis, cordon, or purulent nasal discharge. She had no problems with
steatorrhea (fatty stools), nasal polyps, or sinus infections.

Ms. M never smoked. Her father had a chronic problem with bronchiectasis that began
as a teenager. Ms. M had been tested for cystic fibrosis using a sweat chloride concentra-
tion when she was first diagnosed with bronchiectasis at age 11. Her sweat chloride con-
centration was 57 mEg/L.

QUESTIONS ANSWERS

1. What features of this patient's A number of features in the history support the
history support the diagnosis of  suspicion that this woman has cystic fibrosis. The
cystic fibrosis? development of bronchiectasis at a young age,

particularly in an area of the world where antibiotics
are readily available, suggests cystic fibrosis. Children
with cystic fibrosis are occasionally misdiagnosed in
infancy as having asthma. Her weight loss and inabil-
ity to maintain a normal body weight are indicative of
cystic fibrosis, as are her symptoms of asthma and
recurrent pulmonary infections in childhood.

2. Which parts of Ms. M's history This patient lacks certain classic characteristics of
suggest that she does not have cystic fibrosis. She does not have diarrhea or symp-
cystic fibrosis? toms of malabsorption that suggest pancreatic

exocrine insufficiency and she lacks a history of
sinus difficulties or nasal polyps.

3. Does her sweat chloride concen-  No, a sweat chloride value of between 50 and 80
tration help to clarify whether mEq/L is considered equivocal.
or not she has cystic fibrosis?
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4. What findings would you expect
on physical examination if this
patient has cystic fibrosis?

5. What additional testing would
be appropriate to support or
refute the diagnosis of cystic
fibrosis?

You would expect to find a thin, underweight
woman with an increased anteroposterior (AP)
chest dimension. Her fingers would show clubbing,
and if the lung disease was very advanced, she
would have some cyanosis. Auscultation of breath
sounds would reveal inspiratory crackles and expi-
ratory wheezing. If cor pulmonale was present, one
would see distended neck veins and edema in the
lower extremities and hear a loud P,.

Because the sweat chloride test done in childhood
was equivocal, a repeat sweat chloride test should
be performed. If the repeated sweat chloride con-
centrations are equivocal, then gene probes may be
useful to determine whether she is homozygous for
the cystic fibrosis genes.

PHYSICAL EXAMINATION

® General. A thin, young, Caucasian woman with a productive cough; uses accessory
muscles of respiration but appears to be breathing comfortably and can converse

without apparent dyspnea.

e Vital Signs. Temperature 37.2°C; (99.0°F), pulse 71/min, respiratory rate 19/min; blood

pressure 105/72 mm Hg.

* HEENT. Nasal polyp seen in left nares; no sinus tenderness noted; oral examination
normal and mucous membranes moist; eye and ear examinations normal.

® Neck. Trachea in midline position; both carotid impulses normal in contour and intensity;

no jugular venous distention.

¢ Chest. AP dimensions of chest increased; diffuse inspiratory and expiratory crackles with
polyphonic expiratory wheezing heard over both lungs; hyperresonance noted with chest

percussion.

e Heart. Regular rate with loud P, component of S, noted on cardiac auscultation; no
murmurs or gallops noted; point of maximum impulse (PMI) difficult to appreciate but
located in the fifth interspace 2 to 3 cm lateral to sternal border.

e Abdomen. Bowel sounds active, with no guarding or tenderness; liver 8 cm in the
midclavicular line; no masses palpated.

e Extremities. Digital clubbing, but no cyanosis or edema; pulses equal and symmetrical.
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ANSWERS

6.

10.

12.

This patient does not have a
fever at the time of examination
or a history of fever before this
visit. Does the lack of fever
indicate that the patient does
not have a significant exacerba-
tion of her lung disease?

. What is the significance of Ms.

M's underweight appearance?

. What is a nasal polyp, and what

respiratory problems may it
create?

. What is indicated by an increase

in the AP dimension of the
chest?

What is the significance of the
crackles heard over the lungs?

. The S, has two components: an

aortic sound (A,) and a pul-
monic sound (P,). Describe the
source of these heart sounds
and the meaning of a loud P,.

Why does this patient have a
cardiac PMI that is decreased in
intensity and displaced from the
normal position?

No. Patients with exacerbations of bronchiectasis
typically complain of copious, grossly purulent
secretions and dyspnea; however, fever is infre-
quent during bronchiectatic exacerbations. The best
guide to determine the severity of a bronchiectatic
exacerbation is the nature and severity of the
symptoms. Fever is commonly found with pneumo-
nia or viral respiratory infections; thus, if Ms. M had
presented with a fever, pneumonia or viral illness
would have been the most likely cause.

The underweight appearance is suggestive of cystic
fibrosis in patients with symptoms such as these.
Malnutrition develops in these patients as a result
of (1) malabsorption owing to pancreatic exocrine
insufficiency, (2) a lower than normal caloric intake,
and (3) increased metabolic demands owing to
respiratory effort and recurrent infections.

A nasal polyp is an overgrowth of mucosa in the
nose that leads to a fingerlike growth. These polyps
tend to form in cystic fibrosis patients, and they
may become so numerous or large that they
completely block the nasal passages.

When the lungs become hyperexpanded because of
air trapping, the chest enlarges, particularly in the
AP dimension. This increase in chest diameter is
associated with emphysema, chronic bronchitis,
asthma, and cystic fibrosis.

Crackles are associated with increased pulmonary
secretions. In advanced cases of cystic fibrosis, the
lung examination will almost always disclose
crackles. The presence of crackles in this case does
not necessarily represent pulmonary edema or
pneumonia.

The S, has two components. One is created when
the aortic valve closes (A,) and the other is pro-
duced when the pulmonic valve closes (P,).
Normally, A, is louder than P,; the reverse is
suggestive of pulmonary hypertension.

As the lungs hyperexpand because of obstructive
lung disease, the heart is forced to assume a more
vertical and central position in the chest. This
change in position can be seen on physical exami-
nation by a movement of the PMI centrally and
toward the epigastrium.
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13. This patient has digital clubbing. ~ Clubbing is enlargement of the tips of the fin-

What does clubbing of the fin- gers and toes; it is convexity of the nails and is

gers look like, and what it may often seen in patients with chronic lung disease.

indicate? It is unclear why clubbing develops in these
patients.

14. What laboratory work should be  Several questions should be clarified before the
ordered at this time? optimum treatment program can be initiated:

a. Does she have pneumonia or just an exacerba-
tion of her bronchiectasis?

b. Is her dyspnea due, in part, to hypoxemia?

c. Is her nutrition adequate?

To evaluate for pneumonia, a chest radiograph plus
a WBC count and differential should be ordered.
Hypoxemia can be identified by ABG analysis. If
chronic hypoxemia is present, there is usually an
elevation of the hemoglobin concentration or the
hematocrit. Malnutrition can be evaluated by
measurements of serum proteins such as prealbu-
min, albumin, and total protein.

Box 5.2 Laboratory Evaluation

Chest Radiograph (Fig. 5.4)

ABG Value
pH 7.42
Paco, 34 mm Hg
Pao, 67 mm Hg
HCO,~ 21 mEq/L
P(A-a)0, 39 mm Hg
0, content 17.5 mL/dL

Observed Normal
WBCS/mm3 12,400 4,000-11,000
Red blood cells (M/mL) 47 4.1-5.5
Hemoglobin (g/dL) 14.2 14-16.5
Hematocrit (o) 43 37-50
Differential
Segmented neutropbhils (%) 72 38-79
Band neutrophils (%) 12 0-7
Lymphocytes (%) 13 12-51
Monocytes (%) 1 0-10
Eosinophils (%) 1 0-8
Basophils (%) 1 0-2

(box continued on page 113)
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Observed Normal
Na* (mEq/L] 138 136-146
K* (mEq/L) 46 3.5-5.1
CI~ (mmol/dL) 106 98-106
HCO,~ (mm/L) 20 22-29
BUN (mg/dL) 13 7-18
Creatinine (mg/dL) 0.7 0.5-1
Calcium (mmol/L) 2.1 2.1-255
Phosphate (mg/dL) 2.7 2.7-45
Uric acid (mg/dL) 3.4 4.5-8.2
Albumin (g/dL) 3.1 3.5-5.0
Protein (g/dL) 6.0 6.4-8.3

15 MAR 91

FIGURE 5.4 Chest radiograph of Ms. M. (A) PA film. (B) Lateral view.

QUESTIONS ANSWERS

15. How would you correlate Ms. Scoliosis is noted in the thoracic and lumbar spine.
M's chest radiograph with her The lungs are hyperexpanded with diffuse reticular
condition? nodular opacities throughout both lungs. Numerous

cystic airspaces are seen, as are occasional thick-
ened bronchial walls. This radiograph is consistent
with a patient with bronchiectasis or cystic fibrosis.
Although the disease is more pronounced in the
right lung, no focal areas of pneumonia are seen.
This woman appears very thin, with no excessive
soft tissue shadows.
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16. How would you interpret the
ABGs?

17. Why are the WBC count and the
number of band neutrophils
elevated?

18. What do a low albumin and
total protein level indicate?

19. What additional diagnostic tests
would be important to obtain?

20. If the physician decides to admit
this patient to the hospital,
what respiratory therapy orders
would you suggest?

Ms. M has a chronic respiratory alkalosis and a
widened P(A-a)o,. Mild hypoxemia is present.

An acute infection of any type can elevate the WBC
count and lead the bone marrow to release imma-
ture neutrophils (bands) into the blood to help fight
the infection. In this case, the elevation is most
likely due to either pneumonia or an exacerbation
of bronchiectasis.

Both of these serum proteins are likely to be
depressed in the setting of malnutrition.

With any infection, selection of the appropriate
antibiotic is easiest if the physician knows the
offending organism. It is important to culture the
sputum to determine, if possible, what organism is
causing her infection. Identifying the infecting organ-
ism in this case is very important, because Ms. M has
already failed to respond to one course of antibiotics.

Respiratory therapy should aim to reverse bron-
chospasm and assist in the clearance of secretions.
Inhaled beta-agonists will help reverse bron-
chospasm. The optimum method of delivering beta-
agonists is not clearly defined. Either a metered-
dose inhaler (MDI) or a nebulized solution would be
appropriate. To help clear secretions, chest physio-
therapy and postural drainage should also be
started. Other therapies, such as mist tents, bland
aerosol therapy, and N-acetyl-L-cysteine, have been
used to help patients clear pulmonary secretions,
but they have not proved effective.

Ms. M fails to improve on oral antibiotics, and her physician admits her to the medicine
service for more aggressive treatment. The admitting orders include the following:

® Supplemental vitamins A, D, E, and K

e Aminophylline 1 g in 0.25 L normal saline: an initial IV infusion of 5 mg/kg over
30 minutes, then constant infusion at a rate of 0.5 mg/kg/hour

e Piperacillin IV 1 g every 6 hours

e Chest physiotherapy and postural drainage every 6 hours

* Theophylline level on the second hospital day

* Amikacin level before and after the third dose of amikacin

¢ Sputum Gram stain and culture
e Sweat chloride concentration

* Gene probe for the AF508 gene
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ANSWERS

21.

22.

23.

24,

25.

26.

27.

The admitting physician believes
Ms. M may have cystic fibrosis.
Why did the physician prescribe
the supplemental A, D, E, and K
vitamins?

What is albuterol? What are the
potential side effects?

Is the prescribed chest physio-
therapy and postural drainage
important for this patient, or
should you recommend that it
be discontinued? Why?

What is the most important
thing that you as a respiratory
care practitioner could teach
this patient to help in her
long-term health?

If this patient is found to have
cystic fibrosis, what organisms
would you expect to find on the
sputum culture?

One of the microorganisms that
patients with cystic fibrosis
commonly have as a respiratory
pathogen has a unique charac-
teristic. What is unique about
the P. aeruginosa found in cystic
fibrosis patients?

If Ms. M is found to have cystic
fibrosis, what are the odds that
she will have both copies of the
AF508 gene?

Ms. M appears mildly malnourished on physical
examination and on her admitting laboratory work-
up. If she has cystic fibrosis she may have difficulty
absorbing fat and the fat-soluble vitamins. To over-
come the vitamin deficiency, these patients are
generally given the supplemental fat-soluble
vitamins A, D, E, and K.

Albuterol is an inhaled beta-agonist. The purpose of
giving it to this patient is to reverse bronchospasm,
which is the cause of her wheezing and some of her
dyspnea. The primary side effects of albuterol are
tachycardia, tachyarrhythmias, and tremors.

Chest physiotherapy is very important for patients
with bronchiectasis and cystic fibrosis. Mucus plugs
in the distal airways may obstruct these airways
and cause right-to-left shunting, leading to small,
distal abscesses. Therefore, clearance of mucus
plugs is very important for patients with cystic
fibrosis. Chest physiotherapy and postural drainage
will help move these mucus plugs from the distal
airways to the large central airways, from which
they can be expectorated.

Ms. M has had no program of bronchial hygiene.
She should be instructed in postural drainage, and a
family member should be taught to perform chest
physiotherapy. Other therapies that may assist
bronchial hygiene include regular exercise and the
use of PEP by mask or mouthpiece.

The three organisms most commonly found in the
tracheal secretions of patients with cystic fibrosis
include H. influenzae, S. aureus, and P. aeruginosa.

The P. aeruginosa organism that infects patients
with cystic fibrosis differs from the vast majority of
P. aeruginosa isolates in that it produces mucin.

The AF508 gene accounts for about 70% of the
abnormal genes that cause cystic fibrosis. To have
the disease, the affected individual must have two
genes that cause cystic fibrosis. The chance that an
individual with cystic fibrosis has both AF508 genes
is (0.7 X 0.7 X 100) = 49%.



Copyright © 2007 by F. A. Davis.

116 Chapter 5 Cystic Fibrosis

The sputum culture grows a mucinous strain of P. aeruginosa that is resistant to
ciprofloxacin. Ms. M's sweat chloride concentration is 103 mEg/L. The gene probe reveals
only one copy of the AF508 gene.

QUESTIONS ANSWERS

28. What effect does inhaled DNase  DNase breaks up the DNA in the sputum of patients
have on the sputum of patients  with cystic fibrosis. This effect decreases the viscos-
with cystic fibrosis? ity of the sputum and makes it easier to expecto-

rate. The administration of inhaled DNase in
patients with cystic fibrosis has been shown to
improve FEV,, prolong the time between respiratory
exacerbations, and improve survival.

29. Does Ms. M have cystic fibrosis?  Yes, the elevation of sweat chloride to 103 mEq/L
confirms that Ms. M has cystic fibrosis. The gene
probe found that Ms. M is heterozygous for the
AF508 gene; however, there are several mutations
of the gene other than AF508 that can lead to cys-
tic fibrosis. The AF508 gene accounts for only 70%
of the genes causing cystic fibrosis. Therefore, it is
not surprising that Ms. M has only one of the
AF508 genes yet still has cystic fibrosis.

4> Ms.MConcusion

Ms. M. is hospitalized for 5 days. During this time she receives antibiotics, bronchodilators,
inhaled DNase, and chest physiotherapy. Her symptoms improve greatly, showing marked
reduction in coughing and dyspnea. She produces far less sputum, and the color is light
yellow. She is trained to administer her own IV antibiotics and to perform postural
drainage; her husband is trained to deliver chest percussion. Ms. M is discharged with a
follow-up appointment with a pulmonary specialist.

Ms. M is a typical example of an older patient with cystic fibrosis. She has many classic
features of the disease, but also lacks a significant number of common abnormalities.
Pancreatic exocrine insufficiency is one classic finding that she does not have. Patients with
normal pancreatic exocrine function have a better prognosis than those with pancreatic
dysfunction.®® m
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* Cystic fibrosis is the most common lethal genetic disease in the United States, affect-
ing as many as 1 in 2000 Caucasian children.

* Cystic fibrosis is an inherited disease that primarily affects whites of European
descent. The inheritance pattern is autosomal recessive, so patients affected by the
disease have two genes for cystic fibrosis (one gene given by each parent).

» Those who have only one gene for cystic fibrosis are called carriers. Carriers show
no evidence of cystic fibrosis and live healthy lives. If two carriers have a child, how-
ever, chances are one in four that the child will have cystic fibrosis.

* Cystic fibrosis is characterized as a generalized exocrinopathy. To some degree, the
disease affects virtually all exocrine glands of the body. The classic triad of exocrine
abnormalities consists of pancreatic insufficiency, chronic recurrent pulmonary
infections, and an elevated sweat electrolyte concentration.

 Lung disease causes the greatest morbidity and mortality for patients with cystic
fibrosis. The three most common pulmonary problems that these patients face are
recurrent pulmonary infections, bronchiectasis, and bronchial hyperactivity.

 Recurrent pulmonary infections are often the problem that first brings patients with
cystic fibrosis to medical attention.

* Pancreatic exocrine insufficiency is seen in cystic fibrosis patients and is associated
with diarrhea and stools that contain large amounts of fat. These symptoms are fre-
quently associated with crampy abdominal pain, malnutrition, and failure to main-
tain a normal growth rate.

* The chest radiograph characteristically shows hyperinflation, bronchial wall thicken-
ing (tram tracks), and small, rounded opacities in the periphery of the lung, which
may represent small abscesses distal to impacted airways. These areas of infection
usually clear, leaving a residual of small cysts.

« Other abnormalities seen on chest radiographs may include atelectasis, fibrosis, hilar
adenopathy, acute bronchopneumonia, and pneumothorax.

« Spirometry typically reveals airway obstruction by demonstrating a reduction in
forced expiratory volume in 1 second (FEV,). Loss of forced vital capacity (FVC) is
seen in advanced disease.

 Sweat chloride measurement has been the standard technique for confirming the
diagnosis of cystic fibrosis. Sweat secretion is stimulated, and sweat is collected
under an airtight seal. After about 0.1 mL of sweat is collected, the electrolyte con-
centration is measured.

« In children, a sweat chloride concentration greater than 60 mEg/L is consistent with
the diagnosis of cystic fibrosis. A concentration greater than 80 mEg/L is usually
required to confirm the diagnosis of cystic fibrosis in adults.

 Gene therapy is being developed to reverse the defective electrolyte transport in the
lungs of cystic fibrosis patients.

« Heart-lung transplantation and bilateral lung transplants have been used successfully
to treat patients with end-stage lung disease caused by cystic fibrosis.

« Postural drainage and chest physiotherapy assist cystic fibrosis patients in clearing
mucus plugs. Chest physiotherapy results in an acute improvement in a number of

pulmonary function measurements.
(key points continued on page 118)
L]
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1.

2.

10.

11.

3 = KEY POINTS (continueD)

« Antibiotics are a critical component of the treatment of respiratory infections and
therefore preservation of lung function. Antibiotics are usually started when new
symptoms develop that suggest respiratory infection. These symptoms may include
change in cough, new onset of cough, change in character or consistency of sputum,
sudden deterioration in pulmonary function, fever, chest radiograph changes, or lack

of expected weight gain.

« The symptoms of bronchial hyperactivity are common in cystic fibrosis patients and
are usually treated with agents used to treat asthma. Treatment includes the adminis-
tration of inhaled or oral beta-agonists and theophylline.

« Giving the anti-inflammatory drug ibuprofen to result in a peak plasma concentra-
tion of 50 to 100 mcg/mL significantly slows the progression of lung disease.

« Pancreatic enzyme replacement is standard therapy for relieving the symptoms of
pancreatic exocrine insufficiency in cystic fibrosis patients.

« The prognosis for patients with cystic fibrosis is steadily improving.
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Hemodynamic
Monitoring and

Shock

Robert L. Wilkins, PhD, RRT, FAARC
James R. Dexter, MD, FACP, FCCP

CHAPTER OBJECTIVES:

After reading this chapter you will be able to state or identify the following:

® The definition of cardiac output, cardiac index, and circulatory shock.

The factors that determine cardiac output.

The three general causes of shock.

The effects of shock on vital organ functions.

The clinical features and hemodynamic findings typical for the different types
of shock.

® The treatment for each type of shock.

INTRODUCTION

The circulatory system is composed of the heart, blood vessels, and blood. Each compo-
nent plays a vital role in the process of circulation. The heart is the pump that provides the
power to move blood throughout the blood vessels (perfusion). The blood vessels direct the
blood from the heart to the tissues through arteries and capillaries and back to the heart
through veins. The arteries are endowed with smooth muscle, which provides variable
resistance to flow to help maintain the blood pressure (BP) needed for perfusion. Blood is
the medium in which oxygen and other nutrients are carried to the tissues.

Supplementary organs involved in circulation include the lungs, which provide oxy-
gen; the bone marrow, which provides red blood cells; the liver, which processes nutrients
from the digestive tract; and the nervous system, which regulates muscle tone in the arteries.

The circulatory system can be divided into two major parts: the pulmonary system
and the systemic system. The pulmonary system is made up of the right side of the heart
(right atrium and right ventricle), pulmonary arteries, and pulmonary veins. The pulmonary
arteries direct blood from the right ventricle to the lungs for gas exchange. The pulmonary
veins conduct the oxygenated blood from the lungs back to the left side of the heart. The
systemic system is made up of the left side of the heart (left atrium and left ventricle), the
arteries, and the veins. The systemic arteries carry oxygenated blood from the left heart to
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the different organ systems, where oxygen and nutrients are given up to the tissues and
metabolic waste products are removed. The veins return the partially deoxygenated blood
back to the right side of the heart.

Because the purpose of circulation is to provide the organs of the body with
oxygen and other vital nutrients, circulatory failure is defined in terms of vital organ sys-
tem dysfunction. The patient is said to have circulatory failure, or shock, when circula-
tion is not sufficient to meet the metabolic needs of vital organs such as the brain, heart,
and kidneys. The primary problem associated with shock is the lack of adequate tissue
oxygenation. Although the effects of inadequate tissue oxygenation are initially
reversible, persistent hypoxia leads to complex changes that eventually cause irreversible
tissue death.

WHAT IS CARDIAC OUTPUT?

The pumping function of the left ventricle is very important, since it moves the oxygenated
blood to all areas of the body. The quantity of blood pumped out of the left ventricle each
minute is known as the cardiac output. Normally, the adult cardiac output is 4 to 8 L/min.
Since normal cardiac output is dependent on the size and metabolic rate of the patient, cli-
nicians must interpret it in relation to the patient’s body mass and metabolic rate. A cardiac
output of 3.5 L/min might be acceptable for a petite,
afebrile, resting woman, whereas this same value

T he volume of blood pumped could represent a circulatory crisis for a large, male
out of the left ventricle each patient with a fever.

minute is known as the Cardiac index (cardiac output/body surface
cardiac output. The cardiac area) is a useful parameter because it accounts for vari-
output divided by the body ations in body size. The patient’s body surface area in
surface area (obtained from square meters can be determined from standard nomo-
nomogram) is known as the grams and is divided into the cardiac output to deter-
cardiac index. mine cardiac index. A normal cardiac index is 2.5 to

4.0 L/min/m?,

WHAT DETERMINES CARDIAC OUTPUT?

Cardiac output is the product of heart rate and stroke volume (the volume of blood ejected
by the ventricle with each contraction). Heart rate is strongly influenced by the sympathetic
and parasympathetic nervous systems. Activation of the sympathetic nervous systems leads
to tachycardia and usually increases cardiac output except at extremes. Stimulation of the
parasympathetic nervous system promotes bradycardia, and profound bradycardia may
reduce cardiac output.

Stroke volume is a function of three important factors: filling volume of the ven-
tricle (preload), arterial resistance to flow out of the ventricle during contraction (after-
load), and ventricular contractility (Fig. 6.1). Bedside clinicians must evaluate all three fac-
tors in patients with circulatory insufficiency.

Preload

The strength of myocardial muscle contraction is directly related (within limits) to the
amount of stretch applied to the muscle prior to contraction. This precontraction stretch
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Cardiac output

Heart rate Stroke volume

S
0

Preload Afterload

Contractility

FIGURE 6.1 Factors determining cardiac output are stroke volume and heart rate. Stroke
volume is determined by preload, afterload, and contractility. (From Wilkins, RL, Sheldon, RL,
Krider, SJ: Clinical Assessment in Respiratory Care, Mosby-Year Book, St. Louis, 2005, with
permission.)

is known as preload and is primarily a function of venous pressure, which determines the
volume in the ventricle just prior to contraction. Up to a certain point, the more the ven-
tricle is stretched during ventricular filling (diastole), the greater the force of the subse-
quent contraction and the greater the stroke volume (Fig. 6.2). If the filling of the ventri-
cle is minimal (as in hypovolemia) the subsequent contraction results in a reduced stroke
volume. Excessive overfilling of the ventricle also leads to a reduced stroke volume as a
result of overstretching of the myocardium. The point at which optimal filling of the heart
occurs varies from patient to patient, depending on the compliance and condition of the
ventricles.

At the bedside, clinicians look at the patient’s neck veins and measure central
venous pressure (CVP) to evaluate right heart filling
pressure. A CVP catheter is often placed through a The filling volume of the
major vein in the neck when accurate measurement of | ventricles prior to contraction
CVP is needed. Clinicians may also measure the pul- | js one of the most important
monary capillary wedge pressure (PCWP) to assess | factors determining the
preload for the left ventricle. Physicians may place a | sypsequent volume of blood
balloon-tipped catheter into the pulmonary artery (PA) | ejected during systole. Too
to obtain this measurement (Fig. 6.3). Indications for | jittle filling or too much
the use of a PA catheter are described below in the | fjjling leads to a reduced
Treatment section. Normal CVP is 2 to 6 mm Hg, and stroke volume.
normal PCWP is 4 to 12 mm Hg.
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Left ventricle
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FIGURE 6.2 Ventricular function curves for the left ventricle. Note how the
stroke volume increases with an increase in filling pressure, up to a certain point.
Overfilling of the ventricle results in a decrease in stroke volume, especially in the

failing heart. (From Wilkins, RL, Sheldon, RL, Krider, SJ: Clinical Assessment in
Respiratory Care, Mosby-Year Book, St. Louis, 2005, with permission.)

Afterload

The tension created by the cardiac muscle fibers during contraction to overcome impedance
to flow out of the ventricle (aortic blood pressure) is known as afterload. Since ventricular
wall tension is very difficult to measure, other parameters are used to reflect afterload.
Systemic vascular resistance (SVR) indicates afterload for the left ventricle; pulmonary
vascular resistance (PVR) indicates afterload for the right ventricle (Table 6.1). Afterload
for the left ventricle increases with systemic vasoconstriction and decreases with peripheral
vasodilation. Afterload increases for the right ventricle with pulmonary vasoconstriction

Table 6.1 Hemodynamic Parameters

Parameter Normal Range Indication

Cco 4-8 L/min Total blood flow

Cl 2.5-4.0 L/min/m? Blood flow for size of patient
CvP 0-6 mm Hg Right ventricular preload
PCWP 6-12 mm Hg Left ventricular preload

SVR 900-1400 dynes/sec/cm® Left ventricular afterload
PVR 200-450 dynes/sec/cm® Right ventricular afterload
MAP 80-100 mm Hg Perfusion pressure

Pv~0, 35-45 mm Hg Tissue oxygenation

PAP 20-30/6-15 mm Hg Pulmonary artery pressure

CO = cardiac output; Cl = cardiac index; CVP = central venous pressure; PCWP = pulmonary capillary wedge
pressure; SVR = systemic vascular resistance; PVR = pulmonary vascular resistance; MAP = mean arterial
pressure; Pv- 0, = mixed venous oxygen tension; PAP = pulmonary artery pressure.
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} Ventricular pacemaker connectors

}Atrial pacemaker connectors

Distal lumen
(pulmonary artery)

Thermodilution cardiac output C}‘Balloon
computer connector
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FIGURE 6.3 lllustration of a pulmonary artery catheter. (From Wilkins, RL,
Sheldon, RL, Krider, SJ: Clinical Assessment in Respiratory Care, Mosby-Year Book,
St. Louis, 2005, with permission.)
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and decreases with pulmonary vasodilation. The interaction between cardiac output and
afterload determines blood pressure.

The calculation of resistance requires measurement of the driving pressure across the

circuit. For SVR this driving pressure is the difference between mean arterial pressure (MAP)
and CVP; for PVR the driving pressure is the difference between mean pulmonary artery pres-
sure (PAP) minus left atrial pressure (PCWP). Once the driving pressure is determined, the

resistance can be calculated by dividing the cardiac output into the pressure difference:
SVR = MAP (mm Hg) — CVP (mm Hg) X 80*

Cardiac output (liters/minute)

PVR = PAP (mm Hg) — PCWP (mm Hg) X 80*

Cardiac output (liters/minute)

*Used to convert the units to dynes/sec/cm®.
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An appropriate level of afterload for the left ventricle is essential to maintain ade-
quate perfusion pressures throughout the body. Decreases in afterload (peripheral vasodilation)
will cause the BP to drop. The decrease in BP will stimulate the heart to increase cardiac out-
put in an effort to maintain circulation. If the drop in afterload is excessive and the compensa-
tory mechanisms are inadequate, BP may be inadequate for perfusion of vital organs (shock).

Contractility

The forcefulness of myocardial contraction is known as contractility. Even if the ventricle
is adequately filled and resistance to outflow optimal, cardiac output will not be adequate if
contractility is poor. Common vascular responses to
decreased cardiac contractility include an increased
The most common cause of afterload (elevated SVR) and increased preload (ele-
poor contractility in patients | vated CVP and PCWP). Factors that reduce cardiac
over age 55 is myocardial contractility are called negative inotropes and include
infarction. The use of hypoxemia, acidosis, and medications such as beta-
beta-blockers also reduces blockers. Damage to the myocardium as with myocar-
contractility. dial infarction also reduces cardiac contractility.
Factors that increase contractility are called positive
inotropes and include certain beta-adrenergics (e.g., Isuprel) and parasympatholytics (e.g.,
Atropine).

ETIOLOGY

Circulatory shock results from inadequate cardiac contractility (cardiogenic shock), failure of
vascular tone (distributive shock), or inadequate circulating blood volume (hypovolemic
shock). Cardiogenic shock is a common problem in the United States and is most often seen
in the patient experiencing a myocardial infarction (MI). Approximately 6% to 7% of patients
having an MI develop cardiogenic shock.*** Cardiogenic shock is not limited to M1 patients.
It is also seen in those with dysrythmias, valve disease, and dilated cardiomyopathies.

Distributive shock is most often seen in the septic patient. Sepsis can lead to a
complex biochemical response in the body that results in severe vasodilation with
decreased afterload. Blood flow out of the heart (cardiac output) may be normal, but per-
fusion of the microvascular beds in the vital organs is not adequate owing to persistent
hypotension. Maldistribution of blood flow is also seen in patients with anyphalactic shock
and toxic shock and in some patients with brain injuries.

Bleeding from trauma or surgery and dehydration may result in significant hypo-
volemia (a decrease in circulating blood volume). This can precipitate hypovolemic shock
when the circulating blood volume is inadequate to

Septic shock causes a meet the metabolic needs of the body. This typically
complex problem with requires a loss of more than 20% to 25% of the circu-
maldistribution of blood lating blood volume.®

flow and very low afterload. The role of metabolism in the evaluation of
Cardiac output is often patients with circulatory failure is important to con-
increased, but blood flow to sider. Anything that increases the patient’s metabolic
vital organs is often rate can increase the incidence and severity of shock.
inadequate owing to low For example, fever increases oxygen consumption and
perfusion pressures. may result in shock in the patient with marginal car-

diac function.
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CLINICAL FEATURES

Shock typically produces a similar clinical picture in most patients, regardless of the cause.
Patients in shock usually have hypotension, tachypnea, and tachycardia. The peripheral
pulses are typically weak or “thready” as a result of the reduced stroke volume associated
with shock. Signs of organ dysfunction are present and include oliguria (diminished urine
output), altered sensorium, and hypoxemia. The skin often becomes cool and clammy in
cardiogenic and hypovolemic shock as epinephrine is released, causing peripheral vaso-
constriction in an attempt to compensate for the hypotension. An exception is early in the
course of septic shock when peripheral vasodilation is caused by toxins, and the extremi-
ties are warm and dry. Inspiratory crackles are often heard during chest auscultation when
the patient has excess fluid in the lungs because of heart failure (cardiogenic shock) or
because of leaky blood capillaries (septic shock).

As shock becomes more severe and tissue
perfusion decreases, the tissues switch to anaerobic | A reduced Pv-0, in the shock
metabolism and lactate builds up, causing metabolic patient is a sign that tissue
acidosis. This is often (but not always) accompanied | oxygenation is inadequate.
by a decrease in mixed venous oxygen tension (Pv~O,). | An elevated Pv~0, may be
The decrease in Pv~O, occurs as tissues extract more an ominous sign that
than the usual amounts of oxygen from the slowly | indicates tissue utilization of
passing blood to compensate for the reduced cardiac oxygen is faltering.
output. Sepsis may paradoxically raise Pv~O, by caus-
ing precapillary arterial-venous (AV) shunting and by
disrupting the tissue’s ability to use oxygen.

Laboratory Evaluation

Evaluation of serum electrolytes is useful in patients in shock because significant defects
(e.g., low potassium) may contribute to the cardiovascular compromise and can be easily
corrected. This evaluation is also useful in calculating the anion gap, which is used to detect
the onset of lactic acidosis owing to lactic acid production from anaerobic metabolism. To
calculate the anion gap, the ClI- and HCO;™ values are added, and the total is subtracted
from the Na* value. Normal values are 8 to 16 mEg/L. An anion gap above 16 mEg/L in the
patient with shock indicates that the shock is severe enough to cause lactic acidosis.

Physical Examination/Hemodynamic Monitoring

Patients with failure of vascular tone (e.g., septic shock, toxic shock) typically demonstrate
fever or hypothermia and leukocytosis. Because the patient with septic shock often has
peripheral vasodilation, the extremities may remain warm and pink despite poor circulation
to the vital organs. Hemodynamic monitoring of the patient with septic shock reveals an
increased cardiac output, reduced SVR, and a low to normal PCWP in the hyperdynamic
phase of this syndrome. Pv~O, may be normal despite inadequate tissue oxygenation. As
mentioned above, the reason for the normal Pv-O, in septic shock is probably due to
decreased peripheral utilization of oxygen and peripheral precapillary AV shunts. Later the
myocardium often becomes depressed and cardiac output decreases.

Patients in hypovolemic shock typically have poor perfusion to the extremities,
which results in a slow capillary refill, peripheral cyanosis, and cool digits. Hemodynamic
monitoring reveals reduced filling pressures of the heart (low CVP and PCWP), low cardiac
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Table 6.2 Assessment of the Type of Shock

Parameter Hypovolemic Septic Pump Failure

co/cl Decreased Increased” Decreased

CvP Decreased Normal to low Increased

PCWP Decreased Normal to low Increased

SVR Increased Decreased Increased

MAP Normal/low Decreased Decreased

Pv™0, Decreased Normal Decreased
*Cardiac output/index is often increased in the early phase of septic shock but may decrease later.
CO = cardiac output; Cl = cardiac index; CVP = central venous pressure; PCWP = pulmonary capillary wedge
pressure; SVR = systemic vascular resistance; MAP = mean arterial pressure; Pv~ 0, = mixed venous oxygen tension.
output, and high SVR. Urine output decreases in hypovolemic shock, as the kidneys try to
conserve body fluids (Table 6.2).
Electrocardiogram
The electrocardiogram (ECG) usually shows tachycardia, although abnormal rhythms may
be seen when coronary perfusion is inadequate. When coronary artery perfusion is inade-
quate, the ECG will show ST-segment elevation or depression or T-wave inversion or both
(Fig. 6.4). When use of a vasopressor to correct hypotension is being considered, abnormal
ST segments or T waves on the ECG suggest that the patient’s heart may not tolerate the
strain associated with an increased afterload from the vasopressor.

Chapter 8 reviews the clinical findings typical of cardiogenic shock resulting from

left heart failure.

A few general guidelines apply to treating all patients in shock. Oxygen therapy is needed
to treat hypoxemia and maximize efficiency of circulation. Oxygen may be required in high
concentrations (greater than 40%), especially if pulmonary edema is present. Endotracheal
intubation is required when the patient’s sensorium is depressed to the point where aspira-
tion of gastric contents might occur when respiratory muscle fatigue requires mechanical
ventilation or when hypoxemia requires positive end-expiratory pressure (PEEP).

Mechanical ventilation is often helpful in treating the patient in shock, as it
reduces oxygen consumption of the respiratory muscles. Respiratory muscles use approxi-
mately 15% of the cardiac output, so when they rest, circulatory demands on the heart are
reduced. The use of PEEP may be needed when the Pao, is less than 60 mm Hg on an Fio,
greater than 0.50. This is most likely to occur in the patient with cardiogenic shock or in the
septic patient who develops adult respiratory distress syndrome (ARDS).

Close monitoring of all patients diagnosed with shock in an intensive care unit
(ICUV) is important. A central venous catheter allows evaluation of central venous pressure
and easy venous access for blood draws. Newer central venous catheters have oxygen sat-
uration monitors at the tip for continuous monitoring of ScvO,. A PA catheter allows accu-
rate assessment of the cause of the circulatory problems and helps evaluate the patient’s
response to therapy (see Table 6.1). Its use, however, is typically limited to the more
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FIGURE 6.4 ECG illustrating ST segment and T wave abnormalities typical for myocardial ischemia. Note the ST
segment depression and T wave inversion in leads Vs, V,, Vs, and V. Also note the T wave inversion in leads I, II, 111,
and aVF. (Courtesy of Ken Jutzy, MD.)
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complicated cases of shock and in those who do not respond to initial therapy. Clinical use
of PA catheters has decreased since several studies have shown that complications associ-
ated with use of the catheters may offset the value of the information they provide.

Hypovolemic Shock

For patients in hypovolemic shock, rapid replacement of circulating blood volume is crucial.
As a general rule, fluid resuscitation is needed whenever the systolic BP is below 90 mm Hg
and there are signs of vital organ dysfunction (e.g., abnormal sensorium).® When the patient
has lost large amounts of blood, it is ideal to use blood as the replacement. When there is no
time to type and cross-match blood, rapid infusion of a volume expander (e.g., Ringer’s lactate,
normal saline, hetastarch) supports circulation until definitive treatment is available. In patients
with hypovolemic shock not caused by bleeding, saline solutions are effective in expanding the
circulating blood volume and are much less expensive than colloid-based solutions.®’

Septic Shock

Antibiotics and volume expansion are essential for patients in septic shock. The source of the
infection should be sought and may include surgical sites, wounds, indwelling catheters, and
tubes, in addition to common infections such as pneumonia, urinary tract infection, and sinusi-
tis. Volume expansion improves BP by filling the void created by the peripheral vasodilation
associated with sepsis. Early and rapid fluid therapy has been shown to improve mortality in
septic patients.® Maintaining CVP between 8 and 12 mm Hg is ideal for most patients, but a
CVP of 12 to 15 mm Hg is needed for septic patients receiving mechanical ventilation.’

Vasopressors such as dopamine or norepinephrine improve hypotension by par-
tially reversing the vasodilation caused by sepsis and by stimulating cardiac contractility
and therefore improving cardiac output. They should be given when fluid therapy fails to
restore adequate blood pressure and perfusion of vital organs.

Patients with severe septic shock often have severe depletion of protein C. Studies
have shown that administration of recombinant human activated protein C (rhAPC) reduces
mortality in high-risk patients (those with two or more organ system failures) with septic
shock.2® rhAPC has anticoagulant and anti-inflammatory properties that break the clotting
cascade that is stimulated by infection and causes widespread tissue damage.

Since patients with septic shock often have problems with glucose metabolism,
elevation of blood sugar levels are frequently seen. One large single-center study demon-
strated that keeping the glucose level between 80 and 110 mg/dL by infusion of insulin
improved survival in septic patients.!! Since hypoglycemia is a possible result of insulin
infusion, a continuous supply of glucose substrate (e.g., 5% dextrose by vein and/or high
calorie enteral feeding) is usually given to prevent the blood sugar from dropping too low.

Cardiogenic Shock

[\/|echanical ventilation is Positive inotropics and vasopressors are the primary
most often needed in the approach for treating most patients with cardiogenic
patient with the type of shock | shock. Inotropics, chronotropes, and vasoconstrictors,
that will not resolve quickly. such as dopamine and norepinepherine, may be
Thus, those with septic shock needed to improve blood pressure. Inotropics should
or severe cardiogenic shock not be used in the patient suspected of having acute
most often need mechanical myocardial infarction, as they may add to the stress
ventilation. on the heart and extend the infarction. Diuretics are
needed when fluid retention is evident.




Copyright © 2007 by F. A. Davis.

Treatment 131

HISTORY

Mr. E is a 46-year-old white man brought to the emergency department by ambulance fol-
lowing a gunshot wound to the abdomen. The patient was found by the emergency medical
technicians outside a local bar lying on his side in a pool of blood. At the scene of the shoot-
ing, the patient was found semiconscious with a pulse rate of 128/min, a breathing rate of
32/min, and a BP of 95/60 mm Hg. The single gunshot wound was stabilized by the ambu-
lance crew and an IV infusion with normal saline was initiated prior to transfer to the hospi-
tal. At the emergency department, Mr. E's vitals were as follows: pulse thready at 130/min,
respiratory rate 34/min, and BP 80/50 mm Hg. Mr. E was semiconscious and disoriented. His
skin was cool and clammy to the touch, with peripheral cyanosis noted. Breath sounds and
heart sounds were normal. His abdomen was distended and bowel sounds were absent.
Neurologic status was grossly intact. Past medical and family history was not available.

QUESTIONS ANSWERS
1. What is indicated by the cool, Cool, cyanotic extremities indicate poor perfusion.
cyanotic extremities? What is Peripheral vasoconstriction is a compensatory

suggested by the thready pulse? ~ mechanism in which the body attempts to preserve
blood flow to the central, vital organs whenever BP
decreases below a critical level. This results in the
patient's feet and hands feeling cool to the touch.
Peripheral cyanosis occurs when the tissues extract
excessive amounts of oxygen from the slowly pass-
ing blood, leaving it very desaturated. The thready
pulse indicates that this patient's stroke volume is
abnormally low.

2. What is indicated by the The abnormal sensorium may indicate that the brain
abnormal sensorium? is not receiving optimal oxygenation. This is probably
the result of inadequate perfusion to the brain, which
occurs when the MAP drops below 90 mm Hg.

3. Is oxygen therapy indicated, and ~ Oxygen therapy is useful whenever the patient
if so, at what Fio,? demonstrates signs of circulatory or respiratory
failure. An Fio, of 0.40 would be most appropriate.

4. What is your assessment of the There is evidence of vital organ dysfunction

patient's condition? Is shock (an abnormal sensorium), most likely as a result of
present? If so, what is the most ~ poor circulation. The patient probably has
likely type of shock? hypovolemic shock owing to blood loss from the

gunshot wound (see Table 6.2).

5. Should the patient be intubated ~ Mechanical ventilation is not indicated at this
and mechanically ventilated? point, since there is no evidence of respiratory fail-
ure and the patient may respond rapidly to treat-
ment. Intubation may be useful if the patient's
mental status deteriorates to the point that he may
aspirate if vomiting occurs.
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6. What is the patient's most The patient's most urgent needs are surgical repair
urgent need for care at this of internal bleeding and replacement of the blood
point? lost by hemorrhage. A blood sample should be

obtained immediately for cross-matching so that
the appropriate blood type can be given. A volume-
expanding fluid must be given in large amounts
until the cross-matching has been done.
Additionally, the patient will need to be taken to
the operating room to repair internal injuries
related to the gunshot wound.

More on Mr. E

Mr. E is given oxygen via simple face mask. And a follow-up arterial blood gas (ABG)
reveals: pH 7.41, Pco, 34 mm Hg, Po, 98 mm Hg. A CVP catheter is placed and gives a read-
ing of 2 cm H,0. Mr. E. is taken to the operating room, where the inferior vena cava and
portions of the small bowel are repaired. A total of 4 units of whole blood and 3 L of normal
saline are given to the patient.

Upon return to the ICU the patient assessment reveals: BP 125/75 mm Hg, pulse
96/min, respiratory rate 14/min via mechanical ventilation with a tidal volume of 800 mL,
and an Fio, of 0.45. ABGs show a pH of 7.47, a Pco, of 33 mm Hg, and a Pao, of 110 mm Hg.
CVP is 6 cm H,0, and body temperature via rectal probe is 36.5°C (97.7°F). A urinary catheter
is in place, and urine output was 50 mL for the 2 hours of surgery. The patient is nonre-
sponsive because of the effects of general anesthesia. His peripheral pulses are normal, and
his hands and feet are warmer than they had been before surgery.

QUESTIONS ANSWERS

7. What is your assessment of Mr. E's circulatory status following surgery appears
Mr. E's circulatory status to be improved. This is based on the fact that his
following the surgery? peripheral pulses, BP, CVP, and urine output are

adequate and his extremities warmer.

8. Interpret the ABG findings fol- The ABGs reveal a respiratory alkalosis with a
lowing surgery. What changes in  supernormal oxygenation on an Fio, of 0.45. This
the ventilator settings do you suggests that the Fio, and the minute volume could
recommend? be decreased. A decrease in the minute volume can

be accomplished by decreasing the tidal volume or
decreasing the ventilator rate.

9. When should weaning from the ~ Weaning from mechanical ventilation can begin as

mechanical ventilation begin? soon as the patient recovers from the effects of the
general anesthesia. Evidence of recovery includes
increased mental acuity, ability to follow com-
mands, and a return of reflexes (e.g., gag reflex).
Since there is no evidence of prior respiratory dis-
ease, the patient will probably not need the ventila-
tor after he wakes up from the anesthesia.
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10. What complications of circula- The patient is at risk for ARDS (see Chapter 11), disem-
tory shock might occur in this inated intravascular coagulation (DIC), renal failure,
patient? sepsis, and postoperative atelectasis (see Chapter 13

for a discussion of postoperative atelectasis).

More on Mr. E

Mr. E is weaned from mechanical ventilation during the next 3 hours without difficulties.
ABGs on an Fio, of 0.35 via entrainment mask show a pH of 7.43, Pco, of 36 mm Hg, and
Po, of 88 mm Hg. Because of the injury to his intestinal tract, Mr. E is given IV feeding to
meet his nutritional needs. Mr. E's only complaint at this time is abdominal pain related to
the gunshot and subsequent surgery. The pain is controlled by IV morphine.

Over the next 3 days Mr. E continues to improve. His hemodynamic status is stable,
with normal sensorium, BP, urine output, and vital signs. At the end of the third hospital
day, Mr. E begins to complain of intermittent fever, chills, and general malaise. He subse-
quently becomes restless and somewhat confused. Physical examination at this time reveals
the following findings.

PHYSICAL EXAMINATION

® General. Patient awake but slow to respond and confused; appears to be in mild
respiratory distress.

e Vital Signs. Body temperature 38.5°C (101.3°F), respiratory rate 32/min, pulse rate
124/min, and BP 85/50 mm Hg.

® HEENT. Normal findings.

® Neck. Trachea midline, mobile, with no stridor; carotid pulses ++ with no bruits; no
lymphadenopathy, thyromegaly, or jugular venous distention noted; accessory muscles of
breathing not being used.

e Chest. Normal anteroposterior diameter and bilateral expansion noted with breathing;
resonance to percussion normal bilaterally.

Lungs. Rapid, shallow breathing noted; breath sounds normal in the mid and upper lung
regions but diminished in the bases posteriorly with end-inspiratory crackles.

Heart. Regular rhythm with a rate of 124/min; no murmurs or heaves noted; point of
maximum impulse not palpable.

Abdomen. Slightly distended, tender, and no bowel sounds noted; no masses or
organomegaly noted.

Extremities. No clubbing, cyanosis, or edema; pulses weak but present bilaterally;
extremities warm to the touch.
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Box 6.1 Addition Diagnostic Data

Because of the concern for Mr. E's hemodynamic status, a PA catheter is inserted. Hemodynamic
and clinical measurements at this time reveal the following:

Measurement

Cardiac output
Urine output
Plasma lactate

Value

6.0 L/min
15 mL/hour
3.5 mmol/L (normal = 0.5 to 1.5 mmol/L)

Arterial pH 7.32

Pao, 70 mm Hg on Fio, of 0.35
Paco, 26 mm Hg

Plasma bicarbonate 16 mEq/L

SVR 675 dynes/sec/cm®
PCWP 7 mm Hg

CvP 4 mm Hg

QUESTIONS ANSWERS

11. Is there evidence of circulatory Circulatory failure is present despite the normal
failure? If so, what is it? cardiac output. Evidence to support this is found in

the abnormal sensorium, low BP, reduced urine
output, and elevated plasma lactate.

12. What do the ABG findings sug- The ABGs suggest metabolic acidosis partially com-
gest? Are they consistent with pensated for by hyperventilation. The patient also
the circulatory picture? If so, has mild hypoxemia on 35% oxygen. The metabolic
how? Does the acid-base status  acidosis and hypoxemia are consistent with circula-
influence cardiac performance?  tory failure. Lactic acidosis owing to anaerobic

metabolism is common in circulatory failure and
suggests a more severe case. Metabolic acidosis has
a negative inotropic effect on the heart. Hypoxemia
is common in patients in shock and in those who
are bedridden following surgery. In this case, the
hypoxia is probably the result of atelectasis and
shunting.

13. How do you interpret the SVR? The SVR is markedly reduced. The peripheral vasodi-
What could cause this finding? lation is probably due to the release of chemical

mediators (endotoxins) into the circulation from the
infecting microorganism.

14. How do you interpret the The PCWP is at the lower end of normal limits.
PCWP? Most patients have a better stroke volume if the

PCWP is in the range of 12 to 16 mm Hag.
15. How would you classify this This type of clinical picture suggests circulatory

type of circulatory problem?

failure caused by sepsis or septic shock. This assess-
ment is based on the fever, low SVR, and high car-
diac output (see Table 6.2).
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16. What therapy is indicated at Therapy should be aimed at improving the perfusion
this time? of vital organs. Even though the cardiac output is in

the normal range, blood flow to many organs is
insufficient as a result of the vasodilation and pre-
capillary AV shunting. Giving IV fluids could help to
increase the MAP and perfusion pressure by
improving preload. Antibiotics are needed to treat
the sepsis. Increasing the Fio, is needed to correct
the hypoxemia. A vasopressor such as dopamine
may be useful to increase the perfusion pressure if
the patient does not respond adequately to fluid
therapy. This patient will need close monitoring,
since he is at high risk for respiratory failure and
would then need intubation and positive pressure

breathing.
17. What laboratory tests would Laboratory tests that could be useful to assess this
you suggest be obtained at this patient include an ECG, chest x-ray, complete blood
time? count (CBC), blood cultures, and electrolytes. ABGs

should be repeated if there is evidence of respira-
tory problems.

18. If Mr. E's body surface area is Mr. E's cardiac index (CI) is 3.5 L/min/mZ. This is cal-
1.7 m?, what is his cardiac culated by dividing the body surface area (BSA) into
index? If cardiac output is 6.0 the cardiac output (CO), as follows:

L/min and heart rate 124/min, Cl = CO/BSA = 6.0 liters/min = 1.7 m?
what is the stroke volume? = 3.5 L/min/m?

The stroke volume (SV) is calculated by dividing the
heart rate into the cardiac output:
SV = 6000 mL/min = 124/min = 48 mL

“‘-‘!“ More on Mr. E
<

LABORATORY EVALUATION
e ECG. Sinus tachycardia with no evidence of ST-segment depression or elevation.

® Chest x-ray. Diminished lung volumes with normal heart size. No evidence of infiltrates
or pulmonary edema.

e Electrolytes. Na™ = 140 mEq/L; K* = 3.6 mEq/L; Total CO, = 17 mEg/L; CI~ = 102 mEq
mEq/L

* CBC. WBC = 18,500/mm?; 60% segmented neutrophils; 8% bands

Following the administration of fluids, the patient's PCWP increases to 12 cm H,0, and car-
diac output increases to 6.5 L/min. SVR is measured at 660 dynes/sec/cm®. Intravenous gen-
tamicin and piperacillin are started. Pv_0, is measured at 42 mm Hg. The patient remains
semiconscious with a BP of 90/52 mm Hg, respiratory rate of 34/min, and a pulse rate of
130/min. His rectal temperature is 38.5°C (101.3°F).
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QUESTIONS

ANSWERS

19. Calculate the anion gap for this
patient and state what the
results indicate.

20. What are the potential sources
of the infection?

21. Should the patient be intubated
and mechanically ventilated?

22. How is the effectiveness of the
fluid therapy evaluated?

23. What is indicated by the Pv_ 0,
of 42 mm Hg?

24. What is the significance of the
patient having an elevated body
temperature? How does this
influence his clinical condition?

25. What therapy is needed at this
point?

The anion gap is calculated by subtracting the
HCO,™ and CI~ from the Na* [140 — (102 + 17) =
21]. An anion gap of 21 is elevated above normal
and indicates the presence of metabolic acidosis
owing to (in this case) lactic acidosis.

Potential sources of the infection include the
abdominal wound and the IV feeding line.

Since this patient is not expected to recover quickly
and oxygenation is marginal on supplemental oxy-
gen, he could benefit from intubation and mechani-
cal ventilation.

The fluid therapy is evaluated with a combination of
hemodynamic parameters such as PCWP, BP, and car-
diac output and by looking for evidence of improved
organ perfusion (e.g., increased urine output).
Evidence of better vital organ perfusion includes
improved urine output and sensorium. In this case, it
appears that the fluid therapy did not improve BP and
vital organ perfusion despite an increase in cardiac
output. This is typical for septic shock, in which mald-
istribution of circulation is prevalent.

A Pv0, of 42 mm Hg is considered to be in the nor-
mal range and often indicates that tissue oxygenation
is optimal. In this case, however, the normal Pv_0,
may be misleading because septic shock causes pre-
capillary shunting and often results in an inappropri-
ately increased Pv™0,. Since there is evidence that
tissue oxygenation is less than optimal in this case,
the Pv~0, must be inappropriately elevated.

The elevated body temperature is significant
because this results in an increased metabolic rate
and adds to the problems created by circulatory
failure.

Since volume expansion alone did not significantly
improve BP, the use of a vasopressor is needed.
Dopamine would be a good vasopressor at this time
because it would also increase cardiac contractility
and blood flow to the kidneys.

A Mr.EConclusion

Over the next several days, the patient responds well to therapy despite the onset of respi-
ratory failure due to ARDS (see Chapter 11). His hemodynamic status improves with the use
of vasopressors and fluid therapy. He is eventually weaned from vasopressors and mechani-
cal ventilation and transferred to the general care unit on the 12th hospital day. ™
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Ms. T, an 18-year-old female from Missouri with cystic fibrosis, has been in southern
California for 2 months. She was visiting Universal Studios in Los Angeles in January when
she developed shaking chills, fever, and confusion and was brought to the hospital emer-
gency department by her sister. She was hypotensive, dyspneic, tachypneic, and hypoxemic
with an SpO, of 83% on room air. She denies cough or sputum production.

QUESTIONS

ANSWERS

1. What caused the shaking chills?

2. What is the significance of the
confusion?

3. Is she in shock? If so, is it car-
diogenic, hypovolemic, or septic
shock?

4. What are the first priorities for
treatment?

Chills are usually an indication that the set point of
the body's thermostat has been adjusted upward.
Shaking chills increase muscle activity, which
increases heat production and helps the body
achieve the higher temperature. Some forms of
pneumonia classically start with rigors and chills.
The shaking chills were probably caused by her
body's response to an infection.

Confusion is very common in people with severe
infections. It is evidence of inadequate cerebral
perfusion, hypoxemia, and the direct effect of tox-
ins produced by bacteria at the site of infection
and carried via the blood to the brain. It may or
may not be evidence of cerebral infection such as
meningitis.

The hypotension suggests that she is in shock, as
does the confusion. She is young enough that it
would be unlikely for her to have cardiogenic
shock from a heart attack; she has not been fast-
ing or bleeding, and Los Angeles in January is not
likely to be hot enough to cause dehydration dur-
ing a day trip to a theme park. The preexisting
condition of cystic fibrosis makes infection likely,
and the onset of shaking chills suggests infection,
so the history strongly suggests that this is septic
shock.

Airway, breathing, circulation. She appears to be
breathing adequately but needs oxygen supplemen-
tation. Fluid therapy may be adequate to correct
the hypotension and should be used as the first
choice, but if adequate fluid replacement does not
resolve the hypotension, then vasopressors such as
dopamine or norepinepherine could be added. Broad
spectrum antibiotics would be important early in
the course of treatment.
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‘lﬁi More on Ms. T

PHYSICAL EXAMINATION

® General. Withdrawn, confused, thin young woman in mild respiratory distress lying in
bed in the emergency department. She nods yes and no to questions but does not make
eye contact.

e Vital Signs. Pulse 125/min, respiratory rate 30/min breathing spontaneously, temp
38.8°C, BP 78/46; urine output since admission is negligible.

e HEENT. Pupils mid position with brisk response to light. Mucous membranes dry, no evi-
dence of bruising or petechia

e Neck. Normal jugular venous pressure (JVP) and no lymphadenopathy.

® Lungs. Breath sounds on left greater than on right. Fine inspiratory crackles bilaterally
with coarse airway crackles heard over the trachea.

e Heart. Rapid rhythm with a reqular rate; no murmurs, gallops or rubs;

® Abdomen. Soft, scaphoid, with bowel sounds present. No organomegally, masses or
tenderness.

e Extremities. Warm to palpation with no edema. There is cyanosis and clubbing.

QUESTIONS ANSWERS

5. What caused the hypotension? Hypotension is almost certainly caused by the bac-
terial toxins, resulting in decreased cardiac contrac-
tility and increased blood vessel dilation. This com-
bination leaves the blood vessels relatively empty so
that blood pressure drops.

6. What is causing the tachycardia?  The neurovascular response to low blood pressure is
to increase cardiac output. If the heart has low
contractility, then it can only increase output by
increasing rate.

7. Why is the urine output so low?  Kidneys work by filtering fluid out of the blood.
Filtration requires a pressure gradient across the
blood vessel wall. Little filtration occurs when the
mean arterial pressure is less than about 60 mm Hg.
There may be several factors causing the low urine
output including low blood pressure, direct bacterial
toxic effects decreasing kidney effectiveness, and
microvascular clotting caused by the bacterial toxins
that also decreases function of all organs in the body
but is often first seen in decreased kidney function.

8. What is the significance of fine Excess fluid in the small bronchi causes them to
crackles vs. coarse crackles? stick shut during exhalation. Surface forces of the
fluid in the airways hold the airways shut during
inspiration until the lungs are stretched enough to
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denies cough and sputum
production?

‘:5 More on Ms. T
"\

Box 6.2 Laboratory Data

. What is the significance of the
coarse crackles in a patient who

Treatment 139

overcome the surface forces and pop the airways
open. This sounds a lot like Rice Krispies in milk and
is called fine inspiratory crackles. It most commonly
indicates excess fluid in the airways. It can also be
caused by pulmonary fibrosis, which makes the lung
stiff and allows the airways to stick shut on exhala-
tion and pop open when the scarred areas are
stretched. Coarse crackles usually suggest secre-
tions retained in large airways.

The presence of coarse crackles in a person who
denies cough and sputum suggests that the person
has poor awareness of the internal environment.
Most people would cough and clear the secretions,
but people with a weak cough or who do not notice
secretions in their windpipe because of poor men-
tation may rattle with each breath. In a former era
that was considered the "death rattle.” It does not
require immediate intubation and mechanical
ventilation, but raises a concern that they might
eventually be needed.

Chest x-ray (see Fig. 6.5)

ABGs
ABG

pH
Paco,
Pao,
HCO,
Fio,

CBCs
CBC

WBC
Hgb
Segs
Bands

Cocci comp fix (-)
Cortisol: 25 (within normal limits)
Hgb A1C: 5.8% (normal <7%)

Value

7.34

57 mm Hg
127 mm Hg
29 mE/L
1.0

Value

24 k
11 g/dL
63%
15%
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QUESTIONS

FIGURE 6.5 Chest x-ray from Ms. T.

ANSWERS

6. Interpret the chest x-ray.

7. Interpret the ABG.

The chest x-ray shows dense opacification of the
right lung and patchy areas of opacification in the
left lung. This is consistent with pneumonia filling
the entire right lung and mildly affecting the left
lung. It is not clear how much of the current find-
ings are caused by the acute pneumonia and how
much are caused by past infections associated with
the cystic fibrosis.

The ABG shows acute and chronic hypoventilation.
The elevated HCO, suggests that the Paco, is chron-
ically elevated. The pH just below normal suggests
that the Paco, is not usually this high. The oxygen
level is in the normal range, but not for someone on
100% oxygen. Thus, there is relative hypoxemia,
most likely caused by physiologic shunting of blood
through alveolar capillaries that do not have air
because of pus in the airways.
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8. What is the significance of ele-  The elevated WBC count suggests stress, in this
vated WBC count and bands? case caused by infection. The WBCs circulate in the

blood but also are attached to the walls of the
blood vessels (marginated) throughout the body,
awaiting a call to action. Infection stimulates them
to reenter the circulation and accumulate in the
area of infection. Major infections use up all
available mature WBCs (polys), and immature WBCs
(bands) are released from the bone marrow to
reinforce the mature polys.

9. Why check the cocci compli- Cocci compliment fixation is the definitive test for
ment fixation in this patient? Coccidoiodomycosis, which is common in southern

California. Most people who get it are completely
asymptomatic or have symptoms of only a mild cold.
A few people become severely ill from "valley fever"
and require hospitalization. It does not usually come
on as dramatically as this case but should be ruled
out in any visitor of more than 10 to 15 days dura-
tion who becomes ill with an infections disease. It
can often be treated with oral medications.

10. Why was a cortisol level done Studies have shown that patients in septic shock
on this patient? severe enough to cause a low cortisol level survive
more often with steroid supplementation.

11. The Hgb A1C was normal, sug- Studies have shown that patients in septic shock
gesting that the patient did not  survive more often with careful control of blood
have diabetes. Is it important to  sugar in the hospital even though they may not
vigorously control blood sugar have been diabetic prior to the hospital admission.
in this patient?

12.1s Ms. T. in respiratory failure, The patient is clearly in respiratory failure. She has
and would it be appropriate to no indicators demanding immediate intubation and
intubate and provide mechani- mechanical ventilation, but the confusion and
cal ventilation? decreased mental acuity, poor cough and poor clear-

ance of sputum, and extensive right pulmonary
opacification on chest x-ray (CXR) suggest that it is
just a matter of time before intubation and mechan-
ical ventilation will be needed. A planned elective or
semi-elective procedure is always preferable to an
emergency or crash intubation.
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13. Should Ms. T be intubated and There is always a question about the difference
placed on life support or should  between what could be done and what should be
“palliative care” be provided? done. Patients are not obligated to accept all known
How would you decide? medical intervention. Most courts have ruled that

the patient's wishes for intensity of care are the pri-
mary concern in determining whether to start or
continue life support. If the patient is unable to
understand the circumstances and make an informed
decision, then the person designated as the medical
decision maker by the durable power of attorney for
health care (DPAHC) speaks for the patient. If there is
no DPAHC, then the next of kin speaks for the
patient based upon an understanding of what the
patient would want under the circumstances. If the
patient's wishes are not known, the family and
health-care team should consider preexisting sever-
ity of illness, life expectancy prior to the acute ill-
ness, proportionality of pain and stress caused by the
life support vs. potential for recovery, and quality and
quantity expected in postrecovery life.

Volume expansion is accomplished with normal saline, and the BP stabilized at 118/60 mm Hg.
Subsequent lactic acid level is 1.9, which is at the upper end of normal. Bronchoscopy is
done to remove the airway secretions; the right bronchial tree is found packed with rust red
pus and the left bronchial tree is packed with yellow pus. The airways remain full of pus
after removal of 20 mL thick, tenacious secretions. An endotracheal tube is left in place at
the end of the procedure because of the rapid reaccumulation of secretions during the pro-
cedure. Ms. T is started on mechanical ventilation so that she can be sedated for comfort. A
CT scan of the chest is done (Fig. 6.6).

QUESTIONS ANSWERS

14. What is the significance of the Shock means the tissues are starved for blood. With
high-normal lactic acid level? inadequate oxygen, the tissues will use the anaero-

bic pathway to generate energy. The end product of
the anaerobic pathway is lactic acid. When oxygen
is restored to the tissues, the lactic acid is metabo-
lized. The high-normal value suggests that the lac-
tic acid level had been elevated and that volume
replacement restored tissue perfusion and that the
lactic acid is being cleared.
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FIGURE 6.6 Chest CT of Ms. T.

15. What mode of mechanical ven-
tilation should be used? What
are the target Sa0,, pH, and air-
way pressures?

16. Should PEEP be used, and if so
how much?

Volume-limited ventilation is safer given the large
amount of airway secretions. Pressure-limited ven-
tilation could lead to dangerously low tidal volumes
in the event of mucus plugging. Target Sa0, would
be 90%. Target pH would be 7.35 to 7.40. Target
peak airway pressure would be less than 40 cm H,0.
Target plateau pressure would be less than 30 cm H,0.
The right lung is likely to have very little compli-
ance because of dense consolidation. Therefore, the
ventilator tidal volumes will likely be very small. If
the patient cannot be adequately ventilated with
rapid respiratory rates and acceptable airway pres-
sures, then hypercapnea should be permitted to a
pH of approximately 7.20.

PEEP may be needed, but levels sufficient to keep
airways open in the right lung would hyperexpand
the left lung and cause barotrauma and poor
ventilation-perfusion matching. The chest x-ray
shows nearly complete opacification, suggesting
the right lung is not functional at this time and is
unlikely to be helped by PEEP, so PEEP levels should
be used that are appropriate for the more compli-
ant left lung. Starting the PEEP level at 5 cm H,0
seems reasonable.
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17. What is the significance of the
rust red right lung secretions
and yellow left lung secretions.

18. Why would a CT scan be done in
addition to the chest x-ray that
was already done?

19. Interpret the CT scan.

20. Should a pulmonary artery
catheter be placed at this time?

21. What are the chances for this
patient's survival?

Some pneumonias, most commonly klebsiella pneu-
monae, cause rust red secretions. People with cystic
fibrosis are almost constantly infected with gram-
negative rods and typically have copious thick yel-
low or green sputum. This patient may have a new
klebsiella pneumonia in the right lung, causing the
acute infection and shock in addition to the chronic
gram negative rod (GNR) infection in the left lung.

Chest x-rays show all chest structures superim-
posed upon one another. CT scans show the chest
structures as if the chest were sliced like of loaf of
bread. The CT scan pictures generally show slices of
the chest about a half inch apart. The chest struc-
tures that are indistinct on the conventional chest
x-ray are seen clearly on the CT scan. CT scans dif-
ferentiate pleural fluid from consolidated lung tis-
sue and will demonstrate the severity of lung
destruction in this case.

The CT scan shows dense consolidation of the right
lung. Air bronchograms are visible in the lung tis-
sue, and there is severe bronchiectasis with
destruction of much of the lung.

The measurements important to the management
of this patient include central venous pressure
(CVP), which indicates adequate volume replace-
ment when the CVP is 4 to 12 cm H,0, central
venous oxygen saturation (Scv0,), which indicates
adequate tissue oxygenation when it is 70% or
greater, and urine output, which indicates end
organ function. Measuring cardiac output, cardiac
index, and systemic vascular resistance are not
needed at this time. A central line has been placed.
It can be replaced with a pulmonary artery catheter
in the future if needed. Although they provide theo-
retically important information, pulmonary artery
catheters have not been shown to improve the
mortality rate in patients with septic shock.

Septic shock is caused by a cascade of inflamma-
tory events precipitated by infection. These include
poor cardiac contraction and vasodilation, resulting
in inadequate tissue perfusion. They also include
diffuse intravascular clotting that can destroy
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organ tissue, with kidneys and lungs being most
susceptible to injury. This patient appears to have a
life-threatening infection but has responded well to
initial therapy with improved blood pressure, urine
output, and lactic acid clearance. In general,
patients with septic shock have a mortality rate

of around 40% to 50%. This case is complicated
by the presence of severe cystic fibrosis. Patients
with cystic fibrosis and pneumonia severe enough
to cause respiratory failure have a much higher
mortality rate.

4 Ms.TConclusion

Ms. T is maintained on mechanical ventilation for the next three days. The infection
worsens and Ms. T expires on the fourth hospital day. ™

FS eows

e The quantity of blood pumped out of the left ventricle each minute is known as the
cardiac output. Normal cardiac output is 4 to 8 L/min.

e Cardiac output is a function of stroke volume and heart rate. Normal stroke volume
is 70 to 110 mL.

« Stroke volume is a function of three important factors: filling volume of the ventricle
(preload), arterial resistance to flow out of the ventricle during contraction (after-
load), and cardiac contractility.

« Circulatory shock results from inadequate cardiac contractility, failure of vascular
tone (inadequate afterload), and hypovolemia (inadequate preload). Myocardial
infarction is a common cause of poor contractility. Septic shock is a common cause
of vascular tone failure. Surgery or hemorrhage are common causes of hypovolemic
shock.

e Oxygen may be required in high concentrations (greater than 40%) to treat the
patient in shock, especially if pulmonary edema is present.

e Mechanical ventilation is often helpful in treating the patient in shock, as it reduces
oxygen consumption of the respiratory muscles and circulatory demands as well as
treats the respiratory failure. It is most often needed in patients with septic shock or
cardiogenic shock.

« For patients in hypovolemic shock, rapid replacement of circulating blood volume is
crucial. Rapid infusion of saline solution is preferred in patients with hypovolemic
shock not caused by blood loss.

« Antibiotics and volume expansion are essential for patients in septic shock.

« Positive inotropics and vasopressors are useful in treating most patients with cardio-
genic shock.
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Pulmonary
Thromboembolic
Disease

James R. Dexter, MD, FACP, FCCP

CHAPTER OBJECTIVES:

After reading this chapter you will be able to identify the:

B Frequency and mortality of venous thromboembolism.

B Predisposing factors for development of venous thromboembolism.

® Signs and symptoms of venous thromboembolism.

® Diagnostic studies used to confirm the presence of venous thromboembolism.
B Prevention and treatment strategies for venous thromboembolism.

INTRODUCTION

Pulmonary thromboembolism (PTE) refers to the vascular obstruction (embolization) of the
pulmonary vessels by blood clots (thrombi) that have traveled through the venous system to the
lungs. Other materials such as fat deposits, air, tumor fragments, and amniotic fluid can also
produce an embolus but are much less common than venous thromboembolus. This chapter dis-
cusses the most common form of embolism, venous thromboembolism.

PTE is a relatively common disorder, with about 500,000 cases diagnosed each
year in this country. PTE is believed to be responsible for killing 200,000 people a year.
For a variety of reasons, the exact number of patients developing PTE is not known.

ETIOLOGY AND PATHOLOGY

Three main factors (Virchow’s Triad) are associated with the formation of deep venous
thrombi (DVT): hypercoagulability, damage to the endothelial wall of the blood vessel, and
venous stasis. Hypercoagulability is a factor in emboli caused by genetic deficiencies in
antithrombin 111, protein S, protein C, and lupus anticoagulant; in rare cases, it occurs in
patients with homocystinuria and fibrinolytic abnormalities. Fractures and surgical proce-
dures, along with trauma, are common causes of venous blood vessel damage. Stasis of
venous blood flow (venous stasis) is common in many circumstances that promote physical
immobilization, such as surgery, fractures, and prolonged illness.
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Risk factors for DVT include age (greater
than 70 years old), obesity, congestive heart failure,
malignancy, burns, use of estrogen-containing drugs,
and postoperative and postpartum states. These factors
are additive in effect.

Although thromboemboli may form at almost
any site, most originate in the deep veins of the lower extremities and pelvic region. Emboli
rarely arise from the heart or upper extremities, and when they do they are often the result of
an indwelling catheter. The embolic risk increases if thrombosis occurs in veins above the
knee. Thrombi generally occur at the site of turbulent blood flow at the venous valves or at
sites of endothelial (intimal) damage. With stasis, coagulation activity is localized and hence
produces a red-fibrin thrombosis. This thrombus may then be dislodged and carried to the
lungs. Risk of embolism appears highest within 72 hours after the development of DVT.

The pathological changes in the lung are related to both the magnitude of the
occlusion and the subsequent degree of compromised pulmonary blood supply. Small
thromboemboli may cause little or no injury to the distal lung tissue, whereas large throm-
boemboli may disrupt blood flow enough to injure lung parenchyma (infarction). About
10% of PTEs cause infarctions.? Most emboli cause more physiological disruption than
would be expected from the extent of blood vessel obstruction. This is caused by the
vasoactive mediators released by platelets contained in the clot.

Obesity, sedentary lifestyle,
injuries/surgery, tumors, and
genetic bad luck predispose
to DVT.

PATHOPHYSIOLOGY

Pulmonary vascular obstruction owing to thromboembolism can affect both respiratory
and hemodynamic systems. Vascular occlusion by a large thrombus decreases perfusion of
the affected pulmonary vascular bed and initially leads to parenchymal areas with more
ventilation than perfusion (alveolar dead space). Local bronchoconstriction also typically
accompanies pulmonary embolism. The release of cellular mediators such as serotonin,
histamine, and prostaglandins from platelets; local areas of alveolar hypocapnia; and
hypoxemia are thought to be involved in causing the bronchoconstriction, although the
exact etiology is unknown.

Bronchospasm may also cause hypoxemia during a pulmonary embolism by produc-
ing ventilation-perfusion (VQ) mismatching. Although the entire cause of emboli-induced
hypoxemia is unclear, many factors are probably involved, including venous shunting and
reduced cardiac output resulting in an increased arterial-venous oxygen difference and wors-
ened venous admixture. Obstruction of blood flow to the lung tissue results in a decrease in
surfactant production about 24 hours after the embolization. This leads to decreased pul-
monary compliance, atelectasis, and further VVQ mismatching and hypoxemia.

Vascular occlusion and vasoconstriction cause an increase in pulmonary vascular
resistance (PVR). Cardiac output is maintained only by increased right ventricular work
and hence pulmonary artery pressures (PAPs). If the output of the right ventricle falls, fill-
ing of the left heart diminishes, resulting in systemic hypotension and eventual cardiovas-
cular collapse. Approximately 50% or more occlusion of the pulmonary vasculature, how-
ever, must occur in previously healthy individuals before sustained pulmonary
hypertension develops and cardiac output falls.

The severity of the hemodynamic compromise depends not only on the magnitude
of the embolism but also on the patient’ preexisting cardiovascular and pulmonary status.
Pulmonary or cardiovascular diseases that limit the pulmonary vascular reserve, such as
congestive heart failure, chronic obstructive pulmonary disease (COPD), and aortic or
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mitral valve disease, frequently result in greater than expected pulmonary hypertension
compared to otherwise healthy patients.

Although pulmonary infarction is a potential consequence of thromboembolism,
death of lung tissue owing to ischemia is uncommon because there is usually some perfu-
sion past the embolus, collateral blood flow via bronchial arteries, and oxygenation from
the airways. Pulmonary infarction is more likely in patients with left ventricular failure or
COPD, probably because of reduced cardiac output or reduced collateral blood flow,
respectively.

Natural resolution of the thromboembolus begins shortly after the clot lodges in
the lung. Fibrinolysis is the process of clot destruction in which blood-borne and vascular
endothelial factors, such as tissue plasminogen activator, act to dissolve the clot. Clot res-
olution involves organization of the thrombus, attachment to the vascular wall, and return
of blood flow. Resolution usually results in complete or partial return of flow within 7 to
10 days. Perfusion can be restored with as little as 20% of the vessel diameter being
patent.

CLINICAL FEATURES

History

The clinical symptoms of PTE are nonspecific, and [)yspnea is a very
emboli may occur without causing symptoms. | onspecific symptom, but
Therefore, it is important to have a high index of sus- | most patients with
picion, especially if risk factors are present. significant pulmonary

The most common symptom associated With | ambolus will have it. The
pulmonary embolism is transient acute dyspnea (Table | giagnosis of pulmonary
7.1).34 Although less common, pleuritic chest painand | embolus should be
hemoptysis may indicate pulmonary infarction and | considered in all patients
pleural involvement. Syncope, although uncommon, | yith unexplained dyspnea.
suggests large clots and severe hemodynamic compro-
mise. A sense of impending doom is a potential symp-
tom and may be associated with
large emboli and hypotension.

Table 7.1 Common Symptoms in Pulmonary
Thromboembolism

Physical Examination

Physical examination of the

Symptom % Occurrence

patient with thromboembolism ~ DysPnea 73
most commonly reveals tachyp- L euritic pain 66

. . Cough 37
nea, tachycardia, and mild fever Leg swelling 28
(Table 7.2).3* Examination of the Leg pain 26
patient is most often normal, butif e optysis 13
clots are large, there may be find- Palpitations 10
ings suggesting right ventricular ~ Wheezing 9
strain (e.g., jugular venous disten-  Angina-like pain 4

tion). The lower extremities are
often normal but may reveal SOURCE: Adapted from and used with permission of Stein, PD, et al:

. . Clinical, laboratory, roentgenographic, and electrocardiographic find-
Swe”mg and tenderness associated ings in patients with acute pulmonary embolism and no pre-existing
with DVT. The patient’s breath cardiac or pulmonary disease. Chest 100(3):598, 1991.
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sounds may be normal or may
reveal localized wheezing or
crackles. A pleural friction rub
Sign 9% Occurrence may also be heard, particularly if
infarction involving the pleura is

Table 7.2 Common Signs of Pulmonary
Thromboembolism

Tach =2 hs/mi 7 .

cizcm Zea( 0 breaths/min) 5? present. Percussion of the chest
Tachycardia (=100 beats/min) 30 wall is usually normal. Ausculta-
Increased P, 23 tion of the heart may identify loud
Diaphoresis 1 pulmonic valve closure (P,) as part
Fever 7 of the second heart sound (S,), S,
Pleural friction rub 3 splitting, and a possible S; or S,.
Cyanosis 1

SOURCE: Adapted from and used with permission of Stein, PD, et al: HemOdynamiC and
Clinical, laboratory, roentgenographic, and electrocardiographic find- .
ings in patients with acute pulmonary embolism and no pre-existing Lab Evaluat|0n

cardiac or pulmonary disease. Chest 100(3):598, 1991. X .
The insertion of a balloon-

tipped, flow-directed catheter

classically reveals an increased PAP and central venous pressure (CVP) and a normal or
low pulmonary capillary wedge pressure (PCWP). A low PCWP occurs when significant
occlusion of the pulmonary vasculature leads to inadequate filling of the left side of the
heart. A pulmonary artery (PA) catheter is not commonly inserted to evaluate patients sus-
pected of having PTE but may already be in place owing to hemodynamic abnormalities.

Avrterial blood gases (ABGs) show an uncompensated respiratory alkalosis with
mild to moderate hypoxemia on room air and an increased alveolar-arterial oxygen gradient
when PTE is present.? ABGs do not play a major role in diagnosing the patient suspected of
pulmonary embolism. The electrocardiogram is useful in determining the differential diag-
nosis, particularly in ruling out a myocardial infarction. It is normal in most cases but may
show nonspecific ST and T wave abnormalities.®

Clot formation results in the release of a clot marker “D-dimer” that can be
detected in the blood. Many inflammatory conditions result in an elevated level of D-dimer,
but a negative result is relatively good evidence that no significant clot is being formed.
Levels >500 ng/mL are consistent with PTE.

Radiography

The chest radiograph is often normal or may show only nonspecific abnormalities such as
signs of volume loss, subsegmental atelectasis, or small pleural effusion (Fig. 7.1).
Pulmonary vascular distention may be caused by pulmonary hypertension. A subtle, local-
ized vascular narrowing in the area of decreased perfusion distal to the emboli may be
evident (“Westermark’s sign”).
Most PTE originate in the leg veins, so a com- Pulmonary embolism can be
mon diagnostic strategy is to use compression color flow difficult to diagnose because
Doppler ultrasound images of the leg veins. A negative many of the signs and
study rules out significant residual clot in the leg as a | symptoms are nonspecific
threat for future emboli. A positive study reveals a reason and routine chest x-rays are
to treat the patient with anticoagulant in a regimen often normal.
equivalent to that required for pulmonary embolism.
VIQ scans are frequently used to evaluate the patient suspected of having PTE.
The scan demonstrates the difference between the alveolar distribution of inhaled
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FIGURE 7.1 Chest radiograph of a patient with pulmonary embolism showing right hemi-
diaphragm elevation and right lower lobe radiopacity as a result of atelectasis.

radioactive xenon-133 and pulmonary capillary distribution of albumin radioactively
labeled with iodine or technetium. Healthy patients have an even distribution of ventila-
tion and perfusion. Typical findings of a pulmonary embolus include normal ventilation
but segmental or lobar defects in perfusion. Matching defects in ventilation and perfu-
sion, such as those that occur with pneumonia, are nondiagnostic of pulmonary
embolism. A normal perfusion scan effectively rules out thromboembolism. Normal ven-
tilation in the presence of at least two segmental defects or one lobar defect in perfusion
indicates a high probability that pulmonary embolism is present.

Pulmonary angiography is the diagnostic gold standard and also demonstrates the
extent of vascular involvement.? A radiopaque contrast is introduced via catheter into the
pulmonary artery (PA), and radiographs are taken as it circulates. Two signs are diagnostic
of pulmonary emboli: (1) abrupt cut-off of a vessel and (2) intraluminal filling defects.
Angiography requires catheterization of large veins and catheter manipulation through the
right heart. Although complications such as dysrhythmias and hemorrhage are associated
with these maneuvers, pulmonary angiography is generally safe.>®

Most hospitals are now using pulmonary embolus protocol contrast injection
computerized axial tomagraphy scans (CAT scan) to diagnose pulmonary embolus. These
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are much less invasive and require a smaller contrast load than traditional pulmonary
angiography and are only moderately less diagnostic.

TREATMENT

Pulmonary thromboembolism therapy is aimed at treating the vascular occlusion and its
pulmonary and hemodynamic consequences and preventing the reoccurrence of emboli.

Pharmacological Agents

Anticoagulant therapy using subcutaneous low-molecular-weight heparin (LMWH) or IV
unfractionated heparin is the most common initial form of treatment.”® Heparin inacti-
vates thrombin and clotting factor X and inhibits platelet aggregation, thereby inhibiting
the formation of new thrombi. Oral anticoagulants, such as the coumarin derivatives
sodium warfarin (Coumadin) and dicumarol, inactivate the vitamin K—-dependent clotting
factors 11, VII, IX, and X and are used for long-term therapy. Anticoagulation caused by
unfractionated heparin therapy is monitored by the partial thromboplastin time (PTT);
anticoagulation caused by the oral anticoagulants is monitored by the prothrombin time
(PT). Heparin is almost always used initially and is usually continued for at least 5 days
and until the PTT is stabilized in the therapeutic range. The duration of warfarin therapy
varies, depending on the likelihood of clot recurrence. Patients with clots caused by eas-
ily identifiable insults and not associated with risk factors for recurrence are usually
treated for 6 months, whereas recurrent clots or patients with scarred and distorted leg
veins may require lifetime therapy.*

Although anticoagulants prevent new clot formation and the growth of already
existing thrombi, they do relatively little to dissolve existing clots. Thrombolytic agents
such as streptokinase, urokinase, and tissue plasminogen activator dissolve fresh clots and
help restore vascular patency. Since these agents affect all recently formed clots and there-
fore increase the risk of bleeding, relative contraindications to their use include any bleed-
ing risk such as recent surgical procedures, ulcers, stroke, and childbirth. Thrombolytic
agents are most often used in patients with thrombi causing significant hemodynamic com-
promise. Thrombolytic treatment is most effective during the first 5 days after the clot for-
mation and embolus because the clot cannot be lysed after it has stabilized, which requires
about 5 days. Treatment with a thrombolytic agent is usually followed by heparin and
warfarin therapy.

Surgery

Surgical removal of massive pulmonary emboli is probably not more effective than throm-
bolytic therapy. It is used only as a last resort because the mortality rate following this pro-
cedure is approximately 60%.

Since the advent of modern anticoagulant therapy, inferior vena caval interruption
by surgical ligation, clips, or vena caval umbrella has been less frequently performed.
These procedures limit the entry of clots into the pulmonary vasculature by blocking their
path of entry from the lower extremities. Vena caval interruption is most often used if
emboli recur after anticoagulation, in patients at such high risk of death that a subsequent
embolus would probably be fatal, or when anticoagulant therapy is contraindicated. Vena
cava filters often predispose the patient to eventually developing large collateral vessels
that can act as a conduit allowing clots to bypass the filter and reach the lung.
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Supportive Care

In addition to specific therapy, patients with pulmonary thromboembolism may need addi-
tional supportive treatment. Respiratory therapists administer oxygen when hypoxemia is
present. The elimination of carbon dioxide is rarely a problem; however, the patient may
benefit from intubation and mechanical ventilation if a massive embolus causes respiratory
failure. If hypotension develops, volume expansion and dopamine can be used to maintain
adequate perfusion pressure.

Prevention

Because pulmonary thromboembolism is a relatively common and potentially severe prob-
lem, prophylaxis is important for patients at high-risk for developing clots. There is no
proven significant prophylactic benefit to wearing standard elastic stockings and ambulating
early after surgical procedures. Three factors that have proved useful in preventing throm-
boembolism include low-dose heparin, sodium warfarin, and venous compression devices.
Two to three doses of heparin each day administered subcutaneously is effective in many
patients at risk because of surgical or medical immobilization and myocardial infarction. An
equally effective regimen is LMWH once a day.

External venous compression devices, in
which an air-filled cuff is alternately inflated and
deflated, are effective in reducing thrombi formation in
the lower legs. This modality is especially useful in
patients who are at increased risk of bleeding if antico-
agulant therapy were to be used.

Strategies to prevent DVT
and PTE are important,
especially in high-risk
patients, and probably save
thousands of lives each year.

HISTORY

Mr. H is a 52-year-old Asian man who presents to the emergency department. His left leg is
in a cast, and he states that 1 week ago he was in an automobile crash and broke his upper
leg. Since that time he has had difficulty “getting around” and has mostly been lying on the
couch watching television. On the evening of admission he noticed a sudden onset of dysp-
nea and chest pain. He denies having orthopnea, cough, hemoptysis, or wheezing. He rou-
tinely takes iron supplements and occasionally aspirin, but no other medications. He
smoked two packs of cigarettes a day for 19 years but quit 3 years ago.

QUESTIONS ANSWERS
1. What are the key pulmonary The key pulmonary symptoms in this case are dysp-
symptoms that the attending nea and chest pain. The sudden onset of the dysp-
physician should explore in nea and chest pain indicate an acute problem,
greater detail, and what problems  rather than a chronic condition. Dyspnea and chest
do these symptoms suggest? pain occur with pulmonary thromboemboli, pneu-

monia, myocardial infarction, and pneumothorax
(Box 7.1). Differentiation among these medical
problems is extremely important because they are
all potentially fatal diseases with similar symptoms,
yet they require different treatment.
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2. What further questions should
the physician ask of the patient
to aid in the differential
diagnosis?

3. Why is the diagnosis of
pulmonary embolism most
likely?

Pertinent questions should attempt to differentiate
between the problems that cause chest pain and
those that cause dyspnea. The interviewer should
identify the risk factors and other symptoms present
in this patient for each of the diseases listed in the
differential diagnosis. Risk factors for DVT include
those that promote stasis, injury to blood vessels, or
increased coagulability of the blood. Other symp-
toms associated with DVT include fever, leg tender-
ness, and hemoptysis. Risk factors for heart disease
include hypertension, smoking, high cholesterol, a
high-stress lifestyle, and lack of exercise. Other
symptoms associated with heart disease include
nausea, diaphoresis, radiation of the chest pain to
the shoulder or jaw, and exercise-related pain. Risk
factors for pneumonia include immune deficiency
disorders, poor nutrition, chronic lung disease, head
injuries, and chronic health problems. Other symp-
toms associated with pneumonia include cough,
fever, and sputum production. Pneumothorax may
present with only pleuritic chest pain and dyspnea.

Two factors in the patient's history that favor the
diagnosis of pulmonary embolism are trauma and
immobilization. Trauma damages blood vessels and
releases endothelial factors that promote clotting,
whereas immobilization predisposes the patient to
blood stasis.

Pneumonia (bacterial or viral)
Pneumothorax

Aortic dissection
Tuberculosis

Acute pleuritis from:

* Collagen vascular disease
* Viral pleurisy

Myocardial infarction

Box 7.1 Differential Diagnosis of Pulmonary Thromboembolism
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“@g More on Mr. H

PHYSICAL EXAMINATION

® General. A well-nourished Asian male who is alert and oriented, anxious, and in mild

respiratory distress

e Vital Signs. Temperature 37.6°C (99.7°F) orally, respiratory rate 26/min, pulse 110/min,

blood pressure 134/88 mm Hg
e HEENT. Unremarkable

® Neck. Supple with full active range of motion; trachea midline, mobile, and without
stridor or wheezes; carotid pulses 3+, symmetric, and without bruits; no thryomegaly,
jugular venous distention, or lymphadenopathy

e Chest. Normal configuration and expansion with breathing

® Lungs. Right middle lobe and right lower lobe late-inspiratory crackles revealed on

auscultation

e Heart. Regular rhythm, with a rate of 110/min; a slightly increased S, (P,) heard at the
second intercostal space at the left sternal border; systolic heave located at the fourth
intercostal space near the left border of the sternum

e Abdomen. Nondistended, soft, nontender with no masses or organomegaly

e Extremities. No cyanosis, digital clubbing, or peripheral edema; left leg in a cast

QUESTIONS

ANSWERS

4. What is the significance of
Mr. H's anxiety?

5. What is the significance of
Mr. H's temperature?

6. What is the significance of the
systolic heave noted at the left
sternal border?

Anxiety and apprehension may be produced by any
medical condition. They are relatively common
symptoms of pulmonary emboli and are usually
displayed by restlessness and irritability. The
etiology of these symptoms is unknown.

Although the presence of a fever is common with
infections such as pneumonia, a low-grade fever is
also a common finding in pulmonary embolism and
may help rule out other differential diagnoses, such
as pneumothorax.

A heave is an abnormal pulsation occurring on the
precordium, and when palpated at the left sternal
border, is often caused by right ventricular hyper-
trophy. A right ventricular heave is indicative of
pulmonary hypertension. Many pulmonary vessels
must be occluded before pulmonary hypertension
develops. Therefore, a right ventricular heave
indicates relatively severe disease.
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7. What is the cause of the Crackles are a common finding in patients with pul-
patient's crackles? monary emboli. Atelectasis is a common result of
pulmonary embolism and is most likely responsible
for the inspiratory crackles. Atelectasis may also be
the cause of the fever if infection is present.

8. What pathophysiology accounts  The P, portion of the second heart sound (S,) repre-
for the louder P, component of sents pulmonic valve closure. An increased intensity
the second heart sound? of the P, portion of that sound is indicative of more

forceful valve closure caused by pulmonary vascular
hypertension. Obstruction of the pulmonary vessels

by thromboemboli causes an increase in PAP, which
results in the valve's snapping shut with more force.

9. What findings, if any, indicate Although the patient is not cyanotic, more subtle
the presence of hypoxemia? signs of acute hypoxemia are present. Tachycardia
and tachypnea are nonspecific cardiovascular and

pulmonary responses to hypoxemia. The patient's

anxiety might also indicate that he is hypoxemic.

More on Mr. H

Box 7.2 Laboratory Evaluation

Chest Radiograph (see Fig. 7.2)

ABGs (on room air)

ABGs Value

pH 7.51

Paco, 30 mm Hg

Po, 60 mm Hg
HCO,~ 24 mEq/liter
Base excess (BE) -1

Hb 13.1 g/100 mL
Sao, 87.8%

Cao, 15.6 vol%
P(A-a)o, 52 mm Hg

e Complete blood count: Results pending
® Chemistry: Results pending
e Electrocardiogram (ECG): Sinus tachycardia
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FIGURE 7.2 Chest radiograph on day of admission. (A) AP view.

QUESTIONS

ANSWERS

10. What chest radiograph findings
are consistent with pulmonary
embolism? How do you interpret
the chest radiographs?

Although the findings on the chest radiographs are
frequently nonspecific for thromboembolism,
hemidiaphragm elevation is common and is proba-
bly indicative of atelectasis. The atelectasis is
thought to occur as a result of bronchospasm, sur-
factant depletion, and underperfusion of alveolar
spaces. Normally, most of the pulmonary perfusion
is to the middle and lower lung fields. Most clots
follow the perfusion to these areas, and as a result,
atelectasis is most often found in the middle to
lower lung fields. Mr. H's chest radiograph shows no
significant abnormality, which is common for
patients with pulmonary embolism.
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FIGURE 7.2 (B) Lateral view. (CONTINUED)

11. What is the patient's acid-base The patient's acid-base status shows acute respira-
and oxygenation status? tory alkalosis. Moderate hypoxemia on room air is

also present, which is common in patients with
emboli. In addition, the arterial oxygen saturation
(Sao,) is low and the arterial oxygen content (Cao,)
slightly reduced. Because the calculation of Cao,
includes Sao,, Pao,, and hemoglobin, it reflects
oxygen-carrying capacity, which in this case is
mildly reduced, mostly owing to the low Sao,. The
alveolar-arterial oxygen gradient is increased as a
result of the ventilated but underperfused regions
of the lung affected by the embolus (dead space
ventilation), resulting in V/O mismatch.

12. What treatment would you Treatment at this time should consist of oxygen
suggest at this time? therapy administered via nasal cannula to increase
the patient's Pao, above 80 mm Hg. The physician
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should order IV anticoagulant therapy to prevent
further thrombi. The use of thrombolytic agents is
not indicated because of the relatively limited lung
involvement and the absence of systemic hypoten-
sion. Should further embolization occur and cause
hemodynamic compromise, the use of thrombolytic
agents might be warranted.

The patient's history, physical, and diagnostic find-
ings provide a presumptive diagnosis of pulmonary
embolism. AV/O scan might be useful to confirm
the diagnosis. Pulmonary angiography would better
document the exact location and extent of the
embolism, but is not necessary under these circum-
stances.

A day later, after having a V/Q scan (Fig. 7.3) and while ambulating around the unit, Mr. H

states that he is feeling "worse"” and having trouble breathing. He is acting very

agitated and is slightly confused. There is no change in the physical examination findings,

except that he is pale, his skin is cool and clammy, and his blood pressure is 88/45 mm Hg.

IMAGE 47

FIGURE 7.3 Ventilation-perfusion (V/Q) scan (ventilation scan on left, perfusion scan on right) one day after
admission, showing scattered reduced perfusion compared to ventilation on the right and left sides.
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QUESTIONS

ANSWERS

14. What is the sign.iﬁcance of the
results of the V/Q scan?

15. Of what significance is the
change in Mr. H's mental status?

16. What pathophysiology accounts
for Mr. H's hypotension?

17. What therapy is indicated at
this time?

18. Should Mr. H be admitted to the
intensive care unit (ICU)?

V/O scans depict the relative matching of ventila-
tion to perfusion in the lung. In this case, segmen-
tal decrease in perfusion compared to ventilation in
otherwise healthy lungs suggests vascular occlusion
by pulmonary emboli. Unfortunately, other problems
such as vasculitis, vasospasm, vessel destruction,
and neoplastic vascular compression can reduce
perfusion and result in similar findings during v/Q
scanning.

Agitation, confusion, anxiety, and restlessness
are all nonspecific symptoms associated with
severe diseases, including pulmonary embolism.
The sudden change in mental status most likely
indicates a deterioration in perfusion and oxy-
genation of the brain and in this case most likely
represents the formation of another pulmonary
embolus.

Systemic hypotension in this case is a result of pul-
monary vascular occlusion by thrombi. The vascular
occlusion causes increased PVR, reduced right
ventricular output, and corresponding decrease in
left ventricular filling, cardiac output, and systemic
blood pressure.

Oxygen therapy and anticoagulant therapy are
still indicated. An increased fraction of inspired
oxygen (Fio,) is useful in this case because hemo-
dynamics are marginal. In addition, thrombolytics
may be necessary to induce rapid clot breakdown
and aid the maintenance of cardiovascular hemo-
dynamics.

The patient should be admitted to the ICU for close
monitoring and definitive therapy. Massive pul-
monary emboli are life threatening and require
aggressive treatment.
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Box 7.3 Additional Laboratory Evaluation

analysis. The results are as follows:

PA Catheter Data

Measure

CVvP

PAP

PCWP

Cardiac output
Cardiac index

The attending physician inserts a PA catheter and orders another chest radiograph and ABG

Value

16 mm Hg
45/32 mm Hg

4 mm Hg

2.7 liters/min
1.6 liters/min/m?

ABGs (on 6 liters/min O, by simple mask)

ABG Value

pH 7.37

Paco, 30 mm Hg

Pao, 54 mm Hg

BE -5

HCO,~ 16 mEq/liter

Hb 13.5 g/100 mL

Sao, 86%

Cao, 15.8 vol%
QUESTIONS ANSWERS

19. What is the significance of the
PA catheter measurements, and
why is the cardiac output low?

20. What is the patient's prognosis?

21. What could explain the meta-
bolic acidosis shown by the
ABGs?

The CVP and PAP are both elevated as a result of the
pulmonary vascular obstruction that causes pul-
monary hypertension. This causes an acute increase in
right ventricular work and predisposes the patient to
right ventricular failure. Cardiac output and cardiac
index are reduced as a result of acute right ventricular
failure, which reduces left ventricular filling (as evi-
denced by the low PCWP). These measurements indi-
cate life-threatening disease with right heart failure.

Mr. H has a life-threatening problem that requires
urgent treatment. Fatalities usually occur within the
first hour after the embolus occurs. If the patient sur-
vives longer than 1 hour and appropriate treatment is
initiated, there is a relatively good chance of survival.

The metabolic acidosis is most likely due to lactic
acidosis. This is common in patients who have
reduced cardiac output and tissue hypoxia, which
leads to anaerobic metabolism and the production
of lactic acid.
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A% MrHConclusion

Mr. H is admitted to the ICU and started on thrombolytic therapy, low-dose heparin ther-
apy, and high-flow oxygen therapy. Within 24 hours of initiating thrombolytic therapy, his
hemodynamic parameters normalize. Over the next several days Mr. H gradually improves,
and on day 4 he is able to maintain adequate oxygenation via nasal cannula at 3 liters/min.
The remainder of his hospital stay is uneventful, and on day 7 he is discharged on a regimen
of sodium warfarin therapy. ®

F3eons

* Pulmonary thromboembolism is a relatively common disorder affecting approxi-
mately 500,000 people and killing 200,000 people a year in the United States.

» Three main factors are associated with the formation of deep venous thrombi:
hypercoagulability, damage to the endothelial wall of the blood vessel, and venous
stasis.

* Although thromboemboli may form at almost any site, approximately 95% originate
in the deep veins of the lower extremities, the remainder forming in pelvic veins.

 Pulmonary vascular obstruction caused by thromboembolism may affect both res-
piratory and hemodynamic systems. PTE leads to V/Q mismatching and hypox-
emia. Large PTE can cause decreased cardiac output owing to poor left ventricular
filling.

 The most common symptom associated with pulmonary embolism is transient acute
dyspnea.

* Physical examination of the patient with thromboembolism most commonly reveals
tachypnea, tachycardia, and mild fever.

* The chest radiograph is often normal or may show only nonspecific abnormalities
such as signs of volume loss, subsegmental atelectasis, or small pleural effusion.

» A common screening protocol includes an initial D-dimer followed by an ultrasound
of the leg and/or VIQ scan if the D-dimer is positive.

 Pulmonary angiography is the gold standard for diagnosing pulmonary embolism,
but most hospitals are now using VIQ scans and/or pulmonary embolus protocol
contrast injection computerized axial tomagraphy scans (CAT scan) to diagnose
pulmonary embolus. These are much less invasive, require a smaller contrast
load than traditional pulmonary angiography, and are only moderately less
diagnostic.

* Preventive strategies for venous thrombosis in high-risk patients may save thousands
of lives a year.

* Treatment for venous thromboembolism typically consists of heparin/LMWH and
warfarin for 6 months to life.
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CHAPTER OBJECTIVES:

After reading this chapter you will be able to identify the following:

B The definition of heart failure and cor pulmonale.

m The risk factors for heart disease and failure.

B The three cardiac compensatory mechanisms involved when the heart begins to fail.
® The clinical features observed in both right and left heart failure.

B The clinical treatment of heart failure.

B The respiratory care management of cardiogenic pulmonary edema.

INTRODUCTION

Heart failure is a common complex clinical condition characterized by inability of the
heart to maintain adequate blood circulation. In the United States about 4.9 million peo-
ple have heart failure, with 550,000 new cases diagnosed annually. The disease is seen
equally in men and women. Heart failure occurs in approximately 2.5% of white males,
1.9% of white females, 3.1% of black males, 3.5% of black females, 2.7% of Mexican-
American males, and 1.6% of Mexican-American females.® In 2001 19,805 men and
33,023 women died of heart failure. One study showed a survival rate at 1, 2, 5, and 7
years after diagnosis of congestive heart failure of 74%, 65%, 45%, and 32%, compared
with 97%, 94%, 80%, and 70% in a matched reference group without congestive heart
failure.?

Physiologically, the failing heart is unable to maintain an adequate cardiac output
despite appropriate venous return. As a consequence, hypoperfusion and pulmonary vas-
cular congestion, known as cardiogenic pulmonary edema, occur. Clinical manifestations
depend upon which side of the heart (left or right) fails and to what extent the cardiovascu-
lar system is able to compensate.

The term congestive heart failure (CHF) is

Cor pulmonale occurs in frequently applied when making the diagnosis of heart

patients with pulmonary failure. In general, CHF results in an accumulation of

disease when the right fluid in the lungs (pulmonary edema) and extremities

ventricle hypertrophies (peripheral edema) as a consequence of left ventricular

owing to pulmonary failure. Cor pulmonale is the term used to describe

hypertension. right ventricular enlargement and failure as a result of
primary pulmonary disease.
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Box 8.1 The Etiologic Factors of Heart Failure*

ETIOLOGY

The factors that increase a per-
son’s risk for heart disease and
failure include hypertension, dia-
betes, smoking, obesity, a high-fat
diet, and family history of heart
disease.® The Framingham Study
has established that more than
60% of heart-failure cases are
caused by hypertension and coro-
nary artery disease.** Idiopathic
dilated cardiomyopathy or pri-
mary myocardial disease causes
30% to 40% of cases;* valvular
heart disease causes less than
20%.* Box 8.1 lists the various
causes of heart failure.

Most acute episodes of
heart failure occur in cardiogenic
illness brought about by recog-
nized risk factors. In addition to
contributing to the etiology of
heart disease, these factors may
interfere with one or more of the
compensatory mechanisms that support cardiovascular function. Knowledge of the various
risk factors may greatly improve the recognition and treatment of heart failure. The more
common factors and their prevalence in the U.S. population are listed in Table 8.1.

Acute cor pulmonale is frequently associated

Coronary artery disease

Hypertension

Primary or idiopathic dilated cardiomyopathy

Valvular abnormalities: regurgitation and stenosis

Congenital cardiac defects

Chronic pulmonary disease

Drugs: amphetamines, heroin, cocaine, anti-TB

combinations, high-dose cancer chemotherapy
combinations

Infectious myocardial inflammation

e Viral (e.g., influenza, mumps, and rabies)

* Bacterial (e.g., streptococcal—rheumatic heart disease)

® Mycotic (e.g., histoplasmosis)

Other causes

¢ Chronic alcohol ingestion

® Acute leukemia

e Metal poisonings (e.g., cobalt, iron, and lead)

* Metabolic defects (e.g., myxedema)

* Neurological disorders (e.g., Duchenne's muscular
dystrophy)

* Trauma (e.g., cardiac tamponade)

*From: Chesebro, JH et al.: Cardiac failure: characteristics and clinical
manifestations. In Brandenburg, RO (ed): Cardiology: Fundamentals
and Practice, Chicago, Year Book, 1987.

with an abrupt elevation of pulmonary artery pres-
sure. This may be observed with massive pulmonary
embolism, severe hypoxemic pulmonary vasoconstric-
tion owing to acute respiratory failure, or mechanical
constriction of the pulmonary vasculature secondary to
bilateral pneumothoraces. Chronic cor pulmonale is

Risk factors for heart failure
include chronic heart disease,
cardiac valve disease,
hypertension, diabetes,
smoking, obesity, and
high-fat diet.

responsible for 10% to 30% of admissions for presumed
CHF and is primarily caused by chronic pulmonary diseases including chronic bronchitis,
emphysema, and pulmonary fibrosis.

PATHOPHYSIOLOGY

The measurement of cardiac output (CO) is an indication of cardiac pump performance. CO
is measured as the flow of blood from one ventricle in liters per minute. It is determined by
heart rate (HR) and stroke volume (SV). The following equation describes this relationship:

CO =HR X SV

Heart rate is regulated by the pacing system of the heart and influenced by the
neurotransmitters (norepinephrine, epinephrine, and acetylcholine) released by the auto-
nomic nervous system and adrenal glands. Stroke volume is influenced by venous return
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Table 8.1 Population Attributable Risk Factor Ranking for Cardiac Failure®™'?

Prevalence in U.S. Framingham NHANES-1

Risk Factor Population Heart Study (Overall)

Hypertension M 60% M 39% 10%
F 62% F 59%

Coronary artery disease

Myocardial infarction M 10% M 34% 62%
F 3% F 13%
Angina pectoris M 11% M 5%

F 9% F 5%

Obesity M 22% M 11% 8%
F21% F 11%

Diabetes M 8% M 6% 3%
F 5% F 12%

Valvular heart disease M 5% M 7% 2%
F 8% F 8%

Left ventricular hypertrophy (ECG) M 4% M 4% NA
F 3% F 5%

Current cigarette smoking M 249 N/A 17%
F 19%

Low physical activity M 35% N/A 9%
F 400

Male gender 49% NA 9%

<High school education M 13% N/A 9%
F 11%

(preload pressure), downstream resistance (afterload), myocardial contractility, and ven-
tricular compliance. A more complete discussion of these factors and their interrelation-
ships can be found in Chapter 6.

In the normal heart, there is an exceptional degree of autoregulation of cardiac out-
put to meet metabolic demands and prevent an imbalance in output between the right heart
and the left heart. A difference of as little as 1 mL/min can lead to venous congestion
upstream from the failing ventricle. Left ventricular failure with congestion of the pulmonary
circulation upstream from the left heart results in more disruptive symptoms than does a sim-
ilar degree of right heart failure. The more muscular wall of the left ventricle is capable of per-
forming much greater work than the less muscular right ventricle. The more limited func-
tional capacity of the right ventricle predisposes it to failure when challenged with increasing
preload or afterload or both. As a consequence, right heart failure commonly follows primary
left heart failure. Interestingly, secondary right heart failure actually reduces the pulmonary
congestion and the preload of the failing left ventricle, which provides a type of compensa-
tion. Rarely does primary right heart failure lead to left side failure.

A variety of functional changes occur in heart failure and influence myocardial per-
formance, circulatory changes, fluid and electrolyte imbalance, and pulmonary dysfunction.

Myocardial Performance

The myocardial fibers in heart failure have decreased length-tension and force-velocity
capabilities when stimulated to contract. This demonstrates the heart’s reduced inotropic
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FIGURE 8.1 Frank-Starling ventricular function curves relating output (stroke work) and
end-diastolic volume in three myocardial states of contractility. Output is varied along a single
curve (e.g., A to B or A to C) as end-diastolic volume is altered by venous return. Output may
also be changed by shifting from one curve to another (e.g., A to D or A to E) as the contractile
or inotropic state of the ventricle is altered. Increased contractility can be brought about by
hormonal or drug action, while decreased contractility is typical of heart failure.”®

capacity and reduced ability to generate a normal stroke volume. The ejection fraction (the
percentage of end diastolic volume pumped in one heart beat) can fall from a normal value
of approximately 70% to as low as 10% in severe failure. These deficits result from reduc-
tions in contractility or alterations in the heart’s preload and afterload.

Three cardiac compensatory mechanisms improve myocardial performance dur-
ing the greater demands of exertion and in failure:

e Autoregulation of the Heart. As myocardial fibers are stretched by increasing end-
diastolic ventricular pressure and volume, the fibers contract with greater force (Frank-
Starling response). Figure 8.1 illustrates this relationship in both the normal and failing
heart. In the normal heart, the increase in venous return and ventricular filling associated
with exercise or other forms of stress is easily compensated for through this mechanism.
Failure of a ventricle results in a progressive increase in end-diastolic volume and ven-
tricular dilation. The Frank-Starling response improves myocardial performance in heart
failure, but this improvement leads to vascular engorgement that backs up into the pul-
monary or systemic venous systems in left or right heart failure, respectively. To compli-
cate cardiac performance further, an overly elevated end-diastolic volume reduces the
compliance of the ventricle, which reduces contractility and nullifies or greatly reduces
the Frank-Starling response and further contributes to CHF.

e Sympathetic Neural Responses. During times of stress or hypotension, the sympathetic
nervous system releases epinephrine and norepinephrine, which stimulate the beta and
alpha receptors of the cardiac pacing system and myocardium. This results in increased
heart rate and greater contraction, which improve cardiac output. During heart failure,
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there is increased sympathetic activity and greater concentrations of epinephrine and nor-

epinephrine in plasma during conditions of rest and exercise. This response improves car-

diac performance initially, but it diminishes over time. Later, sympathetic stimulation can
provoke ischemic symptoms if the myocardium’s metabolic rate is stimulated beyond
the coronary circulation’s capacity to supply adequate blood flow to the myocardium.

In chronic heart failure, persistent tachycardia develops, resulting in a reduction of the

heart’s ability to alter its rate from rest to exercise.

e \entricular Hypertrophy. Ventricular hypertrophy
is an increase in myocardial muscle thickness and
mass produced by chronic exposure to elevated vas-
cular pressure, greater blood volume, and elevated
sympathetic nervous system release of neurotrans-
mitters (e.g., norepinephrine, dopamine). While the
hypertrophy is beneficial for improving the strength
of contraction in the early stages of heart failure, this
benefit is eventually offset by a decreasing ventric-
ular compliance. This condition is often further

exacerbated by ischemic changes, which are brought about by inadequate oxygen delivery

to an enlarged myocardium during conditions of increased myocardial work. Hypertrophy
is not necessarily permanent if produced over a short period of time and then corrected. This
reversal is common after surgical prosthetic replacement of a stenotic aortic valve.

hen the heart begins to
fail, it will try to compensate
by an increase in force of
contraction, increase in
heart rate, and an increase
in the muscle thickness of
the ventricle.

Circulatory Changes

Significant systemic redistribution of blood flow occurs in heart failure as an important
compensatory mechanism. This adjustment results in a diversion of the already reduced
cardiac output away from renal and cutaneous tissues to the more important coronary and
cerebral circulations. These adjustments occur during rest, but they are further intensified
during exercise through the influence of the sympathetic nervous system.

In heart failure, the systemic vascular resistance is generally increased through the
vasoactive effects of an elevated plasma norepinephrine concentration and vessel wall
engorgement owing to sodium and water retention. This compromises the cardiovascular
system’s ability to undergo vasodilation, which limits its ability to increase oxygen trans-
port and dissipate heat during exercise or other forms of stress. Thus, heart failure patients
are often very sensitive to heat and have reduced exercise tolerance.

Right heart failure results in systemic venous and capillary congestion and hyper-
tension. This leads to liver engorgement, portal hypertension, reduced lymph drainage back
to the venous system, and fluid retention in various third spaces (e.g., dependent joint cap-
sules, peritoneal cavity, pleural space).

Failure of the left heart produces pulmonary engorgement and hypertension.
Initially, pulmonary artery diastolic pressure increases to around 12 to 18 mm Hg. This
leads to increased blood flow to the upper lung or nondependent zones. Further failure
results in greater pressures that can lead to pulmonary congestion and edema.

Fluid and Electrolyte Balance Imbalance

In heart failure, reduced cardiac output and generalized vasoconstriction result in renal
hypoperfusion. This results in reduced glomerular filtration and subsequent sodium
and water retention. Systemic venous congestion during right heart failure can lead to
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renal venous hypertension, which can cause reductions in glomerular filtration and
increased tubular reabsorption of sodium. Thus, arterial hypoperfusion, venous hyper-
tension, or both lead to renal responses that compound the congestive component of
failure.

In addition to the renal vascular changes brought about by increased plasma con-
centrations of norepinephrine during heart failure, a variety of other hormonal adjustments
induce further changes in renal function.* Reduced renal perfusion triggers the kidneys’
production of renin, which stimulates the production of angiotensin I. Angiotensin | is con-
verted to angiotensin Il during transit through the pulmonary circulation. Angiotensin II
stimulates renal tubular sodium reabsorption, causes vasoconstriction, which intensifies
renal hypoperfusion, and stimulates adrenal gland secretion of aldosterone. Aldosterone
induces further renal retention of sodium. Atrial natriuretic peptide (ANP), a small protein
hormone produced by specialized stretch receptor cells in the atria, is secreted in greater
quantities during heart failure.’ Increasing levels of ANP stimulate the kidneys to excrete
sodium. This effectively antagonizes the effects of aldosterone and helps limit the sodium
and water retention common in heart failure.

As a result of these renal changes, patients in heart failure generally have
increased blood volume, interstitial fluid volume, and total body sodium. This altered fluid
and electrolyte balance, coupled with poor cardiac performance, can easily lead to the
development of systemic and pulmonary edema.

Edema Formation

The movement of fluid back and forth between the vascular and interstitial spaces is a nor-
mal phenomenon. The movement of water is governed by the permeability of the capillary
wall, capillary blood pressure, interstitial fluid pressure, and oncotic pressure (primarily the
osmotic force generated by proteins) of blood and interstitial fluid. These forces are
brought together in Starling’s law of the capillary:

Fluid movement = Kf [(P, — P;) — (m, — ;)]

where Kf is the filtration constant for the capillary, P, is the hydrostatic pressure within the
capillary, m, is the oncotic pressure exerted by interstitial fluid, P; is the hydrostatic pres-
sure of interstitial fluid, and m; is the oncotic pressure exerted by interstitial fluid and is a
reflection of the coefficient of protein. Normally these forces result in the net movement
of about 150 mL of fluid into the interstitial space per hour. This fluid is absorbed by the
lymphatics and returned to the systemic venous circulation and results in a stable intersti-
tial fluid volume. When this natural drainage mechanism fails, excessive fluid collects in
the interstitial space.

Edema is the term used to describe the clinical appearance of accumulated fluid in
the interstitial spaces of the body. A variety of conditions can lead to the formation of edema:

e Increased capillary permeability (e.g., effects of sepsis)

e Increased capillary hydrostatic pressure

* Reduced blood protein concentration (e.g., hypoalbuminemia), which results in reduced
oncotic pressure

e Lymphatic obstruction

Fluid retention and increased capillary blood pressure occur in CHF. Right heart
failure causes systemic venous and capillary hypertension, which leads to systemic organ
and dependent limb edema. In left heart failure, pulmonary circuit blood pressure increases
as blood collects upstream from the failing left ventricle. Pulmonary capillary pressures
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begin to increase, and interstitial fluid accumulates along the vessel walls, around the small
airways, and in the pleural space. This initially occurs in the dependent regions of the lung,
where capillary pressures are the highest. As the severity of left heart failure increases, pul-
monary edema occurs throughout the lung in those regions where pulmonary capillary
pressures exceed 25 mm Hg.

Pulmonary Dysfunction

Pulmonary function is often disturbed during left ventricular failure (Table 8.2). Advanced
left ventricular failure produces marked impairment in pulmonary function, whereas early
left ventricular failure, with its attendant mild pulmonary hypertension (e.g., pulmonary
artery wedge pressure [PAWP] of 15 to 20 mm Hg), actually improves gas exchange
through an increased pulmonary blood volume and improved ventilation-perfusion (VQ)
matching. As left ventricular function deteriorates and increasing pulmonary congestion
occurs, lung water increases. This causes decreases in lung volume and diffusion capacity
and increases in airway resistance and V/Q mismatching. Severe failure and frank alveolar
flooding are often accompanied by a dramatic deterioration in forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV,), lung compliance, and gas exchange, as well
as a mixed respiratory and metabolic acidosis. These changes can cause further heart fail-
ure, which causes further pulmonary dysfunction, and thus a vicious circle of failure
begins.

Table 8.2 Pulmonary Dysfunction During Left Heart Failure?®

Severity Pathophysiology Pulmonary Abnormalities
Mild Pulmonary vascular congestion T Dico

T Pao,

Paco, and pH are normal
Moderate Pulmonary interstitial edema 4 FVC or unchanged

4 FEV, or unchanged

T Closing volume

T Vo/vr

1 V/Q matching

d Dico

d Pao,

4 Paco, and T pH
Severe Alveolar flooding Jpve

LRV,

4l Compliance
TT Closing volume
T Vo/vr

T1V/Q matching
44 Dico

4 Pao,

T Paco, and { pH

Dico = carbon monoxide diffusing capacity of the lung; FVC = forced vital capacity; FEV, = forced
expiratory volume in 1 second; Vp/VT = ratio of volume of dead space to tidal volume;V/Q = ventilation-
perfusion ratio.
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Clinical Features

The two major clinical manifestations of heart failure are (1) fluid retention and peripheral
edema (associated with right ventricular failure) and (2) pulmonary vascular congestion
(caused by left ventricular failure). This division is clinically useful but potentially mis-
leading, since biventricular failure often occurs as one ventricle fails primarily and pre-
cipitates failure of the other. Cor pulmonale is difficult to recognize because the clinical
picture is almost always dominated by chronic pulmonary disease. The clinical manifesta-
tions vary not only with the major form of heart failure present, but also with the patient’s
ability to compensate and his or her response to therapy.

The morbidity and mortality associated with heart failure necessitates early recog-
nition and treatment. If the patient has a history of one or more risk factors (see Table 8.1),
it is very useful to determine whether the heart failure is the primary or a contributing cause
of the patient’s complaints or condition.

The patient with left ventricular failure
often presents with dyspnea, cough, reduced exercise
tolerance, delirium, anxiety, and adventitious breath
sounds (Table 8.3).%° Cognitive impairment is not
uncommon, owing to a decrease in cerebral blood
flow, although it has been shown to improve with exer-
cise training programs.'”!® The increased sympathetic
activity and release of norepinephrine combined with
poor cardiac output leads to poor peripheral circula-
tion. This often produces cool skin, diaphoresis, cyanosis of the digits, and peripheral pallor.

he most common clinical
signs of heart failure are
dyspnea, cough, reduced
exercise tolerance, abnormal
breath sounds, tachycardia,
and decreased sensorium.

Table 8.3 New York Heart Association Functional Classification of Heart Disease
Correlated with Mortality

Functional 1-Year
Class Definition Manifestation Mortality (%)
| Patients with cardiac disease Ordinary activity 0-5
but without physical does not cause undue
limitation fatigue, palpitations,
dyspnea, or angina
Il Patients with cardiac Ordinary physical activity
disease that results in fatigue, palpitations, 10-20
results in slight limitation; dyspnea, or angina
comfortable at rest
I Patients with cardiac disease Less than ordinary physical 35-45
resulting in marked activity results in fatigue,
limitation of physical palpitations, dyspnea, and
activity; comfortable angina
at rest
\% Patients with cardiac disease Symptoms of cardiac insufficiency  85-95

resulting in an inability
to carry out any physical
activity without discomfort

or angina may be present,
even at rest
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Distended jugular veins, abdominal distention owing to ascites, hepatojugular reflux, and
peripheral edema of the ankles are common findings of right ventricular failure.'®

Dyspnea either at rest or with minimal exertion is frequently seen during signif-
icant failure.’ It is also the most common sign of heart failure in the older population.
The dyspnea commonly increases when the patient is lying flat (orthopnea) and abruptly
after retiring at night (paroxysmal nocturnal dyspnea). This increase in dyspnea is caused
by the addition to the lungs of about 1 liter of blood resulting in a threefold increase in
the work of breathing when the patient is in the supine position. For this reason, these
patients often report that their sleep is disturbed and that they sleep better with numerous
pillows. Tachypnea is a compensatory breathing pattern that these patients often adopt.

Sleep disordered breathing is common in patients with CHF. Cheyne Stokes
breathing with central sleep apnea has been found in 40% of patients with CHF, while
obstructive sleep apnea/hypopnea was seen in 11%.%° There is also evidence indicating that
a history of obstructive sleep apnea may be an independent risk factor for CHF.2

Aerobic exercise capacity is frequently diminished in patients with chronic heart
failure.?? This impairment is associated with inadequate oxygen delivery to skeletal mus-
cles, their subsequent shift to anaerobic metabolism, and consequent fatigue.*?* As heart
failure increases and maximum cardiac output falls, exercise capacity and maximum oxy-
gen utilization decrease. Patients with the poorest performance are at highest risk for com-
plications, the need for hospitalization, and death.?

Physical Examination

Tachycardia is a common finding and represents a compensatory mechanism for main-
taining cardiac output in the face of a poor stroke volume. Alterations in beat-to-beat
blood pressure (pulsus alternans) may be detected, indicating severe myocardial disease.
Tachycardia (heart rate greater than 100/min) and dysrhythmias may contribute to the
degree of heart failure and may be secondary to associated electrolyte imbalance or drug
toxicity. For these reasons, continuous electrocardiographic (ECG) monitoring is a stan-
dard of care during the acute phase of treatment.

Compensatory sympathetic vasoconstriction may maintain a normal blood pres-
sure, but in severe failure the systolic and mean arterial pressures will be reduced (cardio-
genic shock). The patient’s peripheral skin temperature is frequently reduced, whereas core
temperature may actually be elevated as a result of impaired heat dissipation.

Auscultation of the chest during left ventricular failure often reveals inspiratory
crackles and polyphonic expiratory wheezes. Crackles occur as small airways of atelectatic
regions “pop” open upon inspiration. Wheezes may be caused by reflex bronchoconstric-
tion, a decrease in airway diameter caused by a decrease in overall lung volume, swelling
of the bronchial mucosa, and obstruction by edema fluid in the airways.?® Presence of an S,
or S, or both and murmurs are common and may be more evident with exercise.

Peripheral edema, abdominal distention, and superficial abdominal vein disten-
tion are common findings of right and biventricular chronic heart failure. Liver congestion
(hepatomegaly) and excessive peritoneal fluid retention (ascites) cause abdominal disten-
tion as a result of chronic venous hypertension and impaired lymphatic drainage.
Hepatojugular reflux may also be present. In most adults, fluid retention of approximately
5 liters must occur before peripheral edema is detectable. Edema fluid collects in the most
dependent regions of the body, such as the ankles in the upright patient (pedal edema). The
edema formation may become so severe that the skin will pit upon pressing on it. Pitting is
commonly evaluated on a scale of 1+ to 4+, where 1+ indicates slight edema and 4+ indi-
cates severe edema often with seeping of fluid from beneath the skin, usually referred to as
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“weeping.” Edema observed above the knee indicates more severe fluid retention than
edema limited to the ankles. In bedridden patients edema rarely forms in the face but more
often in the posterior parts of the arms, thighs, and legs.

Chest Radiography

Specific radiographic changes are associated with the three degrees of left heart failure, as
follows:

e Mild Failure. Pulmonary venous congestion with widening of pulmonary arteries; redis-
tribution of pulmonary blood flow to the upper lung fields.

e Moderate Failure. Cardiomegaly (heart greater than half the diameter of the thorax);
pulmonary artery engorgement; interstitial pulmonary edema (presence of Kerley’s A
lines [1- to 2-cm lines of interstitial edema out from the hilum] and Kerley’s B lines
[short, thin, flattened streaks of interstitial edema outlining the subsegmental lymphatics
that extend from the pleural surface]).

e Severe Failure. Cardiomegaly; pulmonary artery engorgement; interstitial pulmonary
edema; fluffy, patchy alveolar edema (often in a “butterfly” pattern that radiates out from
the perihilar region); and bilateral or unitlateral right-sided pleural effusion.

The progression of the density seen on the
chest radiograph corresponds to the degree of failure.
As the heart failure worsens, more and more fluid
accumulates within the lungs and the “whiteness” on
the chest radiograph intensifies and progresses from
the more dependent regions toward the less dependent
regions at the top of the lungs.

7T he chest radiograph will
show cardiomegaly,
cephalization of blood flow,
and Kerley's A and B lines
when heart failure is present.

Electrocardiography

A variety of dysrhythmias occur during heart failure. Sinus tachycardia is the most com-
mon ECG abnormality. Frequent premature ventricular contractions and atrial fibrillation
may contribute to failure or be a result of it. Bundle branch blocks and axis deviations are
common in cardiac hypertrophy. QT-wave changes are frequently present and suggest
myocardial hypoxia or infarction or both. Patients with chronic heart failure are at
increased risk for sudden death with increasing QT dispersion and variation.?” Changes
in R wave magnitude, right axis, or right bundle branch block are more common during
right heart failure.

Arterial Blood Gases

Avrterial blood gas (ABG) analysis is useful for determining the degree of gas exchange
derangement and the trend in the patient’s pulmonary status. Reduced Pao,, increased alve-
olar-arterial oxygen gradient (P[A-a]o,), or reduced ratio of Pao, to fraction of inspired
oxygen (F10,) are the most practical and sensitive signs of respiratory impairment during
left heart failure. These changes indicate the magnitude of VQ mismatching and diffusion
defects that occur as a result of pulmonary engorgement and edema. Respiratory alkalosis
occurs frequently in the early period of failure and often continues until the patient is no
longer able to compensate. With the onset of severe left ventricular failure and frank pul-
monary edema, ventilatory failure is likely, and a combination of severe hypoxemia, car-
bon dioxide retention, and respiratory acidosis occurs. A mixed respiratory and metabolic
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acidosis is not uncommon in severe failure as the result of anaerobic metabolism caused by
poor perfusion and hypoventilation.

Laboratory Studies

Routine laboratory studies are seldom useful in establishing heart failure as the cause of a
patient’s complaints, but some tests are useful. With chronic cor pulmonale, the hemat-
ocrit (Hct), hemoglobin (Hb) concentration, and erythrocyte count are frequently elevated
10% to 25% above normal values as the result of compensation for chronic hypoxia.
Hyponatremia and hypokalemia are often seen in patients with CHF as a result of exces-
sive fluid retention or diuretic therapy. In right ventricular failure with excessive liver
engorgement, the bilirubin and liver enzymes (e.g., aspartate aminotransferase [AST])
may be elevated.'®

An elevated atrial naturetic peptide (ANP) level is strongly associated with left
ventricular failure. A finding of levels greater than 54 pmol/liter is highly sensitive and spe-
cific in detecting individuals with asymptomatic heart failure.® A bedside test of the
plasma natriuretic peptide (BNP) can distinguish heart failure-related dyspnea from that
caused by lung disease. A BNP value of >100 pg/mL has a sensitivity of 90%, specificity
of 74%, and predictive accuracy of 81% in diagnosing dyspnea caused by heart failure.?

Hemodynamic Monitoring

Pulmonary artery catheterization can be used to evaluate the degree of pulmonary hyper-
tension and the cardiac output. It has been use to guide therapy in patients with severe
heart failure.?® Table 8.4 lists the combinations of physical findings and hemodynamic
data that predict the severity of heart failure and patient outcome after a myocardial
infarction (MI). The echocardiogram, Doppler flow, and radionuclide studies are useful in
establishing the anatomic changes in heart structure and motion typically found in failure.
Often the findings include dilated end-diastolic ventricular dimensions, hypertrophic
myocardial changes, valvular dysfunction, and reduced ventricular motion and ejection
fraction.

The combination of physical assessment, chest radiography, ABG analysis, ECG,
and hemodynamic monitoring forms the core of early detection and management.

Table 8.4 Hemodynamic and Physical Finding Subsets After Heart Failure
from Acute Myocardial Infarction (125)

PAWP Cardiac Index

Subset (mm Hg) (liters/minute/m?) Mortality (%)

I. No pulmonary congestion and no =18 >2.2 3
peripheral hypoperfusion

II. Pulmonary congestion and no >18 >2.2 9
peripheral hypoperfusion

I1l. Peripheral hypoperfusion and no =18 =22 23
pulmonary congestion

IV. Pulmonary congestion and
peripheral hypoperfusion >18 =22 51

PAWP = pulmonary artery wedge pressure
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TREATMENT

Therapy for heart failure is based upon the cause of failure, its severity, and the secondary
complications. Therefore, treatment focuses on eliminating the cause of failure, reducing
cardiac workload, and supporting the function of other organs.

Reduction of Cardiac Workload

Cardiac function can be improved by reducing myocardial workload and enhancing con-
tractility. The most effective approach to reducing cardiac work is reduction of afterload.
This can be achieved with lifestyle changes and medications. Lifestyle changes that reduce
cardiac work include engaging in appropriate physical
activity, reducing emotional stress, losing weight (if
patient is overweight), and eating a low-salt diet. Bed
rest and sedation with appropriate drugs (e.g., mor-
phine, midazolam [Versed]) may be necessary to
reduce anxiety and agitation, which cause cardiac stim-
ulation. Afterload reduction can be induced with
direct-acting vasodilators (e.g., nitroglycerin, nitro-
prusside, isosorbide, hydralazine, minoxidil). Decreasing the vasoconstrictive effects of nor-
epinephrine with an alpha-adrenergic receptor-blocking agent (e.g., prazosin, trimazosin) is
also useful to achieve indirect vasodilation. Vasodilation and afterload reduction occur with
the suppression of angiotensin Il production. Angiotensin Il is a powerful vasoconstrictive
hormone produced from angiotensin | by angiotensin-converting enzyme (ACE). Use of an
ACE inhibitor (e.g., captopril) results in generalized vasodilation and reduced blood pres-
sure. Another approach to vasodilation and afterload reduction is the use of calcium channel
blockers (e.g., verapamil, nifedipine). Calcium channel blockers inhibit the action of vaso-
constrictive mechanisms and are also useful in controlling tachydysrhythmias.

Despite drug therapy, the mortality rate for patients with severe heart failure and
cardiogenic shock ranges from 80% to 90% or higher. This has emphasized the need for
other ways of reducing cardiac work and improving the basic problem of poor blood flow.
Circulatory assistance devices provide a mechanical approach to improving blood flow and
reducing cardiac work. Such devices include the intra-aortic balloon pump, ventricular
assist devices, and a total artificial heart. These devices can correct the acute problem of
poor blood flow and give the patient time to respond to drug therapy or survive long enough
for a heart transplant.

Pharmacological treatment
of heart failure focuses on
decreasing afterload,
increasing contractility, and
decreasing fluid overload.

Improvement of Cardiac Pump Performance

Inotropes (e.g., digitalis, dopamine, dobutamine, amrinone) are used to improve ventricu-
lar function by increasing contractility. This action, improves cardiac output and reduces
congestion. Digitalis remains the most frequently prescribed inotropic agent for heart fail-
ure and is the drug of choice. Patients with chronic heart failure owing to systolic dysfunc-
tion are the most responsive. Digitalis intoxication can occur. The classic signs and symp-
toms include nausea, vomiting, insomnia, altered color vision, and irregular cardiac rhythm
(e.g., frequent premature ventricular contractions).

Myocardial contraction is a highly aerobic process that requires an ample and sta-
ble supply of oxygen. Frequently the patient with heart failure has a compromised coronary
circulation. This defect may be the primary trigger for failure or will limit the ability of the
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heart to compensate, or both. Supplemental oxygen is frequently employed to improve oxy-
gen delivery to the myocardium.

Prevention of Dysrhythmia

Cardiac dysrhythmias can cause or exacerbate heart failure. The use of antidysrhythmic
drugs to control bradycardia (e.g., atropine) and tachycardia (e.g., procainamide, metopro-
lol, bretylium) is frequently necessary.

Control of Sodium and Fluid Retention

Sodium and water retention can be improved with bed rest, which induces a natural diure-
sis by the kidneys. Upright positions decrease sodium and water excretion and should be
restricted until fluid and electrolyte balance is more acceptable. Dietary restriction of
sodium and water and diuretics are useful in controlling water retention.

High-dose diuretic therapy is usually started at the beginning of severe CHF and
then tapered off as the patient responds. The endpoint of diuretic therapy is frequently the
fluid volume status that gives maximal cardiac output without causing pulmonary conges-
tion. This usually results in a targeted PAWP (preload pressure) of 15 to 18 mm Hg. It fre-
quently takes as long as 24 hours after the optimal preload pressure is achieved for the
inspiratory crackles and radiographic signs of pulmonary edema to disappear. Careful use
of these agents is necessary to avoid overdiuresis, which could lead to electrolyte imbal-
ance and rebound hypotension. Careful fluid replacement and potassium therapy is almost
always necessary to avoid hypokalemia and fluid imbalance.

Prevention of Thromboembolism

Patients in heart failure are at high risk for clotting disorders and development of emboli. The
potential for devastating systemic or pulmonary embolization necessitates the use of prophy-
lactic anticoagulants (e.g., heparin). Long-term anticoagulant therapy reduces the risk of
embolization by reducing the viscosity of blood, which reduces the myocardial workload.

In cases of severe CHF, patients require most, if not all, of the above measures.
The actions of these agents can be seen in Figure 8.2, which shows a family of Frank-
Starling cardiac output and left ventricular filling pressure (preload) curves. The diuretics
reduce preload and venous congestion but do not directly improve cardiac output. Vasodilators
reduce afterload and improve cardiac output. Inotropic agents improve contractility and
reduce preload when used with vasodilators. This results in improved cardiac performance
and reduced venous congestion.

Surgical treatment of heart failure is directed toward specific repair of the cause.
This includes valvular repair or replacement and coronary artery bypass grafting for coro-
nary artery disease. For younger patients with refractory myopathy, cardiac transplantation
offers the best hope for long-term treatment of severe CHF.

Respiratory Care for Cardiogenic Pulmonary Edema

Initial treatment with high levels of oxygen is necessary to improve arterial oxygenation,
which will improve cardiac function. Unless contraindicated, patients should initially receive
100% oxygen by face mask to return arterial oxygenation saturation levels above 90%. A non-
rebreathing mask with adequate flow may also be used if a high-flow system is not available.
High-flow continuous positive airway pressure via mask (mask CPAP) can be use-
ful in treating the heart failure patient with significant pulmonary edema and dyspnea. It
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FIGURE 8.2 Frank-Starling left ventricular function curves relating preload pressure (left ventric-
ular end-diastolic pressure [LVEDP] or pulmonary artery wedge pressure [PAWP] and stroke volume
or cardiac output. Curves showing normal and various degrees of dysfunction (dysf) are shown.
Diuretics (D) are shown to reduce preload and venous congestion without acutely improving cardiac
output. Inotropic drugs (1) or vasodilators (VD) and especially the combination of these two (VD + 1)
shift heart function toward better cardiac output with reduced preload.'®

can result in rapid improvement in oxygenation and reductions in respiratory and heart rate.
Although hypoventilation and subsequent hypercapnia are potential contraindications to
the use of mask CPAP, they have not detracted from its
effective use in treating hypoxemia induced by heart
failure. The suggested mechanism behind the effec-
tiveness of mask CPAP in this setting is improved lung
compliance, reduced work of breathing, improved gas
exchange, and reduced vascular congestion. Mask
CPAP should be used with a nasogastric tube in place.
It should be avoided if the patient is at high risk for vomiting or has severe respiratory aci-
dosis (pH less than 7.20).

If patients on CPAP develop progressive respiratory acidosis, bilevel noninvasive
positive pressure ventilation (BiPAP) should be considered. Greater control over the inspi-
ratory and expiratory cycles is available and may prolong the time before invasive mechan-
ical ventilation in necessary. Both CPAP and BiPAP have been shown to be effective in
treating heart failure and the associated Cheyne Stokes respirations.*’-%2

Intubation and ventilatory support are necessary when a patient exhibits a grave
clinical picture of poor respiratory function (e.g., cyanosis and periodic breathing pat-
tern) or evidence of severe respiratory failure (pH less than 7.20, Paco, greater than 50,
Pao, less than 50) while receiving oxygen therapy. Typical initial ventilator settings are
assist/control mode, Fio, of 1.0, VT 5 to 10 mL/kg (ideal body weight), respiratory
rate >10 to 15/min, and sensitivity of —2 cm H,0. The addition of positive end-expiratory
pressure (PEEP; 5 to 15 cm H,0) is appropriate if the oxygenation and lung mechanics
remain poor despite ventilatory support with an elevated Fio, (e.g., greater than 50%).

Special attention to airway care is necessary after intubation in patients with
frank pulmonary edema. Edema foam must be cleared rapidly to improve the effectiveness

(Oxygen therapy is the most
important respiratory care
treatment option in heart
failure patients.
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of the oxygen therapy and ventilatory support. In the past, aerosolized ethyl alcohol
(20% to 40%) was used to reduce the pulmonary edema foam, but this has been aban-
doned because of its bronchial irritation and the more direct response to airway suction-
ing and application of high-dose diuretics.

Aerosolized bronchodilators (e.g., albuterol) should be used in patients who have
a component of asthma or bronchitis or both. Iprotropium bromide has been shown to pro-
duce bronchodilation in patients who have chronic CHF.*® Incentive spirometry is also use-
ful during the recovery phase to promote lung expansion and airway clearance.

HISTORY

Mr. P, a 69-year-old Hispanic man, is a retired supervisor at a building cleaning service.

He has a history of coronary artery disease, dysrhythmia, chronic obstructive pulmonary
disease (COPD), and a recent episode of pneumonia and a small anterior wall MI, which
required a 1-month hospitalization at the local county hospital. He was discharged 3 days
ago with an extensive assortment of medications to control his cardiac, renal, and pul-
monary function. While at home he experienced a coughing spell that led to increasing
shortness of breath and mild substernal pressure. He became increasingly anxious and
requested that the paramedics be called and that he be taken to the hospital immediately
because he could not “catch his breath” and that his "heart would not slow down.” He was
brought to the hospital and treated with oxygen via face mask at 9 liters/min.

QUESTIONS

ANSWERS

1. What signs and symptoms
should you evaluate immedi-
ately upon Mr. P's arrival?

2. What diagnostic techniques
could you use to help determine
the cause of Mr. P's shortness of
breath?

3. What therapeutic techniques
should be readily available upon
Mr. P's arrival?

You should evaluate level of consciousness, signs of
delirium, signs of a patent airway, spontaneous
breathing and chest motion, quality of breath
sounds and their symmetry, pulse rate, blood pres-
sure, and temperature. You should also look for
symptoms of respiratory distress, shock, and mental
impairment. You should carefully monitor the effect
of the administered oxygen on his COPD status.

You could evaluate the severity and origin of his
shortness of breath by taking a rapid history to
determine the triggering factors that led to the
sudden exacerbation. After you perform a careful
and rapid physical evaluation followed by appropri-
ate laboratory studies, you should sort out the
source of the dyspnea (pulmonary versus cardiac).

Oxygen therapy (via non-rebreathing mask,
high-flow/high Fio, device), intubation equipment,
manual resuscitation bag with proper mask, oxygen
reservoir, venous and arterial line placement
equipment, various fluids for vascular support,
appropriate resuscitation drugs, and medications
for pain and agitation should be readily available.
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“ﬁ More on Mr. P

PHYSICAL EXAMINATION

e General: An obese, elderly male with an approximate weight of 115 kg (250 Ibs) who is
alert and in obvious respiratory distress while sitting up despite oxygen therapy via face
mask at 9 liters/min; spouse states, and patient confirms, history of moderate smoking for
20 years and cessation 10 years ago; history of Ml 10 years ago, multiple hernia opera-
tions 10 years ago, chronic lung disease; recently hospitalized for pneumonia and heart
disease; indicates compliance with medications and low-salt, low-fat diet

e Vital Signs. Temperature 37.5°C (99.5°F); respiratory rate 31/min, blood pressure 100/70
mm Hg; heart rate 160/min, nail bed refill 5 seconds

HEENT. Pupils equal and reactive to light; some nasal flaring; normal oral structures

Neck. Trachea in midline; no signs of inspiratory stridor or laryngeal abnormality; carotid
pulses ++ bilaterally without bruit; no signs of lymphadenopathy or thyroidomegaly;
noticeable jugular venous distention; some tensing of sternocleidomastoid and scalene
muscles during inspiration

Chest. Normal chest configuration; no scars; some diminished motion noted; bilateral
inspiratory crackles from bases midway up chest, with some scattered expiratory wheezes

® Heart. Heart tones diminished; point of maximal impulse not palpable; no murmurs, rub,
or gallop

e Abdomen. Obese and soft; no hepatomegaly; bowel sounds not heard clearly
® Extremities. Moving all extremities; +2 pulses felt throughout; 2+ pitting edema in

both ankles; no clubbing; skin cool and clammy with some digital cyanosis

QUESTIONS ANSWERS

4. What are the possible causes of M. P's respiratory distress may be caused by pul-
Mr. P's respiratory distress? monary edema owing to left ventricular failure, exac-
erbation of his COPD, MI, or pulmonary infection.

5. What signs and symptoms His signs and symptoms of heart failure include
indicate heart failure? rapid onset of dyspnea, anxiety, disproportionate
tachycardia and relatively low blood pressure,
inspiratory crackles in the dependent lung regions,
jugular venous distention, cool, diaphoretic skin and
poor peripheral circulation, and ankle edema.

6. How will left ventricular failure  Left ventricular failure can induce pulmonary hyper-
influence respiratory function? tension, increased lung water, increased airway resist-
ance, alveolar edema, increased work of breathing,
decreasing pulmonary compliance, V/O mismatching,
diffusion defect, hypoxemia, and ventilatory failure.
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7. What diagnostic techniques For further evaluation of his cardiorespiratory dis-
should you use to further evalu-  tress, ABGs, chest radiograph, and a 12-lead ECG
ate Mr. P's cardiorespiratory with subsequent ECG monitoring are needed imme-
distress? diately. Continuous noninvasive monitoring of his

oxyhemoglobin saturation and blood pressure will
further help guide his cardiopulmonary care.
Laboratory assessment of the complete blood count,
electrolytes, and standard blood chemistry are indi-
cated. Assessment of his cardiac enzymes (creati-
nine kinase [CK]) and digitalis levels would help rule
out an Ml and help guide digitalis therapy.

‘.@ More on Mr. P
"\

Box 8.2 Bedside and Laboratory Evaluations

ECG: Supraventricular tachycardia of 158/min, normal axis, first-degree atrioventricular (AV)
block, and left bundle branch block
Chest Radiograph (see Fig. 8.3)

FIGURE 8.3 Portable AP chest radiograph taken at admission in the emergency department.

(box continued on page 181)
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pH
Paco,
Pao,
HCO;~

Hematology
Measure

Het

Hb

RBC

White blood cell (WBC) count
Platelets
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Value

7.24

517 mm Hg

44 mm Hg

22 mEqg/liter while breathing oxygen via face
mask at 9 liters/min

Value

450

15 g/dL

5.2 X 108/mm3
15.2 X 10°
262 X 10°

Chemistry: Results pending

QUESTIONS

ANSWERS

8. What does the ECG indicate?

9. What does the chest radiograph
indicate?

10. How would you interpret the
ABG data?

The ECG indicates severe tachycardia as well as other
cardiac conduction disturbances. This rate is out of
proportion with the resulting blood pressure and is
probably contributing to or causing acute CHF.

The chest radiograph reveals cardiomegaly, bilateral
pulmonary vascular engorgement, interstitial and
alveolar edema, and atelectasis bilaterally; some
Kerley's B lines in both bases; and no signs of pleu-
ral effusion or hemopneumothorax. The trachea is
seen in the midline. Some scoliosis is seen in the
cervical and thoracic vertebral column, but the rib
cage looks normal. No mediastinal masses are
noted.

The ABG shows severe hypoxemia owing to one or
more of the following: hypoventilation, diffusion
defect, shunting, and V/Q mismatching.
Hypoventilation, despite significant tachypnea,
indicates a ventilatory decompensation that is
producing uncompensated respiratory acidosis.
Considering this patient's history of COPD, you
should consider applying an alternate acid-base
classification: an acute-on-chronic respiratory
acidosis accompanying a loss of accumulated base
owing to a metabolic acidosis; however, no other
data presented support such a classification. These
findings are consistent with severe cardiogenic
pulmonary edema.
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11. What do the hematological data  The hematological data are relatively normal with
indicate? the exception of the slight-to-moderate elevation
of the WBC count, which may be caused by an
infection or induced by stress.

12. What respiratory care is The oxygen therapy currently in use is inadequate
indicated at this time? to support oxygenation. Although the patient has

significant hypoxemia and moderate ventilatory
failure, intubation and ventilatory support is not
indicated at this time because of the strength of
the respiratory efforts and the lucid state of the
patient. BiPAP or mask CPAP may be attempted to
improve ventilatory mechanics and improve oxy-
genation. If the patient's clinical status or the ABGs
were to deteriorate, intubation and mechanical
ventilatory support would be necessary. Aerosolized
bronchodilator therapy (e.g., albuterol, ipratropium
bromide) should be continued to optimize airway
resistance, given the clinical findings of wheezes
and the history of COPD.

13. What cardiac care is indicated Supraventricular tachycardia of this magnitude is a
at this time? dangerous condition requiring immediate treatment

and continuous ECG and blood pressure monitoring.
IV lines should be placed in case it becomes neces-
sary to give resuscitative drugs. Drug therapy (e.g.,
verapamil) should be administered to induce rapid
reduction of the heart rate. If this is unsuccessful,
electrocardioversion should be attempted. Fluid
retention should be relieved with high-dose diuret-
ics (e.g., furosemide). Reduction of afterload and
improvement of myocardial contractility should be
carried out carefully with vasodilators (e.g.,
hydralazine, captopril) and inotropic agents (e.g.,
digitalis).

“"5{\ More on Mr. P

In the emergency department, continuous ECG and pulse oximetry are started, two periph-
eral IV lines are placed, and oxygen therapy is switched to a non-rebreathing mask supplied
with oxygen at a rate of 18 liters/min. Two cardioversion attempts are made (100 watt-sec
followed by 150 watt-sec), but both are unsuccessful. A single dose of slowly administered
verapamil is given with a prompt decline in heart rate to 130/min. Furosemide, isosorbide,
captopril, digitalis, morphine sulfate, and erythromycin are started. Mr. P is transferred to
the coronary care unit (CCU) with the diagnosis of heart failure secondary to one or more
of the following: supraventricular tachycardia, possible MI, possible dietary indiscretion,
possible noncompliance in taking his medication, and possible underlying pulmonary
infection. Upon admission to the unit, an arterial line is placed and continuous ECG and
pulse oximetry monitoring are continued.



Copyright © 2007 by F. A. Davis.

Treatment 183

BEDSIDE FINDINGS

Mr. P is alert, sitting up in bed, in obvious respiratory distress despite receiving high-
concentration oxygen via non-rebreathing mask, and somewhat anxious. Occasionally he
coughs up thick, brown sputum. He stated, “I'm afraid to be taken off the oxygen." He is
being given a combination of 500 mcg of ipratropium bromide and 2.5 mg of aerosolized
albuterol diluted in 3 mL of saline every 2 hours, and he indicates that these treatments
help reduce his dyspnea.

Box 8.3 Laboratory Evaluation

Vital Signs, Hemodynamics, and Urine Output

Measure Value
Rectal temperature 37.2°(99.0 F)
Respiratory rate 33/min
Heart rate 132/min
Systemic arterial blood pressure 143/97 mm Hg
Sp0, 81%
Breath sounds Bilateral inspiratory crackles
expiratoy wheezes
Urine output 500 mL over the past hour since hospital

admission and furosemide administration
ECG Findings
Sinus tachycardia of 130/minute, first-degree AV block, and left bundle branch block

ABG Value

pH 7.26

Paco, 51 mm Hg

Pao, 49 mm Hg
HCO,~ 24 mEq/liter

P(a - a)o, 660 mm Hg
Pao,/Fio, 49 (assumes Fio, 1.0)
Sa0, 79% (calculated)
Electrolytes and Chemistry

Measure Value

Na* 137 mEq/liter
K* 3.7 mEq/liter
Ca™™" (ionized) 8.2 mg/dL

ClI- 101 mEq/liter
Glucose 239 mg/dL
Blood urea nitrogen 13 mg/dL
Creatinine 1.3 mg/dL

Cardiac Enzymes: Pending
Microbiology: Sputum smear and cultures pending
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QUESTIONS

ANSWERS

14. What do the bedside findings
and vital signs indicate about
Mr. P's response to treatment?

15. What do the laboratory findings
indicate about Mr. P's status?

16. What changes, if any, in Mr. P's
respiratory care would you
recommend?

“Q More on Mr. P
'\

Mr. P's bedside findings indicate that his heart rate,
blood pressure, and urine output have responded,
but that his respiratory status has not improved.

The ECG changes are very encouraging, and Mr. P's
chemistry panel is acceptable; however, the ABG
and acid-base balance indicate severe hypoxemia
despite very high concentrations of oxygen and
continued hypoventilation with respiratory acidosis
in the face of significant tachypnea.

Mr. P is now a candidate for a mask-CPAP trial or
BiPAP. Clinicians who take a more aggressive
approach may consider mechanical ventilation.
Continuation of aerosolized bronchodilators to help
reduce his work of breathing is appropriate. Leaving
him in a state of significant dyspnea and in respira-
tory failure while waiting for the diuresis to reduce
the pulmonary edema borders on cruelty.

Following assessment of Mr. P's condition, he is placed on a continuous high-flow mask-CPAP
system, and a nasogastric tube set to suction is inserted. The initial settings are as follows:
flow = 60 liters/min, Fio, = 1.0, and CPAP = 5 cm H,0. Initially Mr. P. is apprehensive but
becomes less dyspneic and his respiratory rate decreases to 28/min, heart rate decreases to
103/min, blood pressure remains stable at 140/96, and Sp0, increases to 89% after 30 minutes
of CPAP and continued diuresis. CPAP is increased to 7.5 cm H,0 to achieve further improve-
ment in gas exchange and respiratory mechanics and to attempt reduction of his Fio,. After
another 30 minutes of treatment, the following observations and data were collected.

Box 8.4 Bedside Findings

Measure

Temperature

Respiratory rate

Heart rate

Systemic arterial blood pressure
Sp0,

Mr. P is sitting up in bed, wearing a clear plastic CPAP mask. He is alert, communicative, and
appears more comfortable with less dyspnea. He continues to use his accessory muscles with
some thoracoabdominal asynchrony. The Fio, is reduced to 0.80 with orders to keep his SpO,
greater than 92%. Chest auscultation reveals improved aeration throughout the lower lung
zones with scattered inspiratory crackles and occasional expiratory wheezes and rhonchi.

Vital Signs and Laboratory Evaluation
Value

37.3°C (99.1°F)

23/min

98/min

138/98 mm Hg

96%

Urine output total of 1.9 liters over the past 4 hours since admission

ECG Findings: sinus tachycardia, first-degree AV block, and left bundle branch block
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ABGs (Fio, = 0.80)
Measure

pH

Paco,
Pao,
HCO,~
P(a - a)o,
Pao,/Fio,
Sao,
Sp0,

Value

7.39

50 mm Hg

96 mm Hg

30 mEq/liter

465 mm Hg

120

97% (calculated)

= 96% (pulse oximeter)

QUESTIONS

ANSWERS

17. How would you interpret Mr. P's
bedside findings and vital signs?

18. What do the ABGs indicate?

19. What respiratory care would you
recommend at this time?

Mr. P's bedside findings and vital signs indicate
mild-to-moderate respiratory distress, reduced work
of breathing, enhanced oxygenation, an improving
cardiovascular response, and a continued brisk
diuresis.

ABGs reveal improving oxygenation, although his
Fio, requirement remains elevated with a declining
P(a - a)o,. Hypoventilation and a compensated
respiratory acidosis persist, which are common in
patients with a history of COPD.

Mr. P continues to respond well to the mask CPAP,
diuretic, vasodilators, and inotropic therapy. His
treatment is on the right course and should allow
continued reduction of the Fio, by 10% increments
until 40% is reached. If his respiratory and cardio-
vascular status are stable or improving at that point
for 1 hour or more and the tachypnea decreases to
less than 22/min, the CPAP levels can be reduced to
5 and then 0 cm H,0. He could then be placed on
oxygen therapy via nasal cannula. Continued car-
diopulmonary monitoring remains necessary.
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Mr. P's respiratory status continues to improve over the next 8 hours as the Fio, is gradually
reduced to 0.40. His respiratory rate remains less than 20/min, heart rate is in the 85 to
95/min range, blood pressure drops to 125/75 mm Hg, and Spo, is maintained at greater
than 95%. Breath sounds reveal better aeration with scattered expiratory wheezing. A chest
radiograph (Fig. 8.4) at this time shows almost complete interval clearing with some scat-
tered atelectasis in the right perihilar region and basal zones of the right and left lungs.
Heart size is reduced, and all other anatomic structures appear to be unchanged. Digitalis
levels are found to be in the therapeutic range. The ABG results are as follows: pH = 7.37,
Paco, = 49 mm Hg, Pao, = 105 mm Hg, and HCO,~ = 29 mEq/liter. The CPAP level is grad-
ually reduced to 0 cm H,0 over the next hour. Mr. P tolerates this change and exhibits no
noticeable changes in clinical state or pulse oximetry. He is placed on a nasal cannula at

4 liters/min, which is later reduced to 2 liters/min. Cardiac enzyme levels (CK and lactate
dehydrogenase) are found to be in the high-normal range, suggesting that he did not have
an MI. Therapy with diuretics, vasodilators, inotropic agents, aerosolized bronchodilators,
and oxygen are continued upon Mr. P's transfer to the post-CCU, and he begins to ambu-
late. He is discharged 2 days later in stable condition with an assortment of medications to
support him at home. |

FIGURE 8.4 Portable AP chest radiograph taken 12 hours after admission to the hospital.
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F3 ooms

« Heart failure occurs when the heart is unable to pump adequate amounts of blood to
the lungs and the peripheral tissues.

 Congestive heart failure results in fluid accumulating in the lungs (pulmonary
edema) and dependent extremities (peripheral edema).

« Cor pulmonale describes right heart enlargement and failure as a result of pulmonary
disease.

 The two most common causes of heart failure are hypertension and coronary artery
disease.

 To compensate for heart failure the heart will attempt to increase rate, contractility,
and ventricular muscle thickness.

» When the right heart fails, fluid backs up in the venous and capillary circulation,
leading to peripheral edema and hypertension.

« Left heart failure produces pulmonary engorgement, flooding of the alveoli, and pul-
monary hypertension.

e Edema occurs when the lymphatic system cannot drain the interstitial space of the
accumulated fluid.

« Clinical presentation of heart failure includes dyspnea, cough, decreased sensorium,
abnormal breath sounds, and tachycardia.

« Sleep disordered breathing is common in heart failure patients.

« Breath sounds heard include inspiratory crackles and wheezes.

* Chest radiography in left heart failure shows cardiomegaly and Kerley’s A and
B lines.

« Right heart failure on chest radiographs presents as enlarged systemic veins and
right-sided chambers and pulmonary hypovolemia.

» ABGs show an all-round decrease in oxygenation levels in left heart failure.

« Laboratory values are not usually significant except in cor pulmonale, where the
hematocrit, hemoglobin concentration, and erythrocyte count are frequently elevated
10% to 25% above normal.

A combination of a thorough history, physical assessment, chest radiography, ECG,
and hemodynamic monitoring forms the core of early detection and management.

* Treatment focuses on eliminating the cause of failure, reducing cardiac workload,
and supporting the function of other organs.

« Patients with heart failure are at high risk for developing systemic and pulmonary
emboli. Prophylactic anticoagulants are used to minimize these risks.

e Initial treatment with high levels of oxygen is necessary to improve arterial oxy-
genation, which will improve cardiac function.

« High-flow continuous positive airway pressure via mask (mask CPAP) and BiPAP
are two additional therapies that can be used if supplemental oxygen delivery by
itself is not sufficient.

* Intubation and ventilatory support are needed if the patient’s respiratory failure is not
reversed with less invasive techniques.

« Aerosolized bronchodilators (e.g., albuterol) should be used in patients who have a
compounding component of asthma, bronchitis, or both.
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Smoke Inhalation
Injury and Burns

George H. Hicks, MS, RRT
Carl A. Eckrode, MPH, RRT

CHAPTER OBJECTIVES:

After reading this chapter you will be able to state or identify the following:

® The factors that influence the mortality rate from burn injury.

B The toxic nature of smoke inhalation and the fire environment.

B The pulmonary and systemic changes that occur following smoke inhalation and
burn injury.

The effects of smoke inhalation injury on the upper and lower airways.

The diagnosis of smoke inhalation injury and CO poisoning.

The methods used to determine the type and extent of burn injury.

The emergent treatment for smoke inhalation injury and CO poisoning.

The airway and ventilatory support strategies for smoke inhalation and burn injury.
The fluid, antibiotic, surgical, and nutritional support used in the treatment of burn
injuries.

INTRODUCTION

The catastrophic loss of 491 people in the Coconut Grove nightclub fire in 1942 and other
significant fires stimulated the need for a better understanding of burn and smoke inhala-
tion injury, their treatment, and fire prevention in general. Despite advanced understanding
and remarkable improvements in treatment and prevention, fire continues to be a major
source of injury, death, and economic loss in this country. In 2003, fire departments
responded to 1.6 million fires, 470,000 people were injured, 45,000 people were hospital-
ized, 4,000 people died, and there was over $14.3 billion in property damage and burn-
related medical care. Burns rank as the third most common cause of serious injury and
death for all ages and races and both sexes. Residential fires are the most common setting
for burn-related injuries and the site of 80% of the deaths on scene.! The overall mortality
rate has steadily declined for the past 50 years and is currently about 5% to 10% for those
with burns that require hospitalization.>*® With increasing total body-surface area (TBSA)
burns and age, the mortality rates increase (Fig. 9.1). Women between the ages of 30 and
59 appear to have a twofold higher risk of mortality when compared to men of the same
age.* Currently, the victim of fire-related injuries who has an 80% TBSA burn and is treated
in a burn center has a 50% chance of survival.



Copyright © 2007 by F. A. Davis.

190

Chapter 9 Smoke Inhalation Injury and Burns

>75

100 —

80 —

60 —

40 —

% mortality

20 —

I I I I I
0 20 40 60 80 100

% body surface area burned

FIGURE 9.1 The distribution of mortality in burn victims for different age groups
and size of burn. (Adapted from data presented in Tompkins, RG, et al: Prompt eschar
excision: a treatment system contributing to reduced burn mortality: a statistical
evaluation of burn care at Massachusetts General Hospital (1974-1984). Ann Surg
204:272, 1986).

Asphyxiation, systemic poisoning, and respiratory tract injury from smoke inhalation
cause 50% to 90% of deaths in victims at the scene of a fire or shortly afterward.”® The
prevalence of smoke inhalation injury among burn
victims admitted to burn centers ranges from 10%
to 35%.4% The mortality rate among burn victims
with significant smoke inhalation injury is much
higher. The mortality rate for a large burn (>40%
TBSA) is reported at 3%. This climbs to 27% when
combined with inhalation injury and it increases to
95% in those with large burns and smoke inhalation
injury and for those who are more than 60 years old
(Fig. 9.2).°

Burn injuries are highly complex. They are not confined to the integumentary
and respiratory systems. Although it is convenient to categorize post-burn injuries into
various periods or phases, in reality they often present in an overlapping pattern.
Pulmonary complications are frequently found in the burn victim and are found in vari-
ous time frames after the burn.'-*2 The early or resuscitative phase (first 24 hours) is usu-
ally associated with respiratory complications arising from inhalation of toxic or hot
gases, fluid loss, and heavy sedation. In the intermediate, or post-resuscitative, phase
(2 to 7 days), analgesic-related respiratory dysfunction, secretion retention, airway
obstruction, atelectasis, acute respiratory distress syndrome (ARDS), and hypermeta-
bolic-induced ventilatory failure can all occur or in varying combinations. During the
late phase (beyond 7 days), infectious pneumonia, sepsis syndrome, multiple organ dys-
function, pulmonary embolism, and chronic pulmonary disease are the more frequent
types of respiratory dysfunction.

The pulmonary problems listed above, coupled with the other pathophysiological
changes, make the burn victim one of the most challenging patients to care for. These prob-
lems are complex but predictable. This allows a more successful approach through the prin-
ciples of support and prevention. This chapter focuses on the pulmonary changes and
required treatment for smoke inhalation and burn injuries.

T 'he overall mortality rate
for a 65-year-old person
who has a 20% TBSA burn
and significant smoke
inhalation injury is
approximately 40%.
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FIGURE 9.2 The distribution of mortality when burn size, presence of inhalation injury, and age are
considered. BSB, body surface area burn. (Adapted from data presented in Ryan, CM, et al: Objective
estimates of the probability of death from burn injuries. N Engl J Med 338:362, 1998.)

ETIOLOGY

Burn injuries can be caused by exposure to fire, superheated gases, scalding liquids,
chemicals, and electrical currents (e.g., lightening or high-voltage conductors). Most
injuries occur in residential fires. Analysis of the fire environment reveals highly complex
and variable conditions. Heat production, and the chemical and physical nature of the
smoke produced in a fire, must be taken into account. The factors that make the fire envi-
ronment complex include the types and amounts of fuels being burned, the availability of
fresh air, and the proximity of the victim to the heat and combustion by-products. The
nature and extent of injuries can be calculated as the product of exposure to heat and
smoke over time.

Air temperatures can rapidly climb to 1000°F in less than 10 minutes in a
fuel-rich environment such as a home, office, or vehicle. As the heat builds, sponta-
neous combustion of other fuel sources (e.g., carpet, furniture, wall coverings, appli-
ances, flammable liquids and gases) can occur, developing dense smoke and provid-
ing conditions ideal for a flash over. Flash over is usually seen as a wall of fire
extending down from the ceiling and billowing out
of openings in doorways or windows. Industrial or
shipboard fires can produce much higher tempera-
tures, as well as steam. Steam has a significantly
higher heat energy content than dry gases at the same
temperature and can scald greater areas of skin and
cause a deeper respiratory tract thermal injury if inhaled. Scalding of the skin is more
common in the very young and elderly when the temperature of bath water is misjudged
and excessive.

The burning of various fuels found in modern residential, office, and industrial
settings produces a large number of combustion products.*'* Some of the more common

The heat content of steam is
540 times as much as that
of dry air.
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Table 9.1 Toxic Gases Found in House Fire Smoke

Substance Source Effect
Ammonia Melamine resins Inflammation
Aldehydes (acrolein, Wood, cotton, paper Inflammation

acetaldehyde,

formaldehyde)
Benzene
Carbon dioxide
Carbon monoxide
Hydrogen chloride
Hydrogen cyanide
Isocyanate

Organic acids (acetic

Petroleum products
Organic materials
Organic materials
Polyvinyl chloride
Polyurethanes
Polyurethanes

Wood, cotton, paper

Irritation and coma
Asphyxiation and coma
Asphyxiation and coma
Inflammation
Cellular asphyxia
Inflammation and
bronchospasm
Inflammation

and formic acid)
Oxides of nitrogen and sulfur Nitrocellulose film Pulmonary edema
Phosgene Polyvinyl chloride Inflammation

toxic chemicals produced are listed in Table 9.1. A variety of aldehydes (e.g., acrolein),
organic acids (e.g., acetic acid), and products of oxidation (e.g., SO,, NO,) are all potent
respiratory tract irritants. They are produced from burning wood, cotton, paper, and many
plastics. As the fire continues, carbon dioxide is produced and can increase beyond 5%,
while the oxygen concentration can drop below 10%.® With the decreased oxygen avail-
ability, incomplete combustion results in the production of carbon monoxide (CO) and
hydrogen cyanide (HCN)."*-*® When plastics (e.g., polyvinyl chloride) are burned, they
can produce hundreds of toxic chemicals, including hydrogen chloride, phosgene, chlo-
rine, perfluoroisobutylene, and CO.*™**" The burning of polyurethane-rich materials, such
as nylon and various types of upholsteries, can produce isocyanates and hydrogen
cyanide (HCN).131

Smoke is composed of both gas molecules and soot particles. Soot particles are
produced with various diameters, including those in the 0.1 to 10 pm range that can pene-
trate into and be deposited all along the respiratory tract and cause injury.**® The soot par-
ticles can behave as vehicles for the transport of various noxious chemicals into the respi-
ratory tract.

The chemical products of combustion can be
divided into two categories: those that produce toxic
effects systemically upon absorption and those that
produce inflammatory changes upon contact with the
mucosa. An additional factor that contributes to the
severity of smoke inhalation injuries is being trapped
in an enclosed space (e.g., closed rooms or vehicles)
and breathing hypoxic gas mixtures that result from the rapid depletion of oxygen during
the fire.

The inhalation of smoke can
result in rapid asphyxiation

and inflammatory changes in
the upper and lower airways.

In summary, the nature and severity of injury is a function of many factors. The
size and depth or degree of the skin burn, the heat and chemical composition of the
gases inhaled, the extent and duration of exposure, and the age and preexisting health
status of the victim are all important factor to assess.
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PATHOPHYSIOLOGY

Early Pulmonary and Systemic Changes:
Within 24 Hours Post-Burn

Exposure to the hypoxic and poisonous environment of a fire can cause rapid and severe
organ dysfunction. The mechanism of this type of dysfunction involves reductions in both
oxygen transport and its utilization, as well as altered tissue metabolism. The tissues of the
central nervous system and myocardium are particularly at risk.

Carbon Monoxide

CO is readily produced in the fire environment, especially if oxygen levels are low and com-
bustion is incomplete. The CO produced is easily absorbed into the blood from the inhaled
gas and is highly toxic.'® It rapidly converts oxyhemoglobin (Hbo,) to carboxyhemoglobin
(Hbco). This conversion is driven by CO’s higher affinity for the ferrous binding sites in
hemoglobin (more than 200 times that of O,). Hbco levels in nonsmokers are normally less
than 3%. In minor smoke inhalation it can increase to 15% and climb to more than 60% in
severe smoke inhalation. Conversion of Hbo, to Hbco compromises oxygen transport, pri-
marily through Hbco’s inability to carry O,. The presence of CO also retards oxygen release
from hemoglobin’s remaining ferrous binding sites by a chemically induced increase in
Hbo, affinity. The hemoglobin conversion and inhibition of oxygen release results in a func-
tional form of anemia that causes reduced oxygen transport and hypoxia despite the pres-
ence of a normal Pao, in the plasma.

CO is also capable of binding to other heme-
containing proteins such as cytochrome oxidase
within mitochondria, myoglobin in skeletal and car-
diac muscle, and guanylyl cyclase that catalyses that
production of cycGMP.X® When CO binds to these
proteins, it disables or modifies their normal func-
tions. CO poisoning of cytochromes in the mitochon-
dria results in reduced ATP synthesis and an anaero-
bic metabolic acidosis, as well as the formation of
highly toxic free radicals of oxygen.? Skeletal muscle and cardiac muscle dysfunction
occur as a result of the inability of myoglobin to store and release sufficient oxygen. This
can rapidly lead to fatigue, dysrhythmias, and possibly heart failure.2X CO binding to
guanylyl cyclase results in the production of excessive levels of intracellular messenger
cycGMP; this disrupts autonomic organ regulation and can cause cerebral vasodilation.??
Rapid loss of consciousness and cerebral edema owing to CO poisoning is also associated
with the production of nitric oxide (NO) and other oxygen free radicals that cause vasodi-
lation and hypoperfusion of the brain.?*?* Some patients appear to recover from CO poi-
soning and then demonstrate personality changes, movement disorders, and cognitive
deficits. Collectively, this is known as delayed neuropsychologic sequelae (DNS). DNS
can occur days to months after significant CO poisoning and is more often associated with
unconsciousness at the time of admission.?® Lethal CO poisoning generally occurs with
Hbco concentrations greater than 50% to 60%.

(CO poisoning can rapidly
lead to fatigue, dysrhythmias,
heart failure, seizure, and
coma. It may also result in
delayed neuropsychological
deficits.

Hydrogen Cyanide

Inhaled hydrogen cyanide (HCN) has also been linked to early and late death in burned
patients.’>?27 HCN is easily transported to the tissues through the circulatory system and
binds to the cytochrome oxidase enzymes of the mitochondria. This also results in inhibition
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of oxidative cellular metabolism and a shift to anaerobic metabolism and elevated lactic
acid production. Fatal exposure to HCN is generally associated with blood levels that
exceed 1 mg/liter and is frequently associated with severe CO poisoning.?’

Other Considerations

The reduced oxygen transport, cellular metabolic dysfunction, release of inflammatory
mediators, and altered vascular changes that rapidly develop following the inhalation of
toxic gases and the thermal injury of the skin can compromise the nervous system, cardio-
vascular, and skeletal muscle functions. These are the primary causes of death during the
immediate period after severe smoke inhalation.

Thermal injury to the respiratory tract is frequently confined to the face, oral and
nasal cavities, pharynx, and trachea.'® The lower respiratory tract is spared because of the
upper airway’s efficient cooling of hot dry gases and reflex laryngospasm and glottic clo-
sure.?®2° Thermal injury to the upper airway results in blistering, edema, accumulation of
thick saliva, and glottic closure in severe cases.® These changes usually develop in the first
8 hours and can lead to partial or total airway obstruction.

Chemical injury to the respiratory tract, brought about by inhalation of toxic gases
and irritant-laden soot particles, extends the injuries further into the lung. This can cause
acute tracheobronchitis, bronchospasm, bronchorrhea, mucosal sloughing, airway obstruc-
tion and, in severe cases, rapid onset of pulmonary edema.®*** After chemical exposure,
the ciliary transport mechanism of the mucosa is often inactivated or destroyed. This can
lead to further mucus retention, alveolar de-recruitment, and regional atelectasis and sets
the stage for respiratory tract infection.

Large skin burns and smoke inhalation injury have been shown to cause the fol-
lowing within minutes to hours post-injury: increased pulmonary and bronchial blood
flow, increased pulmonary vascular pressures, increased systemic and pulmonary capil-
lary permeability, pulmonary and systemic edema, cardiac failure (myocardial depres-
sion), surfactant dysfunction, and increased apoptosis (programmed cell death) of respira-
tory tract cells.®*3 These can result in decreased lung compliance and increased airway
resistance.*® Gas exchange is altered by ventilation-perfusion (V/Q) mismatching and
increased dead space ventilation (Vb/V;).3"*! These changes lead to decreased Pao,, a
decreased Pao,/F10, ratio, and an increase in the necessary minute ventilation to normalize
the Paco,. The initial arterial blood gas (ABG) changes include hypoxemia and respiratory
alkalosis in most cases and mixed respiratory and metabolic acidosis in more severe cases
of asphyxiation. The pulmonary response to burn and smoke inhalation injury are summa-
rized in Table 9.2.

Early systemic changes are associated with the degree of decline in oxygen trans-
port, metabolic derangement, the release of inflammatory mediators, and fluid loss. Organ
dysfunction, induced by hypovolemic and cardiogenic shock, is one of the primary sys-
temic insults in the early period after a major full-thickness burn of the skin. Early hypo-
volemia occurs following massive fluid shifts out of the vascular compartment as a result
of an injured and hyper-permeable microvasculature. This massive fluid shift results in a
generalized edema that peaks within eight to 24 hours and is dependent on the magnitude
of the burn and the adequacy of the fluid resuscitation.

Burned skin also loses its elasticity, becomes

Circumferential burns of the less compliant with the edema formation, and con-
chest can result in reduced tracts. In circumferential burns of the extremities, the
chest wall compliance and tightening skin can further impair circulation and can
increased work of breathing. result in distal limb tissue necrosis. When there are cir-

cumferential burns of the chest and abdomen, it can
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Table 9.2 Pulmonary and Gas Exchange Response to Moderate-to-Severe Burn

and Smoke Inhalation Injury in a Laboratory Animal Model*

Hours Post-Injury

Response 6 12 24 48

Static compliance —25% —30% —40% —60%
Airway resistance +20% +85% +125% +200%
V/Q mismatching +7% +15% +18% +250%
Pao,/Fio, —11% —23% —32% —40%
Oxygen consumption +15% +20% +35% +50%
Dead space ventilation —15% —5% +20% +30%
Paco, —10% —5% —2% +10%
pH 7.35 7.45 7.42 7.38

*Adapted from: Shimazu, T, et al: Ventilation-perfusion alterations after smoke inhalation injury in an ovine model.
J Appl Physiol 81:2250, 1996 and Soejima, K, et al: Pathophysiology and analysis of combined burn and smoke
inhalation injuries in sheep. Am J Physiol Cell Mol Physiol 280:L1233, 2001.

result in reduced chest wall compliance,* which results in an increase in the work of

breathing and may lead to severe ventilatory compromise.

Cardiovascular and hematological instability (Table 9.3) occur from the loss of
fluid volume and the release of various mediators. Fluid loss can exceed 4 mL/kg of body
weight per hour in major burns.**** Cardiac output is frequently decreased as a result of
hypovolemia, the production of myocardial depressant factors (e.g., NO, pro-inflammatory
cytokines, and macrophage migration inhibitory factor), hypoxia, and increased systemic
and pulmonary vascular resistance.***® CO may not play a strong role in the depression of
cardiac function in mild to moderate poisoning.*® Systemic blood pressure may be low to
normal, and heart rate is usually increased.** Older patients may not tolerate massive fluid

Table 9.3 Changes in Systemic Hemodynamics, Blood, and Oxygen Kinetics

after Severe Burns in Humans*

Period
Early Intermediate Late
Heart rate +50% +75% +25%
Blood pressure (mean) Normal +10% +30%
Cardiac index —15% +65% —15%
Left ventricular stroke work —50% Normal —55%
Vascular resistance +30% —30% —20%
Blood volume —20% +15% —30%
Hematocrit +3% —30% —30%
Oxygen transport —15% +25% —60%
Oxygen consumption +35% +700% —40%

*From six patients (35% to 60% of BSA third-degree burns). The early period was the first 250% of their course, the
late period was the last 25% of their course, and the intermediate period was the time between early and late

periods. Values are expressed as percent change from data taken from 17 healthy control subjects.

SOURCE: Adapted from Shoemaker, WC, et al: Burn pathophysiology in man. . Sequential hemodynamic

alterations. J Surg Res 14:64, 1973.
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resuscitation and are thus at risk for congestive heart failure. Immune suppression and
alterations in leukocyte and macrophage function commonly occur during this period.
Hemolysis and the development of disseminated intravascular coagulation can occur and
further compromise the microcirculation.

The metabolic rate is often depressed in the very early period as a result of
asphyxiation from severe hypoxia and abnormal circulation. After a massive release of cat-
echolamines, in response to the stress, metabolism quickly increases and may produce
metabolic acidosis if the oxygen demand exceeds the delivery rates.

Intermediate Pulmonary and Systemic Changes:
2 to 7 Days Post-Burn

Signs of respiratory distress are often seen in burn victims after 24 to 48 hours. In
those with severe burns (>40% TBSA) but no inhalation injury, lung function is often
stable but can be complicated by burn and fluid resuscitation-induced pulmonary
edema and reduced chest wall compliance. The early increase in pulmonary blood flow
(largely driven by increased bronchial blood flow) and increased pulmonary vascular
resistance often returns to normal during this period.*”*® The hypermetabolic state
often continues during this period and results in increased CO, production and O, con-
sumption, which can further tax a patient’s marginal respiratory function to the point of
failure.

In patients with inhalation injury, the upper airway edema usually begins to
resolve between days 2 and 4. Mucosal inflammation secondary to chemical injury results
in increased mucus production and decreased clearance secondary to ciliary dysfunction.
Smaller airway injury, manifested as a lingering bronchitis with or without bronchospasm,
usually peaks on day 2 or 3. With more severe mucosal injury, the mucosal tissue often
becomes necrotic and sloughs, usually on days 2 through 4. The necrotic debris and mucus
retention often result in airway plugging, alveolar de-recruitment and atelectasis.*** The
atelectasis is further promoted by the victim’s inability to breathe deeply and cough effec-
tively as a result of reduced chest and lung compliance, increased airway resistance, pain,
use of narcotics, immobility, and inadequate airway care. The impaired secretion clearance,
atelectasis, and burn-induced immune suppression set the stage for bacterial colonization,
infectious bronchitis, and pneumonia.

During the intermediate period, the major pulmonary complications that can
occur include atelectasis, pleural effusion, acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS; see Chapter 11). ARDS occurs in approximately 50% of burn
victims who require ventilatory support.®®3 It can be classified as being caused by either
direct pulmonary injury (smoke inhalation or pneumonia) or extra-pulmonary causes
(burned skin or septecemia). A large variety of mechanisms have been implicated:

e Surfactant dysfunction

e Increased pulmonary blood flow and capillary hyperpermeability that are induced by pro-
inflammatory mediator release from neutrophils, macrophages, and injured tissues (e.g.,
lipid peroxides, NO, cytokines, endothelin, bradykinin, and possibly thromboxane and
substance P)

e Compliment-activated leukocytes that migrate to

/\RDS occurs in 50% of burn the lung and release toxins (e.g., proteolytic enzymes,

patients who require oxygen free radicals)

ventilatory support. e Bacterial translocation from the gut to the circulation
e Coagulation defects®*®®
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Patients who have had careful fluid resuscitation and have resolved cardiac failure
are usually hemodynamically stable during this period. Cardiac output and systemic blood
pressure improve, and a persistent tachycardia, secondary to the elevated catecholamine
release, typically occurs during this period (see Table 9.3). Systemic vascular resistance
declines and an adequate urine output is frequently seen if sufficient fluid is given. The
erythrocyte damage, secondary to the cutaneous thermal injury, usually levels off during
this period and the hematocrit stablizes.*

The metabolic rate during this phase continues to be 30% to 100% elevated above
the predicted basal metabolic rate and, if not supported with sufficient calories, can lead to
a catabolic state and poor wound healing.?® A negative nitrogen balance resulting from catab-
olism of blood and muscle proteins is common, and stress-induced diabetes can also occur.

Late Pulmonary and Systemic Changes:
Beyond 7 Days Post-Burn

In this later period, the hypermetabolic state can persist for 1 to 3 weeks, and the resting
CO, production rates can exceed 400 mL/min. This added load on the respiratory system
significantly increases the work of breathing and, compounded by a possible muscle catab-
olism, can result in respiratory muscle fatigue and ventilatory insufficiency.

Infection is the most common and serious problem in this period. Most burned
patients become colonized with Staphylococcus bacteria within a week of admission, many
acquire methicillin-resistant S. aureus (MRSA), and some are colonized with Pseu-
domonas aeruginosa.® Current techniques of burn wound care, however, have significantly
reduced the incidence of invasive infections, cellulitis, and overall mortality. Infectious
pneumonia is the most common organ after the skin to be infected and the most common
cause of severe sepsis in those with major burns.® Significant sepsis occurs in about 30%
of burned patients and remains an important cause of morbidity and mortality.

Multiple organ dysfunction syndrome (MODS) occurs when two or more organs
begin to function abnormally. It is thought to be most often the result of sepsis that triggers
an imbalance in the release of mediators that up- and down-regulate inflammation and
coagulation. This imbalance brings about widespread inflammation and microcirculatory
disruption that leads to the dysfunction of numerous organs. MODS occurs in about 25%
of these patients, is typically caused by pulmonary infection, occurs about a week to 10
days after the burn injury, and is the most common cause of death.®®

Pulmonary embolism can develop in some burn patients as a result of coagulation
abnormalities and venous stasis from long periods of little or no mobility.%® It generally
occurs within 2 weeks of the burn injury but in some cases may develop months after the
injury. Tachypnea, increasing minute ventilation and a marked decrease in the Po,/F10, ratio
or an increase in the P(a - eT)CO, indicate that significant embolization may have occurred.

After several months of recovery from severe inhalation injury and burns, some
patients continue to experience dyspnea, chronic
cough, and increased reactive airway disease.®’~"*
Those who develop severe cases of ARDS can develop
persistent diffusion impairment, restrictive pulmonary
function, and decreased exercise tolerance.” In some
with inhalation injury and prolonged intubation or tra-
cheostomy tube placement, there is increased risk of
developing subglottic or tracheal stenosis from granuloma formation weeks to months after
the initial injury and airway care.”* However, many smoke inhalation victims have few or no
long-term symptoms and have normal pulmonary function.”™ These discrepancies may be

[\/Jany of the survivors of
smoke inhalation injury have
normal pulmonary function
one year after their injuries.
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the result of the “dose” of smoke inhalation they received, the number and degree of com-
plications, and their underlying health condition.

CLINICAL FEATURES

The increased morbidity and mortality associated with inhalation injury in the burn victim
necessitates early recognition and treatment. The primary survey of the burn patient, like
other trauma patients, should include evaluation of the ABCs: airway, breathing, circula-
tion, and the cervical spine.

The secondary survey of the burn patient is a more detailed evaluation that should
include the evaluation of the circumstances of the burn injury and determine if there is his-
tory of exposure to a smoke-filled or enclosed environment. In the absence of clinical find-
ings, if the history suggests exposure to smoke, there should be a high index of suspicion
for inhalation injury.

Organs that are more oxygen dependent (e.g., brain and heart) are the first to show
dysfunction and indicate inhalation injury. It should be assumed that burn patients present-
ing in an unconscious state were exposed to asphyxiating conditions (low Fio,) or to toxic
gases (e.g., CO, HCN) or both. This requires immediate and aggressive treatment. Tables 9.4
and 9.5 list the major signs and symptoms associated with various levels of CO and HCN
poisoning. The classic description of CO poisoning, a cherry-red skin color, is an unreliable
sign, especially in the hypotensive victim. Electrocardiograms (ECGs) often show tachycar-
dia and may show signs of ischemic heart disease. In some, CO poisoning can resemble the
classic clinical and ECG findings of heart attack.”® The sampling of arterial blood for direct
determination of Hbco content is the most important
diagnostic indicator of CO poisoning. Hbco content is
also a potential indicator of the dose of smoke inhaled.
Low levels of Hbco, however, do not rule out signifi-
cant pulmonary injury in the intermediate or later post-
burn periods.

Pulse oximetry should not be used to indi-
cate the level of Hbo, concentration in the patient
who is known or suspected to have been poisoned by CO. Oxyhemoglobin and Hbco
have similar light-absorption spectra in the two regions that are used by the pulse oximeter.

Pulse oximetry will indicate
a falsely elevated
oxyhemoglobin saturation in
a patient who has significant
CO poisoning.

Table 9.4 Clinical Manifestations of Carbon Monoxide Poisoning

Blood Hbco

Degree of Poisoning  Concentration (%)  Signs and Symptoms

Mild 3-10 None; angina in patients with coronary artery
disease

10-20 Mild headache, exercise-induced angina, and

dyspnea

Moderate 20-40 Headache, dyspnea, vomiting, muscular weakness,
dizziness, visual disturbance, impaired judgment

Severe 40-60 Syncope, increasing tachypnea and tachycardia,

chest pain, hypotension, coma, convulsion,
irregular breathing pattern, and rhabdomyolysis
Life threatening >60 Coma, shock, apnea, and death

Hbco = carboxyhemoglobin
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As a result, pulse oximeters give . ; ;
a falsely high value for the total Table 9.5 Clmlc.al Manlfesta_tlon§ of Hydrogen
(fractional) Hbo, concentration Gl (V6 Foeons

when Hbco concentrations are Blood HCN Concentrations

elevated.””’® Blood Hbo, and  (mg/liter) Signs and Symptoms
Hbco can be properly deter-

N X - 0.2-0.3 Tachycardia
mined by analyzing an arterial Tachypnea
sample in a bench-top oximeter Dizziness
that uses multiple wavelengths Stupor
(five or more) of light. 0.3-1.0 Progressive stupor
Facial burns, singed Cardiac dysrhythmias
nasal hair, oral and laryngeal Seizures
edema, and carbonaceous deposits =10 Coma
in the airway and sputum suggest '322;?

inhalation injury, but the presence
or absence of these findings is not
considered a reliable indication of
the degree of inhalation injury.'® Carbonaceous sputum, while considered to be a very sen-
sitive sign of smoke inhalation, may not be seen for 8 to 24 hours or more and may occur
only in about 40% of victims with significant pulmonary injury.” Stridor, hoarseness, dif-
ficulty speaking, and chest retractions suggest upper airway injury and the need for careful
evaluation. Cough, dyspnea, tachypnea, cyanosis, wheezing, crackles, and rhonchi are indi-
cators of a more severe form of inhalation injury.

Fiberoptic laryngoscopy and bronchoscopy have been found very useful to evalu-
ate the presence of upper airway injury and remove excess saliva, sputum, and carbonaceous
debris.®8! The only clinical situation where bronchoscopy may fail to identify an inhalation
injury is in the immediate post-burn period if the patient is in severe hypovolemic shock.

Chest Radiograph

Chest radiographs frequently do not show signs of the severity of inhalation injury in the
early period and lag behind the pulmonary changes. The chest x-ray is useful in the initial
assessment of the burn victim to determine if other pathological conditions exist and to
locate the position of the endotracheal tube after intubation. CT scans of the chest of a vic-
tim of smoke inhalation injury may be more useful to detect and determine the severity of
the pulmonary injury.®2

Pulmonary Function Studies

Spirometry has been found useful in detecting small and upper airway injury.® Peak expi-
ratory flow and forced expiratory flow rates at 50% of the forced vital capacity (FVC) are
both markedly decreased and correlate well with xenon-133 lung scan results in victims of
smoke inhalation.?* The utility of spirometry, however, is limited to patients who can fol-
low commands and perform an acceptable FVC effort.

Arterial Blood Gases

ABG analysis is useful in diagnosing and trending the patient’s pulmonary insult. Reduced
Pao, and a decreased Pao,/Fio, may be the most practical and sensitive signs of respiratory
impairment (e.g., <300 mm Hg indicates ALI and <200 indicates ARDS). Reduced Pao, is
most often the result of VVQ mismatching. Respiratory alkalosis may also be found in the
early post-burn period and often continues during the hypermetabolic phase. Metabolic aci-
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dosis and ventilatory failure are signs of life-threaten-
ing injuries. The presence of an excessive base deficit
(BD) of less than —6 mEg/L and/or an elevated serum
lactate are important markers of a poor perfusion state
during the resuscitation and follow-up care of the burn
patient. A persistent BD of less than —6 mEg/L in the
first 24 hours is associated with a higher incidence of
ARDS, MODS, and death.®>%

[\/|aintaining a burn
patient's base deficit above
—6 mEg/L during the
resuscitative phase of care
improves the patient's
survival.

ECG and Hemodynamic Monitoring

ECG and hemodynamic monitoring are essential in patients with burns of greater than 10%
TBSA, regardless of whether or not they have concomitant smoke inhalation injury. Central
venous or pulmonary artery pressure, cardiac output, and urine output must be monitored
to optimize fluid resuscitation to avoid hypotension, renal failure, and fluid overload in the
severely burned patient.

Physical assessment, fiberoptic bronchoscopy, chest radiography, ABG analysis,
ECG, and hemodynamic monitoring form the core of cardiopulmonary assessment.
Repeated evaluation of the burn victim with these techniques will enable the clinician to
detect cardiopulmonary changes and intervene appropriately.

The secondary survey of the burn patient should include a head-to-toe evaluation
of their injuries and pain, further attention to their fluid resuscitation, and assessment of
their past medical history. To assess the cutaneous injury, a complete physical examination,
weight determination (for trending fluid balance), and calculation of TBSA burned are per-
formed. The rule of nines (Fig. 9.3) can be used to estimate the total size of the injured area
by determining the amount of injury to each extremity, the head, and the anterior and pos-
terior trunk. Each of these anatomic areas represents approximately 9% to 18% of the
TBSA in adults. A computerized body-surface mapping program (Sage 2) has been devel-
oped to better determine the burn size and to map the response to treatment.®” The burn
depth is determined by its clinical appearance:

e Partial thickness-superficial (first degree): A burn to the epithelium that is manifested
by erythema and pain

e Partial thickness-deep (second degree): A burn of the epithelium and dermis that is
manifested by erythema, blisters, and pain

e Full thickness (third degree): A burn that destroys the skin through or into the hypo-
dermis, manifested by pale or gray-brown, leather-like skin. There is no pain in this area
because all sensory organs in the skin are completely destroyed.

TREATMENT

The goals of respiratory care for the burn patient include:

e Achievement of a patent airway

e Secretion removal

e Maintenance of effective ventilation
e Preservation of lung volume

e Adequate oxygenation

e Maintenance of acid-base balance
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FIGURE 9.3 The percentage of surface area covered by skin in various
body regions of the infant and adult.

e Cardiovascular stability

e Cervical spine protection

e Support of metabolism

e Suppression of infection

e Prevention of pulmonary embolism
e Control of pain

e Appropriate monitoring

Most burn victims are initially stabilized in a community hospital and are then
transported to a burn center for treatment. The American Burn Association’s recommenda-
tion criteria for referral to a burn center is summarized in Box 9.1.

Airway

As stated earlier, the immediate signs of inhalation injury are characterized by facial burns,
soot in the mouth, and partial airway obstruction. Burn victims with minor upper airway injury
should be closely monitored for airway closure or other signs of pulmonary involvement.
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Box 9.1 American Burn Association Burn Unit Referral Criteria

Burn injuries that should be referred to a burn unit include the following:

. Partial thickness burns greater than 10% total body surface area (TBSA)
. Burns that involve the face, hands, feet, genitalia, perineum, or major joints
. Third-degree burns in any age group
. Electrical burns, including lightning injury
. Chemical burns
. Inhalation injury
. Burn injury in patients with preexisting medical disorders that could complicate
management, prolong recovery, or affect mortality
8. Any patient with burns and concomitant trauma (such as fractures) in which the burn injury
poses the greatest risk of morbidity or mortality
9. Burned children in hospitals without qualified personnel or equipment for the care of children
10. Burn injury in patients who will require special social, emotional, or long-term rehabilitative
intervention

NoOooh~,wWwN =

They should be given supplementary oxygen via non-rebreathing mask until the Hbco is less
than 10% and placed in a high Fowler’s position to reduce the work of breathing.
Bronchospasm should be treated aggressively with aerosolized beta-agonists (e.g., albuterol).

Airway maintenance with an oral endotracheal tube of the largest size that can be
placed is needed in cases where upper airway closure is anticipated or significant inhalation
injury is found.”® The swelling of the upper airway
will make it difficult to impossible for successful intu-
bation if the situation is allowed to progress to com-
plete airway closure. Leave the endotracheal tube
uncut to accommodate facial swelling. Secure the tube
with cotton ties over the ears so that adjustments can
be made as the face swells rather than using adhesive
tape under the ears, which will not adhere well following the application topical antibiotics
and the sloughing of facial skin. Extubation should only be done if the patient is improv-
ing, can maintain his or her own airway and secretions, can ventilate without difficulty, and
can demonstrate a cuff-leak when 30 cm H,O of pressure is delivered at peak airway pres-
sure when the cuff is deflated. The absence of a cuff-leak indicates that substantial airway
edema or tracheal stenosis exists. This will necessitate further evaluation and treatment.
Systemic corticosteroid treatment prior to extubation and aerosolization of racemic epi-
nephrine post-extubation to treat lingering airway edema are commonly used.®

Early tracheostomy in this setting remains controversial.”® It has been found to be
effective in blunt force trauma patients and helps in secretion clearance and early weaning
from the ventilatory support and reduces the incidence of nosocomial pneumonias.®
However, in a recent study of burn patients it was not found to reduce length of time on ven-
tilatory support, the incidence of pneumonia, length of stay in the hospital, or survival.®*%!
Placement of a tracheostomy is appropriate for the patient who will require ventilatory sup-
port for more than 10 days or who has ongoing secretion clearance problems.

Unconscious burn victims
should be given 100%
oxygen until their Hbco is
less than 10%.

Clearance of Secretions

Clearance of secretions becomes an increasingly important issue as the injured mucosal
lining of the airways sloughs and forms plugs. The delivery of heated and humidified gas is
essential along with adequate hydration and airway suctioning to mobilize and remove secre-
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tions. Chest physical therapy, while important, may not be tolerated by patients if they have
burn injuries on their chest and back. Fiberoptic bronchoscopy for visual clearance of the air-
way is frequently needed for patients who develop airway plugging and for the collection of
sputum specimens for microbial surveillance.

Carbon Monoxide Poisoning

The burn victim who is found in a coma must be assumed to have sustained severe asphyxia
and/or CO poisoning. Basic and advanced life support are needed immediately to provide
a patent airway and cardiorespiratory support. Oxygen therapy forms the cornerstone for
the emergent treatment of hypoxia and CO poisoning. Elimination of CO is accelerated
when supplemental O, is administered (Table 9.6). For burn victims in whom smoke
inhalation is suspected and who have moderately elevated Hbco (less than 30%) and sta-
ble cardiopulmonary function, 100% O, at a rate of 15 liters/min from a tight-fitting non-
rebreathing mask is the method of choice. Oxygen therapy should continue until the Hbco
is reduced to less than 10%. High-flow mask CPAP at 5 to 10 cm H,0 pressure and 70% to
100% O, may be useful in patients who have minimal thermal injuries to the face and upper
airway and have increasing dyspnea and hypoxemia that is not relieved by the use of a non-
rebreathing mask.*? For those with a more severe form of CO poisoning (Hbco greater than
30%) that results in coma, intubation and ventilatory support with 100% O, is needed.
Rapid referral for hyperbaric O, therapy at 3 atm for 30 minutes to 1 hour is useful to
improve patient outcomes in severe CO poisonings.®

Mechanical \entilation

Conventional ventilatory support with positive end-expiratory pressure (PEEP) is needed
for patients who develop respiratory failure, pneumonia, or ALI/ARDS or who require
sedation and paralysis. Ventilatory support is needed when the patient’s ABGs indicate res-
piratory failure (Pao, less than 50 mm Hg, Paco, greater than 50 mm Hg, and pH less than
7.20) or when the clinical picture indicates impending respiratory failure (respiratory rate
greater than 35/min and significant use of accessory muscles). The initial settings would be
assist-control ventilation, rate 15/min, V1 6 to 8 mL/kg, T, 1 second, sufficient inspiratory
flow to meet patient demand, Fio, 100%, PEEP 5 cm H,0. Titrate the Fio, to maintain a Pao,
of 100 mm Hg unless the Hbco is greater than 10%. PEEP is used to preserve lung volume
and may need to be increased to higher levels when the patient’s Fio, requirement climbs
above 40% and/or the patient develops atelectasis. As the pulmonary insult resolves, the
need for ventilatory support may continue in patients who maintain high metabolic rates and
minute volume requirements.
Because of the spec-

trum of pulmonary dysfunctions

tilator of choice should be able to While Breathing Different Oxygen
provide a variety of modes and Concentrations

monitoring features that will Inhaled 0, and Atmospheric
facilitate safe and effective venti- Hbco Half-Life (min) Pressure

lation. Pressure-controlled modes . " 21% @ 1 Atmosphere (air)
of ventilation that automatically 80-90 100% @ 1 Atmosphere
adjusted to deliver a targeted V¢ 20-30 100% @ 3 Atmospheres

at the lowest pressure (e.g., pres- (hyperbaric chamber)

sure-regulated volume control,
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autoflow or pc+) are popular and offer the added advantage of higher initial flow to meet
the patient’s inspiratory effort. The ventilator should be able to deliver stable tidal ventila-
tion with peak pressures below 35 cm H,O as the respiratory mechanics change and be able
to provide pressure support ventilation to facilitate spontaneous breathing. Adjust tidal
volume (V) to the 6 mL/kg range to avoid further lung injury and reduce mortality if the
patient develops ALI or ARDS.% In cases where there is an increased risk of further lung
injury and barotrauma from over-inflation, the V; and minute ventilation can be adjusted
down and permissive hypercapnia allowed (Paco, of 55 mm Hg and pH =7.30) to reduce
further lung injury.%3%

Tracheal Gas Insufflation

Another novel approach to reduce V, airway pressure, and the potential of lung injury
while maintaining Paco, during severe ARDS is the use of tracheal gas insufflation (TGI).%
TGI helps wash out CO, in the anatomic dead space and airway by the delivery of oxygen
at 5 to 10 L/min through a small bore catheter that is placed in the endotracheal tube down
to a point just above the carina.®® Another issue that can arise in these patients during con-
ventional ventilation at elevated respiratory rates and minute ventilation is the development
of insufficient time to exhale, gas trapping, and auto-PEEP. Regular efforts should be made
to determine the level of auto-PEEP and reduce it to acceptable levels through reduction of
respiratory rate and sedation in order to avoid lung injury, barotrauma, or reduced cardiac
output.

High-Frequency Ventilation

A growing body of evidence has shown that high-frequency ventilation delivered by the vol-
umetric diffusive respirator (VDR) or oscillator is useful in supporting and improving gas
exchange in the burn patient with significant inhalation
injury.®2%! The use of the VDR in these patients has
resulted in improved oxygenation, lower airway pres-
sures, reduced barotraumas, improved secretion mobi-
lization, and improved survival when compared to con-
ventional ventilatory support. It should be noted that
these studies have not compared high-frequency venti-
lation with low tidal-volume conventional ventilation
that follows the ARDSnet protocol. High-frequency
ventilation is used primarily as a rescue mode of venti-
lation in some burn centers for patients who are refrac-
tory to conventional ventilation. In other centers it is the
primary mode of ventilation for patients with large TBSA burns and inhalation injury. The
VDR delivers high-frequency percussive pulse breaths and intermittent pressure-controlled
convective breaths and can be adjusted to allow spontaneous breathing with PEEP.

7T he use of high-frequency
ventilation for the burn
patient with significant
smoke inhalation injury has
been shown to improve
oxygenation, reduce
barotrauma, improve
secretion mobilization, and
improve survival.

Fluid Balance

Careful maintenance of fluid balance is necessary to minimize the development of shock,
renal failure, and pulmonary edema. Hemodynamic stability can often be maintained
through IV fluid resuscitation of the patient according to the Parkland formula of 4 mL of
isotonic crystalloids per kilogram per percentage TBSA burn over a 24-hour period (half of
the fluid volume is given during the first 8 hours and the other half is given over the next
16 hours) to maintenance a urine output of 30 to 60 mL/hour.1%? Often, the burn patient
with significant inhalation injury requires greater amounts of fluid. The fluid administration
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is then tapered down as the patient stabilizes and the swelling subsides. However, the large
volumes of fluid given to these patients can result in the development of pulmonary edema.
Monitoring pulmonary artery pressures in addition to urine output can be a better guide to
the adequacy of fluid replacement and the need for vasopressor therapy.'® Frequent analy-
sis of the electrolyte panel and acid-base status is required to avoid potential imbalances.
The IV administration of high-dose ascorbic acid in the first 24 hours is recommended and
has been shown to reduce resuscitation fluid volume requirements, edema formation, and
the severity of respiratory dysfunction.’® The use of systemic corticosteroids for the treat-
ment of pulmonary edema during the first several weeks following the burn and smoke
inhalation injury is contraindicated because of an increased risk of infection.'?

Escharatomy

In cases where circumferential burns of the thorax occur, the burned skin will need to be
cut (escharotomy). This is done by making lateral incisions in the anterior axillary line
extending from 2 cm below the clavicle to the ninth or tenth rib and transverse incisions
across the chest at the top and bottom to form a square. Escharotomy of the chest will
relieve the compressive effect of the burned skin.

Feeding

Feeding the burn patient appropriately is an important form of support. Because burn
patients are often hypermetabolic, careful evaluation is needed for appropriate feeding to
avoid catabolic wasting of muscle tissue and poor burn wound healing. Predictive formu-
las such as the Harris-Benedict and Curreri have been used to estimate the metabolic rate
of the burn patient; however, the use of commercially developed portable analyzers for
serial measurements of indirect calorimetry have been found to be more accurate.'%1%
With very large burns (greater than 50% TBSA), patients are often given a diet with caloric
content that is 110% or more of their resting energy expenditure to facilitate wound heal-
ing and avoid catabolism. As the wounds close and heal, feedings are tapered back to the
patient’s resting energy expenditure to avoid overfeeding. In addition, enteral feeding with
the amino acid glutamine supplements has been shown to improve gut wall integrity,
reduce bacteremia, and decrease overall mortality. 1%

Pain Control

During the course of care for burn patients, adequate control of pain and agitation is essen-
tial. Opioids, anxiolytics, and muscle blocking agents are commonly used to manage the
severely burned patient in the acute critical care period. Often, pain control by standard reg-
imens (1V or IM bolus) is inadequate. Consideration should be given to the use of patient-
controlled analgesia for burn patients when they stabilize.X®

Prevention of Burn Complications

Isolation technique, room pressurization, air filtration, and wound covering form the front
lines of infection defense. Infections should be treated with specific antibiotics. Topical treat-
ment of the wound with cream-base antibiotics (e.g., silver sulfadiazine [Silvadene]) is com-
monly employed to prevent wound infection. The appropriate systemic antibiotics are found
through serial wound, blood, urine, and sputum cultures. Prophylactic antibiotics are not
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[Farly burn wound excision
and covering reduces
infection and improves
survival.

commonly used in these patients because resistant bac-
terial strains can develop and produce a pneumonia that
is more refractory to treatment. Early dead skin excision
and wound covering with different types of barriers and
grafts has become commonplace in the treatment of the
burn patient to prevent infection and speed recovery.

To prevent disseminated intravascular coagulation and pulmonary embolism,
heparin therapy may be needed, especially in patients who remain immobile.

Clearly, the prevention and early detection of fires remains the most important actions
to be taken to reduce the morbidity and mortality rates associated with the burn victim.

HISORY

Mr. S, a 45-year-old man, was using a propane-powered camp heating unit in his house
trailer when it exploded and caught the trailer contents on fire. He sustained flash and flame
burns and smoke inhalation. After a minute or two, he stumbled out of the burning trailer
and collapsed on the ground. A neighbor called the paramedics, and they arrived on scene
within 5 minutes and began trauma life support and transported him to a nearby community
hospital approximately 30 minutes following the injury. Mr. S is a manual laborer with a his-
tory of 32 pack years of smoking, ethyl alcohol abuse, remote IV drug abuse, and one inci-
dence of aspirin abuse and Gl bleed that resulted in treatment in the emergency department.

QUESTIONS

ANSWERS

1. What signs and symptoms
should be evaluated immedi-
ately upon Mr. S's arrival?

2. What facts should be gathered
to help determine the severity of
Mr. S's injuries?

3. What therapeutic techniques
should be readily available upon
Mr. S's arrival?

The following signs should be evaluated: patency of
the airway, breathing status, quality of breath
sounds, pulse rate, blood pressure (BP), level of
consciousness (Glasgow coma scale), and cervical
spine protection until spinal injuries are ruled out.
Symptoms of respiratory distress, shock, and mental
impairment should be noted.

The severity of Mr. S's injuries can be evaluated by
determining whether he was burned in an enclosed
space; whether there is evidence of inhalation
injury; how long he was exposed to flame and
smoke; the approximate percentage of TBSA burned
and the degree or thickness of the burn, the length
of time since his injury; his age, height, and weight;
and any underlying medical conditions that may
complicate his injuries.

Oxygen therapy (cannula or non-rebreathing mask),
intubation equipment, manual resuscitation bag
with proper mask, ventilatory support equipment,
venous and arterial line placement equipment, crys-
talloid fluids for vascular support, appropriate
resuscitation drugs, and medications for pain and
agitation should be ready upon his arrival.
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More on Mr. S

PHYSICAL EXAMINATION

e General. Mr. S is a thin-appearing man who weighs approximately 75 kg and is 194 cm
tall. He has burns of his face, neck, arms, and legs; he is lying supine on an emergency
department bed, restless, moaning, somewhat responsive to questions with a hoarse voice
and in apparent respiratory distress while breathing with the aid of supplementary oxy-
gen from a non-rebreathing mask and reservoir being supplied with oxygen at 15 L/min;
Glasgow coma scale 14

e Vital Signs. Temperature 36.5°C, respiratory rate 26/min, BP 138/86 mm Hg, heart rate
134/min, nail-bed refill 2 seconds

e HEENT. Anterior part of face received partial and full-thickness burns; corneas were not
burned, pupils equal and reactive to light; nasal flaring, nasal hairs singed; some ery-
thema and soot seen in the oral cavity

e Neck. Burns down to the clavicles; trachea is midline; some inspiratory stridor; carotid
pulses +++ bilaterally without bruit; no signs of lymphadenopathy, thyroidomegaly, or
jugular venous distention; obvious tensing of sternocleidomastoid and scalene muscles
during inspiration

¢ Chest. No burns observed; some scattered expiratory wheezes bilaterally; occasional
thoracoabdominal paradoxical motion

e Heart. Regular rhythm at 130 to 140/min; normal first and second heart sounds without
murmurs, gallops, or rubs

* Abdomen. Slender, no burns observed; soft, non-tender; bowel sounds indistinct; no
masses or organomegaly

e Extremities. Moving all extremities; circumferential partial and full thickness burns on
all extremities with exception of feet and axillary areas; no digital clubbing; no obvious
cyanosis; some signs of swelling

QUESTIONS ANSWERS
4. Which of Mr. S's signs and Inhalation injury is indicated by the presence of
symptoms indicate inhalation tachypnea, stridor, voice changes, accessory muscle
injury? tensing, erythema about the face and presence of

soot in the mouth, nasal flaring, singed nasal hair,
wheezing, and thoracoabdominal wall paradoxical

motion.
5. If Mr. S had circumferential If circumferential burns of his thorax had occurred,
burns of his thorax, what it could result in decreased thoracic compliance and
influence would this have on increased work of breathing.

his respiratory function?

6. What are the possible causes of  His respiratory distress is probably due to some
Mr. S's respiratory distress? inhalation of hot gas and smoke, which can cause
upper airway edema, bronchospasm, and possibly
chemically induced acute tracheobronchitis.
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Increasing lung water, secondary to the inhalation
injury and a large cutaneous burn, may be accumu-
lating and inducing increased airway resistance,
decreased pulmonary compliance, V/O mismatching,
and hypoxemia.

7. What diagnostic techniques To evaluate his respiratory distress further, the follow-
should be used to evaluate ing tests may be useful: chest radiograph, fiberoptic
Mr. S's respiratory distress? laryngoscopy, and bronchoscopy; a CT lung scan

would be helpful in making the diagnosis of inhala-
tion injury but it may not be practical in this setting.

8. What laboratory tests and other  Laboratory assessment should include a complete
determinations are now needed blood count, electrolytes, ABG, Hbco, standard blood

to make a more complete chemistry, hepatitis C status, and a screening for
evaluation? alcohol and illegal drugs.

9. What techniques are needed to A more precise estimation of the burn size should be
monitor Mr. S's cardiovascular determined through careful physical examination
status? and the use of a Lund-Browder burn chart to help

guide fluid therapy. ECG monitoring and placement
of peripheral venous, central venous, and arterial
lines are needed to guide the maintenance of hemo-
dynamic stability.

ND LABORATORY FINDINGS

BEDSID
E MMUNITY HOSPITAL

E A
IN THE CO
Burn Depth and Size. Partial and some full thickness, approximately 50% of TBSA
ECG. Sinus tachycardia of 134/min without any other abnormalities
Arterial BP. 138/82 mm Hg

Chest Radiograph. Normal thoracic, diaphragmatic, cardiac, anatomy; hyperinflated lung
fields and no signs of infiltrate, atelectasis, pulmonary edema, masses, or foreign bodies at
this time

ABGs. pH 7.30, Paco, 32 mm Hg, Pao, 186 mm Hg, Hbo, saturation (Sao,) 91%, Hbco 18%,
HCO,~ 15 mEq/liter, base deficit —5 while breathing 100% O, from a non-rebreathing mask

Hematology. Het 439, red blood cells (RBCs) 4.3 X 106/mm?, white blood cells (WBCs)
8.1 X 10°% platelets 361 X 10°

Chemistry and toxicology. Results pending

QUESTIONS ANSWERS

10. How would you evaluate the The ECG and hemodynamic measurements indicate
ECG and hemodynamic findings?  tachycardia and borderline hypertension are accept-
able, given the pain and the extent of his injuries.
Placement of a central venous catheter is indicated to
facilitate fluid resuscitation and drug administration.
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11. What does the chest radiograph
indicate?

12. How would you interpret the
ABG data?

13. What do the hematological data
indicate?

14. What respiratory care is indicated
at this time, and how should it be
evaluated?

15. What hemodynamic support is
indicated at this time, and how
should it be evaluated?

16. What complications may occur
in the next 24 to 48 hours, and
should the patient be trans-
ported to a burn center?
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The chest radiograph suggests hyperaeration and is
otherwise normal.

The ABG shows partially compensated metabolic
acidosis, hyperventilation, hypoxemia, minor-to-
moderate CO poisoning, and a Pao,/Fio, of 186,
which indicate V/O abnormality, diffusion defect,
and/or intrapulmonary shunting.

The hematological data are normal and do not indi-
cate loss of blood.

The patient should be intubated with a cuffed
8.0-mm internal diameter endotracheal tube. The
endotracheal tube could be placed with the aid of a
bronchoscope. After intubation, visual inspection of
the depth of the airway, chest motion, and breath
sounds are needed to determine appropriate airway
placement. Mr. S will need mechanical ventilatory
support to help avoid and manage further gas
exchange derangement if they occur. Initial ventila-
tor settings should be as follows: assist/control
mode, set V; at 700 mL, set rate at 16/min, adequate
inspiratory flow to maintain an inspiratory-
expiratory ratio (I:E) greater than 1:2, PEEP 5, and
100% Fio0,. Oxygen therapy is primarily directed
toward treating the CO poisoning. In-line aerosolized
bronchodilator treatment (e.g., six puffs of albuterol
via metered dose inhaler) should be given for the
apparent bronchospasm. Physical examination of the
chest, vital signs, ABG, and chest radiograph should
be done to determine Mr. S's response. Escharotomy
of his arms and legs may be needed to prevent con-
striction of the blood flow to his hands and feet if
the swelling and contracture becomes excessive.

Fluid resuscitation with crystalloid IV infusion
according to the Parkland formula (i.e., 4 mL/kg/TBSA
burn over 24 hours) must be started. Placement of a
central venous pressure (CVP) catheter is needed to
facilitate fluid resuscitation, and renal output must
be monitored for proper hydration.

Over the next 24 to 48 hours and beyond, Mr. S is
at continuing risk for the development of circula-
tory and respiratory failure, airway edema, acute
lung injury, acid-base and electrolyte imbalance,
and infection of his wounds. This patient meets the
burn unit referral criteria of the American Burn
Association and should be transported to a regional
burn center; he has a burn of more than 10% TBSA,
some full thickness (3rd degree) burns, burns of his
face, and inhalation injury.
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“Q More on Mr. S

In the emergency department of the community hospital, Mr. S has a peripheral IV catheter
placed, he is sedated, orally intubated with an 8.0 cuffed endotracheal tube, and placed on
mechanical ventilation with 100% O,. A jugular central venous catheter is placed and fluid
resuscitation started. A nasogastric tube is inserted, along with a urinary catheter with a
closed-collection system. A chest radiograph is obtained, and the airway is in satisfactory
position, but the CVP catheter is found to extend into the right shoulder region. Mr. S is
further stabilized at the community hospital and then transferred by air ambulance to a
regional burn center for intensive burn care. Upon arrival at the burn center, approximately
5 hours after the incident, he is fully evaluated and found to have received partial and full-
thickness burns to 45.7% of his body and probable inhalation injury. His initial treatment
includes continued ventilatory support with pressure controlled assist/control mode, V; 0.7
liter, rate 16/min, 100% 0, and 5 cm H,0 of PEEP, fluid resuscitation at 1000 mL/hour X 8
hours followed by 500 mL/hour over next 16 hours, sedation and paralysis with morphine,
ativan and vecuronium, wound care with topical antibiotics and dressings, ascorbic acid,
acetaminophen, H2 blockers for stomach acid, bowel clearing, 12 lead ECG, chest radi-
ograph, radial artery catheter placement, ABG, electrolytes, and CBC determination. The
chest radiograph (Fig. 9.4) shows the endotracheal tube in an acceptable position, a right
pneumothorax, and a poorly placed central venous line. The pneumothorax is thought to
have been caused by either lung puncture from the placement of the CVP catheter or rup-
ture of the lung during ventilatory support. A chest tube is placed in the right hemithorax
and attached to a three-chamber chest tube drainage system with —20 cm H,0 suction,
and the CVP catheter is replaced. Mr. S's Hbco is found to be 8%.

FIGURE 9.4 Chest radiograph shortly after admission to the burn
center.
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During the first 48 hours following admission, Mr. S receives 27.2 liters of fluid and
has a total urine output of 5.1 liters. Over the next several days, the aggressive fluid
resuscitation and sedation are tapered down, and edema of the face and extremities
develop and begin to subside. His Fio, is adjusted down to 0.40, while pulse oximetry and
ECG are monitored. His wheezing increases, and the bronchodilator therapy is changed to
10 puffs of the Combivent (albuterol and ipatropium) via in-line delivery with a chamber
in the inspiratory limb of the ventilator circuit at a frequency of q2h and prn.

On the third day post-injury, Mr. S's sputum becomes more copious, and his Fio,
requirements increase to 0.60 to maintain his oxyhemoglobin saturation above 92%. On
the fourth day after injury the decision to begin the surgical removal of the burned skin and
grafting is put on hold as Mr. S continues to deteriorate. His bedside findings, vital signs,
chest radiograph, ventilator settings, and laboratory data are as follows.

BEDSIDE FINDINGS

Mr. S is lying supine with bacitracin and polymyxin B ointment on his face, silver sulfadi-
azine cream and bandages covering all other burned areas. Generalized edema of the burn
areas has decreased somewhat. He is being kept sedated and paralyzed with morphine, ati-
van, and vecuronium. He is being turned and repositioned every 2 hours and he is passively
following the support being supplied by the ventilator. The endotracheal tube has 25 cm
H,0 pressure in the cuff, and no gas leakage is heard over the cuff site. The airway is
secured with cloth ties and shows the 24-cm mark at the teeth. His breath sounds reveal
scattered expiratory wheezes and rhonchi bilaterally. On suctioning his airway, moderate
amounts of tan sputum flecked with soot are removed. In-line ventilator circuit delivery of
10 puffs of Combivent continues every 2 to 4 hours and as needed.

Box 9.2 Physical Examination

Vital Signs

Measure Value

Temperature 37.5°C; Respiratory rate 22/min

Heart rate 105/min, sinus rhythm

Hemodynamics

Measure Value
Systemic arterial BP 105/55 mm Hg
CVvP 7 mm Hg

Urine output averaging 100 mL/hour

Chest Radiograph. See Figure 9.5

Ventilator Settings and Findings

Measure Value

Assist/control

Pressure control mode

v, 07L
Set and total rate 20/min

(box continued on page 212)
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Box 9.2 Physical Examination (conminue)

T, of 1.0 seconds, |:E 1:2

Ve

Peak inspiratory pressure
Plateau pressure

Fio,

PEEP set at 7 cm H,0
Auto-PEEP

Static compliance (C)

Effective airway resistance (R,,)

Laboratory Evaluation
ABGs

pH

Paco,

Pao,

HCO,~
Base deficit
Pao,/Fio,
Sao,

Spo,

Hematology

Measure

Hct

RBC
WBC
platelets

Electrolytes and Chemistry
Measure

Na*

K+

Cl~
Glucose
BUN
Creatinine

15.9 liters/min
38 cm H,0

31 em H,0
90%

14 ¢cm H,0
25 mL/em H,0
8 cm H,0/liter/second

Value

7.36

46 mm Hg

91 mm Hg

25 mEq/liter

0

101

969% (co-oximeter)
97% (pulse oximeter)

Value

429%

4.58 X 10%/mm?
10.2 X 10%/mm?
253 X 103 /mm?

Value

141 mEq/liter
3.8 mEq/liter
102 mEq/liter
135 mg/dL
21 mg/dL

1.1 mg/dL

Microbiology. Blood, sputum, and wound smear cultures pending
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FIGURE 9.5 Chest radiograph 4 days after admission to the burn center.

QUESTIONS

ANSWERS

17. What do Mr. S's airway care and
breath sounds indicate? What
would you recommend at this
time?

His airway is of an appropriate size and position.
His breath sounds indicate proper placement. Cuff
pressure is effectively sealing the trachea at a safe
pressure that is high enough to help avoid silent
aspiration of saliva around the cuff. Placement of a
tracheostomy tube is not indicated at this time. His
breath sounds indicate retained secretions, continu-
ing bronchospasm, and little or no resumption of a
significant pneumothorax. The in-line aerosolization
of Combivent via metered-dose inhaler is appropri-
ate and should be evaluated for effectiveness by
evaluating the ventilator graphic display (e.g.,
pressure-volume curve) and by comparing the ven-
tilator peak inspiratory pressure and peak plateau
pressure difference before and after treatments. The
copious amounts of tan and soot-flecked sputum
removed from the airway indicates inhalation injury
and the possibility of ventilator-associated pneu-
monia. They do not appear to be grossly consistent
with airway plugging or hemorrhage at this time.
Special attention to the airway, its maintenance,
keeping the patient's head up at 45°, frequent

hand washing, and sterile technique is necessary

to help avoid or reduce the incidence of ventilator-
associated pneumonia.
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18.

19.

20.

How would you describe his
hemodynamics? What effects
could these hemodynamics have
on lung function?

How would you describe the radi-
ographic changes since the initial
chest film taken shortly after
admission to the burn center?

How would you describe the
ventilator settings, breathing
pattern, pulmonary mechanics,
and ABG findings? What would
you recommended at this time?

Chapter 9 Smoke Inhalation Injury and Burns

The hemodynamics are acceptable when considering
his injury. The filling pressures (CVP) indicate that
Mr. S is adequately hydrated and will need the infu-
sion rate to be adjusted to maintain an acceptable
urine output. If fluids are tapered too much, how-
ever, renal function and other organ functions could
be jeopardized as a result of hypovolemic shock.

This portable anterior-posterior chest radiograph
taken on the fourth day after his injury shows normal
bony structures, normal heart size, scattered flitrates
in both lung fields with greater involvement of both
lung basal lobes, and that the endotracheal tube,
chest tube, CVP catheter, and nasogastric tube are all
in appropriate positions. These findings are consis-
tent with pneumonia and/or ARDS. It would be
appropriate to start antibiotics and perform a bron-
choscopy to clear the airways and to obtain a spu-
tum specimen with a protected brush to assess him
for infection and ventilator-associated pneumonia.

Mr. S's ventilator settings indicate that he is receiv-
ing a V; of 9.3 ml/kg, his Fio, setting is excessive,
he is following the set rate of the ventilator, and he
is generating unacceptable levels of auto-PEEP as a
result of gas trapping produced by his respiratory
pattern combined with the increased effective air-
way resistance. It is important to track the auto-
PEEP in order to evaluate its effects on lung disten-
tion, lung mechanics, and hemodynamics. The
auto-PEEP can be reduced by lowering the respira-
tory rate, increasing the expiratory time, continuing
the bronchodilator treatments and airway care, and
maintaining his sedation to avoid patient over-
triggering. The very low compliance and elevated
resistance measurements are consistent with the
chest radiograph and bedside findings of secretion
retention, bronchospasm, pneumonia, ARDS, and
probable underlying COPD. His Pao, is adequate, but
the measures to maintain it are dangerously exces-
sive and need reevaluation and adjustment. The
acid-base balance is normal and indicates effective
resuscitation. At this point it would be appropriate
to consider reduction of his V; to 6 mL/kg, higher
PEEP to recruit atelectatic regions of his lungs, and
reduction of the Fio, in accord with the ARDSnet
protocol. In addition, it would be appropriate to
consider permissive hypercapnia by reducing his

V; and rate if the initial adjustments do not reduce
the auto-PEEP and elevated plateau pressure.
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21. What do his other laboratory
findings indicate?

,‘ﬁ Mr. S Conclusion
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The hematological data indicate an acceptable RBC
mass and count. The mildly elevated WBC is consis-
tent with this type of trauma or early sepsis or
both. Because of the elevated risk for ventilator-
associated pneumonia and the current clinical
picture, sputum and blood specimens should be
collected for microbiological analysis. The elec-
trolytes, hemodynamics, and renal function are
remarkably normal considering the amount of fluid
that he has received. A slight hyperglycemia is
noted and may be a result of glucocorticoid and
catecholamine release secondary to the trauma or
the IV fluids being given or both and may need to
be managed with insulin.

After Mr. S's cardiopulmonary status is assessed, his sedation is increased, he is started
on ceftazidime and vancomycin, a broncoscopy is performed, and sputum samples are
collected. The V; is reduced to 500 mL to yield a delivered V; of 6.7 mL/kg, the respiratory
rate is reduced to 18/min, the T, is reduced to 0.6 s to yield an I:E of 1:4.5, and the set
PEEP is increased through a series of steps to 14 cm H,0. This allows his Fio, to be
titrated down to 60% as his status is monitored with continuous end-tidal CO, pulse
oximetry, and serial ABG analysis. At this point his auto-PEEP is 16 cm H,0, the plateau
pressure is 28 cm H,0, the compliance increases to 33 mL/ecm H,0, end-tidal CO, is 49
mm Hg, and Sao, is 94%. An arterial blood sample is collected, and the following results
are found: pH 7.31, Paco, 54 mm Hg, Pao, 79 mm Hg, Pao,/Fio, 131, HCO, 26 mEq/liter,

and a base deficit of —4.

Improved oxygenation is noted by the increased Pao,/Fio, and acceptable Pao, and
Sao,. The reduction of the V; and rate settings results in an acceptable auto-PEEP, airway
pressures, and compliance and an acceptable permissive hypercapnia. The use of prone
position to recruit atelectatic lung segments is tried, but he develops significant oxyhemo-
globin desaturations to 70% and it is decided not to prone him. On this day a metabolic
study is done to evaluate his condition. It shows that his VO, is 366 mL/min, VCO, is 299
mL/min, and his resting energy expenditure is 2556 Kcal/day, which is 164% of his pre-
dicted basal metabolic rate. His feeding and caloric intake are adjusted so that he is receiv-
ing 110% of his resting energy expenditure to meet his energy needs and to avoid over
feeding him. This is repeated several more times during his course to adjust his feeding.

Over the next 7 days, Mr. S's condition oscillates between improvement and setback.
The bronchoscopy is tolerated without complication and shows that he has moderate
inflammation of his airways and moderate amounts of thick sputum with small plugs. The
sputum cultures found more than 100,000 bacteria/mL and grew out Streptococcus pneu-
moniae and Haemophilus influenzae. The ceftazidime and vancomycin are stopped and he is
started on levofloxacin. Episodes of coarse and wheezy breath sounds, sputum retention,
and infiltrates and atelectasis reoccur several times and require elevated levels of Fio, and
adjustment of his PEEP and bronchoscopy. During this period the chest tube is removed
without incident, the CVP line is replaced, a Dobbhoff feeding tube is placed, and the arte-
rial catheter removed. He is started on two puffs of fluticasone bid for his persistent
wheezing. Ten days post-burn, it is decided to place an 8-mm tracheostomy tube because
of the ongoing secretion problems and ventilatory support requirements.
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FIGURE 9.6 Chest radiograph 35 days after admission to the burn center.

Gradually over the next several weeks, Mr. S's pulmonary status improves. His Fio, and PEEP
requirements decline, the bronchodilator treatments are reduced to g4h and prn, he completes an
8-day course of antibiotics, his secretion production decreases, and his sedation is tapered over the
next week. On the 13th and 16th days post-burn it is decided that he is stable enough to tolerate
two surgical procedures to remove burned skin and to graft skin from the unburned areas to the
excised areas. Mr. S tolerates these procedures with modest increases in his metabolic rate and
minute ventilation requirements. On the 35th day after admission to the burn center, his chest radi-
ograph shows acceptable placement of a tracheostomy tube and improvement in the infiltrates
(Fig. 9.6).

On the 40th day post-burn, the sedation is tapered, his metabolic rate reduced, his anxiety well
controlled, and his pulmonary insult resolved enough that it is felt that he can begin a gradual
process of weaning ventilatory support. He is switched from assist-control mode to mandatory
minute ventilation with the following settings: V; 600 mL, rate 10/min, pressure support 10 cm H,0,
Fio, 40%, and PEEP 10 cm H,0. After several minutes he stabilizes with a sinus tachycardia of
105/min, respiratory rate of 22/min, pressure support V; is 688 mL, and oxyhemoglobin saturation is
96%. Mr. S tolerates this for 35 minutes until his respiratory rate increases to 35/min and V; drops to
less than 0.3 liter. At this point the pressure support is increased to 18 cm H,0 to reduce his tachyp-
nea and increase his V. Over the next several days his respiratory strength and stamina increase.

On the 43rd day after his burn injury he is able to tolerate breathing spontaneously through his tra-
cheostomy tube with supplemental oxygen being supplied by a tracheostomy mask delivering 40%
oxygen and cool aerosol. He continues to receive tracheostomy care, regular suctioning, two puffs of
Combivent g4h and two puffs of fluticasone bid for his persistent wheezing. Two weeks later his tra-
cheostomy is successfully removed. Sixty-one days after his admission to the burn center Mr. S is
discharged to a skilled nursing facility for follow-up care in his community. ™
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 The mortality rate for a large burn climbs when combined with inhalation injury and
increases to 95% in those with large burns and smoke inhalation injury and who are
more than 60 years old.

 Low oxygen and elevated CO and HCN are produced in fires and can cause asphyx-
iation and rapid CNS dysfunction.

» Smoke is an aerosol that contains particles laden with irritating aldehydes, organic
acids, and products of oxidation that can penetrate deep into the respiratory tract.

» Thermal injury to the respiratory tract is frequently confined to the face, oral and
nasal cavities, pharynx, and trachea.

» Chemical injury to the respiratory tract can be brought about by inhalation of toxic
gases and irritant-laden soot particles that can cause acute tracheobronchitis, bron-
chospasm, bronchorrhea, mucosal sloughing, airway obstruction, and rapid onset
pulmonary edema.

« Large skin burns and smoke inhalation injury can cause the release of various medi-
ators that result in increased pulmonary blood flow, increased capillary permeability,
pulmonary and systemic edema, cardiac failure, and surfactant dysfunction.

e Pulmonary physiological changes following burn and inhalation injury include
decreased lung and chest wall compliance, increased airway resistance, VIQ mis-
matching, and increased VD/Vr.

» Massive fluid shift and generalized edema usually peak within 8 to 24 hours.

« Respiratory mucosal inflammation, increased mucus production, mucosal sloughing,
decreased mucus clearance, and airway plugging usually follow inhalation injury for
3 to 4 days.

« Most burn patients become colonized with Staphylococcus bacteria, methicillin-
resistant S. aureus (MRSA), and P. aeruginosa.

* Respiratory tract infection, ARDS, MODS, and pulmonary embolism are complica-
tions of burn and inhalation injury.

« Hypermetabolism is a frequent occurrence following burn injury and can lead to ele-
vated minute ventilation and catabolism of muscle and blood proteins.

« Some patients may, following prolonged intubation or tracheostomy, develop sub-
glottic or tracheal stenosis weeks to months after the initial inhalation injury.

« Patients who present in an unconscious state may have been exposed to asphyxiating
conditions, low Fio,, CO, and/or HCN.

* Pulse oximetry should not be used to indicate the level of Hbo, concentration in the
patient who is known or suspected to have been poisoned by CO.

« Facial burns, singed nasal hair, oral and laryngeal edema, carbonaceous deposits in
the airway and sputum, cough, wheezing, stridor, and dyspnea all suggest inhalation
injury.

* The chest x-ray is frequently normal in the first 24 hours following inhalation injury.

« The presence of a persistent base deficit of less than —6 mEqg/liter and/or an elevated
serum lactate indicate poor perfusion and prognosis.

* The rule of nines can be used to estimate the total size of a burn injury. Each extrem-
ity and the head are approximately 9%, and the anterior and posterior trunk are each
18% of the TBSA in adults.

* A burn injury of the skin can be classified as partial thickness or full thickness.
(key points continued on page 218)
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4 = KEY POINTS (continuep)

 The goals of respiratory care include patent airway, secretion removal, maintenance
of effective ventilation, preservation of lung volume, adequate oxygenation, mainte-
nance of acid-base balance, cardiovascular stability, cervical spine protection, sup-
port of metabolism, suppression of infection, prevention of pulmonary embolism,
and appropriate monitoring.

« An oral endotracheal tube should be placed when upper airway closure is anticipated
or significant inhalation injury is found.

« Secretion clearance is important, as the injured mucosal lining of the airways sloughs
and forms plugs.

« Elimination of CO is accelerated when supplemental 100% O, is administered and
should continue until the Hbco is less than 10%.

 Conventional ventilatory support settings are assist-control ventilation, rate 15/minute,
V; 6 to 8 mL/kg, T, 1 second, sufficient inspiratory flow to meet patient demand, Fio,
100%, and PEEP 5 cm H,0.

« High-frequency ventilation delivered by a VDR or oscillator is useful in supporting
and improving gas exchange in the burn patient with significant inhalation injury.

« |V fluid resuscitation with the Parkland formula (4 mL/kg/% TBSA burn over a
24-hours) should be given to maintain a urine output of 30 to 60 mL/hour.

« |V administration of high-dose ascorbic acid should be given to reduce resuscitation
fluid volume requirements, edema formation, and the severity of respiratory dys-
function.

« In cases where circumferential burns of the thorax occur, chest escharotomy will
improve chest wall elasticity and compliance.

« The isolation technique, dead skin excision, wound covering, and topical antibiotics
reduce the incidence of severe infection and improve survival.

« Careful feeding of the burn patient is necessary to support metabolism and wound
healing.
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Near Drowning

William F. Galvin, MSEd, RRT, CPFT, FAARC

CHAPTER OBJECTIVES:

After reading this chapter you will be able to identify:

® The role played by the respiratory therapist in the assessment and management of
near-drowning victims.

® A definition of drowning, near drowning, and related nomenclature.

® The epidemiology and demographics associated with drowning.

® The risk factors that contribute to drowning.

® The pathology and pathophysiology of drowning; to include the neurological insult,
pulmonary insult, and hemodynamic and electrolyte effects.

® The drowning sequence and priorities in initial rescue.

B The clinical features and initial assessment of near-drowning victims.

® The clinical outcomes for near drowning.

= The treatment of near-drowning victims.

® The prognostic indicators for near drowning.

m Strategies to prevent drowning.

INTRODUCTION

Whether it be an unsupervised infant found face down in a bath tub, an adolescent found
submerged in a neighbor’s unfenced pool, or the still and lifeless bodies of two buddies dis-
covered on the beach after partaking of an alcohol-related weekend fishing trip, drowning is
a catastrophic and horrific event. Respiratory therapists are often called on to care for the
near-drowning victim. Since the acute phase of near
drowning primarily entails resuscitation efforts and
the late phase potentially involves congestive heart | [)rowning can occur in a
failure, pneumonia, and/or acute respiratory distress bathtub, bucket, toilet, or
syndrome (ARDS) and with it the concomitant use of | swimming pool and has a
mechanical ventilation, the role of respiratory thera- high association with
pists in treating near-drowning victims is important. alcohol use and abuse.
Knowing how to diagnose and effectively manage
near-drowning patients is a critical responsibility of
the respiratory therapist. This chapter discusses current information related to drowning
and near drowning. It focuses on the definitions and related nomenclature, epidemiology,
causes and risk factors, pathophysiology, drowning sequence and initial rescue, clinical
features and initial assessment, treatment, prognosis and outcomes, and preventative mea-
sures associated with drowning.
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DEFINITIONS

The literature contains many definitions associated with drowning and near drowning.'™
Early literature refers to drowning as death by suffocation resulting from submersion.**°
Some definitions specify a time frame, for example, death within 24 hours of rescue,!>!?
while others allude to the pathophysiological state and use terms such as wet drowning or
dry drowning.>** Wet drowning and dry drowning simply refer to the presence or absence
of liquid in the lungs. Other terms refer to the condition of the victim when first observed
during the incident such as active drowning or passive or silent drowning.'** Active drown-
ing refers to a witnessed drowning in which the victim is making some motion, while pas-
sive or silent drowning refers to an unobserved event in which the person is discovered
motionless in the water. Frequently, the adjectives fatal or nonfatal will be inserted that sim-
ply refer to the outcome, and intentional or unintentional may be employed to describe
causality. Cold water drowning refers to drowning in an outside body of water, usually dur-
ing the autumn, winter, or early spring months with a patient core temperature of less than
or equal to 32°C on arrival to the emergency department. Warm water drowning describes
higher temperatures (greater than 32°C).** Finally, secondary drowning is a term used to
describe an unrelated event such as a heart attack, seizure, or cervical spine injury that
results in the victim’s submersion and subsequent death.

The classic and most widely used definition of drowning is that proposed by
Model in 1981: Drowning is defined as suffocation by immersion, especially in water. In
addition, Model* proposed the following nomenclature and definitions: Drowning without
aspiration refers to dying from respiratory obstruction and asphyxia while submerged in a
fluid medium; drowning with aspiration, refers to dying from the combined effects of
asphyxia and changes secondary to aspiration of fluid while submerged; near drowning
without aspiration, entails survival, at least temporarily, following asphyxia owing to sub-
mergence in a fluid medium; near drowning with aspiration, is survival, at least temporar-
ily, following aspiration of fluid while submerged.

Additionally, the term near drowning has been applied to those who are success-
fully resuscitated and survive at least 24 hours.*"* If death occurs within the first 24 hours,
drowning is listed as the primary cause. Should the victim survive the initial 24 hours but die
later of complications, the primary cause of death is attributed to the complications (e.g.,
brain death, renal failure, sepsis, ARDS), and the secondary cause listed as near drowning.
Box 10.1 provides a compilation of definitions and nomenclature associated with drowning.

Regrettably, these varied definitions and related terms have created considerable
ambiguity in terms of clarity of definition as well as an inability to gather data, perform sta-
tistical studies, and report results. In an attempt to provide clarity and uniformity, a Task
Force of the World Congress on Drowning suggested that previous terms be abandoned and
the medical and scientific community adopt the following definition: Drowning is the
process of experiencing respiratory impairment from submersion/immersion in lig-
uid.>*"18 This definition suggests that the drowning process® is a continuum that begins
when the victim’s airway lies below the surface of the liquid, usually water, and the victim
voluntarily holds his or her breath. The Task Force recommends that the terms immersion
and submersion be included in the definition, as immersion connotes partial coverage with
a liquid (head out of water) and submersion entails total coverage (head submerged in
water). Regardless of the definition employed, drown-
ing is a fatal conditiqn and its prev_entio_n requires a Regardless of the definition
thorough understanding of the epidemiology, con- employed, drowning is fatal.
tributing factors, pathophysiology, and management.
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EPIDEMIOLOGY

The World Health Organization estimates the annual death rate from drowning at nearly half a
million people worldwide,? making drowning the second leading cause of unintentional death
globally.**® Experts suggest that this number is grossly underestimated because of a lack of a
standardized definition of drowning and a lack of consistency in reporting of the data. Data
from the World Health Organization identifies the Western Pacific, South-East Asian, and
African Regions as representing the largest percentages of worldwide drowning, with 33.4%,

Box 10.1 Terms Related to Drowning

Active drowning. A witnessed drowning in which the
victim is making some motion.

Cold water drowning. A drowning in an outside body
of water during the autumn, winter, or early spring
months with a patient core temperature of less than
or equal to 32°C on arrival to the emergency depart-
ment. Some use water temperature less than 20°C.

Drowning. Suffocation by immersion, especially in
water.

Drowning with aspiration. Dying from the combined
effects of asphyxia and changes secondary to aspi-
ration of fluid while submerged.

Drowning without aspiration. Dying from respira-
tory obstruction and asphyxia while submerged in a
fluid medium.

Dry drowning. The absence of liquid in the lungs.

Fatal or nonfatal. Refers to the outcome.

Iceberg phenomenon. People who have been sub-
merged but have subsequently not died from
drowning.

Immersion. Partial coverage with a liquid (head out of
water).

Immersion syndrome. Development of asystole or
ventricular fibrillation resulting from sudden immer-
sion in very cold water.

Intentional or unintentional. Describes causality.

Near drowning. A critical aquatic predicament
resolved by successful water rescue. It has also been
applied to those who are successfully resuscitated
and survive at least 24 hours.

Passive or silent drowning. An unobserved event
after which the person is discovered motionless in
the water.

Postimmersion syndrome. The development of ARDS
after a near drowning incident.

Secondary drowning. An unrelated event such as a
heart attack, seizure, or cervical spine injury that
results in the victim's submersion and subsequent
death.

Submersion. Total coverage (head submerged in
water).

Wet drowning. The presence of liquid in the lung.

22.4%, and 22.3%, respectively.
The Americas represent the lowest
percentage of the worldwide prob-
lem, with 6% of drowning deaths.

In 2002 the Centers for
Disease Control (CDC) reported
3,482 accidental drowning deaths
in the United States.”® Drowning
represented the seventh leading
cause of unintentional injury
deaths for all ages,?* was the lead-
ing cause of death among toddlers
12 to 23 months of age in 2000,
and was the second leading cause
of injury-related death for the 1 to
14 year old age group.?? Another
source estimates that for every
child who drowns, there are one to
four nonfatal submersions serious
enough to result in hospitaliza-
tion.2%-2" Another source esti-
mated a rate of three emergency
department care visits per drown-
ing, with more than 40% requir-
ing hospitalization.?® The CDC
also reports that males account
for 78% of drowning deaths in
the United States.?? Brenner and
associates?® examined the loca-
tion of drowning in infants, chil-
dren, and adolescents in the
United States and reported that
55% of infant drowning deaths
were in bathtubs. In 2001 the
overall age-adjusted drowning
rate for African Americans was
1.4 times higher than for
Caucasians, and the Centers for
Disease Control and Prevention
noted that after the age of 5 years,
the risk of drowning in a swim-
ming pool was greater among
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African-American males compared with Caucasian males. In 2002 statistics provided by
the Consumer Protection Safety Council®® indicated that 67% of all drowning deaths
occurred in backyard pools, spas, and hot tubs; the majority of drowning incidents occurred
while the child’s supervisor assumed the child was safely indoors, and the event occurred in
less time that it takes to answer the phone. Finally, data on nonfatal and fatal drowning
deaths in recreational settings indicate that the nonfatal drowning rate for males is nearly
twice that for females, and the fatal rate for males is almost five times that of females.?*

Near drowning takes a tremendous toll on
affected families and society as a whole. Typical med-
ical costs can range from $75,000 for initial treatment
to $180,000 a year for long-term care. Additionally,
the total cost of a single nonfatal drowning victim who
sustains brain injury can be more than $4.5 million,
and the annual lifetime costs of drowning among chil-
dren ages 14 and under is approximately $6.8 billion,
with children ages 4 and under accounting for $3.4
billion, or half of these costs.*

oddlers between the ages 1
and 4 and adolescents and
young adults between the
ages of 15 and 24 are at
significantly greater risk for
death from drowning.

ETIOLOGY

Drowning and near drowning are major causes of morbidity and mortality, and numerous fac-
tors contribute to the actual event. A technical report provided by Benner and associates'? pro-
vides one of the more thorough and comprehensive list of contributing factors associated with
drowning and near drowning. Benner’s risk factors are identified in Box 10.2 and include
sociodemographic factors, temporal and geographic variables, location and circumstances,
lapses in adult supervision, alcohol, swimming ability, and underlying medical conditions.

With regard to socioeconomic status, drowning rates were inversely related to per
capita income for all age groups.® However, studies have demonstrated that affluence has
resulted in an increase in the number of residential pools (approximately 10,000 pools in
1950 to 3.4 million in-ground pools and 3.2 million above-ground pools today), and this
increase may explain an increase in drowning deaths.*

Temporal and geographic variations profoundly affect the incidence of drowning.
One study** indicates that two thirds of drowning victims under the age of 15 died during
the months of May through August and that drowning shows the greatest seasonal variation
of all causes of unintentional injury death. The consistency of these patterns is not fully
understood, but speculation is that it may be due to the school year.

Location and circumstances surrounding drowning incidents are addressed in a
national study of childhood drowning® that indicated that 39% of all drowning deaths
occurred in pools (14% residen-
tial pools, 7% community pools, Box 10.2 Factors Associated with Drowning and
and 18% unknown), 37% occurred Near Drowning
in open bodies of water (lakes,
rivers, and ponds), 18% occurred ® Sociodemographic factors
in and around home (bathtubs, ° Tempgral and geographic variables
buckets, and spas), and the remain- - Lot el Qs s
ing 6% were listed as other. :}jgjﬁzlm adult supervision
Ironically, 90% of all drowning

e * Swimming ability
deaths occur within 10 meters of * Underlying medical conditions,
safety.®
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One of the more compelling claims regarding the issue of supervision of infants
and toddlers in and around sources of water? indicates that inadequate supervision is the
most common factor associated with submersions. A sobering statistic cited in a study®!
reveals that 88% of children are under some form of supervision when they drowned.
According to the American Red Cross, a child can drown in fewer than 2 inches of water
and in less than 5 minutes.®

Alcohol is estimated to be involved in 30% to 50% of adolescent and adult drown-
ing deaths®**® and appears to be the overwhelming cause of drowning associated with
recreational aquatic activity.*’” Data provided by the U.S. Coast Guard indicate that 705
people were killed in boating incidents in 2002. Of the boating fatalities, 70% were attrib-
uted to drowning, and alcohol was involved in 39% of the reported boating fatalities.®

While a high percentage of people who drown are nonswimmers or poor swimmers
(as many as two-thirds),™° there are conflicting opinions as to the role of swimming skill and
ability in preventing drowning and near drowning.®*“® It has been suggested that a daily
swimmer will obviously have increased exposure to the water and, coupled with a high
degree of confidence, be exposed to increased risk and greater likelihood of a drowning
event.* Swimming with a friend, in the presence of a lifeguard, and using a flotation device
are all reasonable strategies to employ. Swimming instruction along with water-safety train-
ing and dealing with hazardous aquatic environments, such as rip tides, strong currents,
waves, underwater obstacles, depth and temperature of the water, can better prepare an indi-
vidual to deal with the risk of drowning. The American
Academy of Pediatrics recommends that children are
generally not developmentally ready for formal swim-
ming lessons until after their fourth birthday.*?

Underlying medical conditions can also
expose an individual to greater risk for drowning.
Individuals with known seizure disorders are especially
at high risk for drowning. Children with epilepsy are
estimated to be at 4 to 14 times greater risk for drown-
ing than children without epilepsy.?* It has been recom-
mended that children with epilepsy should shower
rather than bathe in a tub. Additionally, the literature
indicates that the physically and mentally handicapped
are at greater risk as are those with other illnesses, such
as cerebrovascular accidents, myocardial infarctions,
and cardiac arrhythmias. SCUBA diving and head or spinal cord injury are also associated
with drowning.

[ urning your attention away
from an infant or toddler for
just a brief moment can
result in a drowning incident.
That means pouring a cup of
coffee, answering the phone,
a knock at the door, or
stirring the spaghetti sauce
all can result in disaster.
Complete and total
surveillance and vigilant
supervision is essential.

PATHOPHYSIOLOGY

Drowning can occur in freshwater, which is most frequent, in salt water (sea, brackish), or
in any fluid. The majority (85% to 90%) of drowning victims aspirate fluid into their lungs,
referred to as wet drowning. The volume aspirated is usually small (less than 22 mL/kg)
and often may include vomit, bacteria, and other debris present in the fluid. Victims usually
swallow large amounts of water (liquid) during their struggle to remain afloat, and vomit-
ing with aspiration is a frequent occurrence, especially during resuscitation. The remaining
10% to 15% of drowning victims do not aspirate fluid into their lungs and as noted previ-
ously experience dry drowning. Death without aspiration results from acute asphyxia
thought to be brought about by laryngospasm or prolonged breath holding and subsequent
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hypoxia. Laryngospasm can result when a small amount of fluid enters the region of the lar-
ynx as the victim gasps for air while fully or partially submerged.

Neurological Insult

The hallmark neurological events found in drowning are hypoxia and ischemia. Hypoxia is
an insufficient oxygen supply to a particular tissue of the body. Ischemia results when
blood flow to a tissue or organ system is diminished or when the blood oxygen content is
markedly diminished. In near-drowning incidents the brain may become hypoxic before
cardiac arrest occurs. Blood flow may continue under anaerobic conditions for a period
even after the oxygen supply has been depleted. Most people lose consciousness after
2 minutes of anoxia, and brain damage may occur after 4 to 6 minutes.*

Submersion times as long as 40 minutes* have been reported with full recovery.
These unique incidents are more common in frigid water. The brain-protective effects of a rap-
idly induced hypothermia are more likely to occur in children less than 5 years of age than
adults because they have a greater body surface area to body weight (mass) ratio and can lose
body heat more rapidly. This, combined with ingestion of frigid water, may protect the brain by
decreasing brain metabolism and reducing oxygen requirements before cardiac arrest. An
intact diving reflex*"8 (i.e., breath holding, bradycardia, and peripheral vasoconstriction when
the face is immersed in cold water) is another possible factor contributing to full recovery.

Energy in the form of adenosine triphosphate (ATP) is produced by metabolic
pathways including glycolysis, the tricarboxylic acid (TCA) cycle, and oxidative phospho-
rylation® under aerobic conditions (Figure 10.1). Glycolysis occurs in the cell cytoplasm,
whereas the TCA cycle and oxidative phosphorylation take place in the mitochondria of the
cell. ATP provides energy for many active transport mechanisms that maintain homeosta-
sis (e.g., sodium-potassium pumps, calcium pumps), which are found in cellular mem-
branes.*® Under anaerobic conditions (inadequate oxygenation), the TCA cycle and oxida-
tive phosphorylation no longer function, leaving glycolysis as the major ATP producer.*®
Glycolysis under anaerobic conditions is rapid; however, for a new supply of glucose to be
provided, tissue perfusion must continue. The anaerobic metabolism of each glucose mol-
ecule produces a net of 2 ATP compared to 36 ATP produced when aerobic conditions exist.

Brain cells are strictly aerobic, and during hypoxic conditions, injury can rapidly
occur as oxygen and energy supplies diminish. Active transport mechanisms begin to slow
down or quit working altogether as a result of the diminished supply of energy. Cellular
integrity becomes jeopardized as potassium is lost from within the cell and sodium and cal-
cium flood into it.

Pulmonary Insult

Aspiration occurs in 85% to 90% of near-drowning patients. Pulmonary injury is more fre-
quent in this group than in those who do not aspirate. The volume, type of fluid aspirated,
and components found in the aspirated fluid (e.g., bacteria, emesis) determine the extent of
pulmonary injury.

Fresh water is hypotonic to the blood and is rapidly absorbed into the blood stream
when aspirated. It destroys pulmonary surfactant, thereby increasing surface tension prop-
erties within the lung, which results in atelectasis.*’~>! Seawater is hypertonic to the blood
(approximately 3% saline) and upon aspiration, causes fluid from the blood to flood into the
alveoli. Alveolar collapse occurs as surfactant is washed out and surface tension forces
increase. In either fresh- or saltwater aspiration, the end result is usually a combination of
pulmonary edema and atelectasis.
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FIGURE 10.1 Four major phases of metabolism are schematically illustrated. Phase I: Digestion and
nutrient absorption of fat, carbohydrate, and protein. Phase II: Breakdown of fatty acids, glucose, and
amino acids to acetylcoenzyme A (acetyl5CoA), which can either synthesize—directly or indirectly—fat,
carbohydrate, or amino acids as needed or go on to have more energy extracted from it in phases Il and
IV. Phase IIl: Tricarboxylic acid cycle, where most of the body's carbon dioxide (CO,) is produced, as well as
where most of the molecular energy shuttles (nicotinamide-adenine dinucleotide [NAD], flavin adenine
dinucleotide [FAD]) receive their energy supply (in the form of hydrogen atoms). Shuttles transport energy
to the respiratory chain. Phase IV: Inner mitochondrial membrane, where oxidative phosphorylation occurs
(production of adenosine triphosphate [ATP] in the presence of oxygen) and oxygen is the final acceptor of
the now energy-depleted electrons and hydrogen ions.
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Pulmonary edema and atelectasis both result in ventilation-perfusion (MQ) mis-
matching, intrapulmonary shunting (Qs/QT), a decrease in functional residual capacity, and a
decrease in lung compliance. These abnormalities often lead to refractory hypoxemia.®

Aspirated substances may include mud, sand, bacteria, and gastric contents. Such
substances create inflammatory processes throughout the respiratory tract, resulting in
alveolitis, bronchitis, and pneumonitis when aspirated.

ARDS is a common complication of near drowning and probably results from pul-
monary and microvascular injury associated with aspiration or an inflammatory response
or both. Activated granulocytes can cause alveolar-capillary membrane injury by releasing
lysosomal enzymes and oxygen free radicals. As the alveolar-capillary membrane is dam-
aged, protein-rich fluid can flood the interstitial space, overwhelming the ability of the pul-
monary lymphatics to remove it. If not removed, protein attachment to the alveolar walls
can form hyaline membranes.

Hemodynamic and Electrolyte Effects

Evaluations of near-drowning patients have not demon- -
strated severe electrolyte or hemoglobin abnormalities | \/\/hile the heart and the
with either salt- or freshwater aspiration. This suggests | ungs are vital organ systems
that victims do not swallow or aspirate volumes suffi- | adversely affected by a

cient to cause death through altered electrolyte or | drowning incident, it is the
hemoglobin concentrations. Neither hemoglobin nor | 0rain that sustains the
hematocrit measurements can be used to determine | 10ng-term consequences.
whether fresh or seawater has been aspirated.>® Animal
studies have found that the type of fluid aspirated (hypotonic, isotonic, or hypertonic) is not
important in determining the hemodynamic response to near drowning. Pulmonary vascular
resistance increases and cardiac output decreases with hypoxia, regardless of the tonicity of
the fluid aspirated.>* The heart becomes asystolic with persistent hypoxia.

DROWNING SEQUENCE AND INITIAL
RESCUE (PREHOSPITAL CARE)

In 2004 the United States Lifeguard Association reported 48,514 rescues on the shores of U.S.
beaches,™ with estimates of eight cases of near drowning for each reported death.® The
National Safe Kids Campaign reports that contrary to the notion of splashing and considerable
noise of crying out for help, drowning generally occurs quickly and silently®! and is a horrify-
ing event. The sequence of events has been well documented®” and consists of the following:
(1) panic and immediate struggle, (2) suspension of movement—exhalation of a little air and
frequent swallowing, (3) violent struggle, (4) convulsions—expiration of air and spasmodic
inspiratory efforts with mouth wide open and disappearance of reflexes, and (5) death.%®

The panicked and struggling victim can be dangerous, and it is for this reason that
immediate intervention and rescue should entail adherence to the DRABC algorithm: danger
(o rescuer, bystander, and casualty), response, airway, breathing, and circulation.®® Pia> has
described the instinctive drowning response, where contrary to the popularized depiction dis-
played in the movies, the victim does not wave and cry out for help. Pia goes on to say that
breathing is instinctive and takes precedence, and the following occurs: the victim is typically
in the upright position with arms extended laterally, thrashing and slapping the water; the vic-
tim will submerge and surface several times during this struggling time, and is unable to call
for help. Pia has shown that children can struggle for only 10 to 20 seconds before final
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submersion and that adults may be able to struggle up to
60 seconds.® This is why the would-be rescuer should
take into account the need to protect him- or herself
from this natural tendency for the victim to cling to life
at all cost. Lifeguards are taught to approach the victim
with caution and to use an intermediary object, such as
a torpedo buoy, to assist in the rescue. Once this poten-
tial danger is overcome, the victim must be removed
from the water, the ABCs followed as needed, and initial
assessment begun. The primary aims of out-of-hospital treatment are relief of hypoxia,
restoration of cardiovascular stability, prevention of further heat loss, and speedy evacuation
to the hospital.® Achieving these desired aims requires skillful assessment of clinical features.

['he body's instinctual desire
for self-preservation exposes
the well-intentioned and
noble rescuer to increased
risk. Be prepared to protect
yourself when you assist in a
drowning rescue.

CLINICAL FEATURES

History

The initial assessment of drowning victims should be rapid and directed toward the victim’s
level of consciousness as well as the presence of pulse and respiration. Information from
onlookers can also be very helpful in determining the extent of injury. If possible, the his-
tory should include information regarding the approximate length of time the patient was
submerged, the type of fluid or water in which the victim was submerged, whether vital
signs were present when the victim was removed from the water, the approximate length of
time that transpired between submersion and the initiation of CPR, whether CPR was per-
formed immediately after removal of the victim from the water, how long CPR was per-
formed before vital signs returned, the approximate temperature of the water, the victim’s
age, and any other circumstances related to the near-drowning incident (e.g., diving or
other accident, alcohol ingestion).

Physical Examination

Vital signs may be highly variable in near-drowning victims. Some victims may be in full
cardiac arrest, while others may have a pulse and respirations within normal limits. The
temperature of victims is variable depending on the temperature of the water in which they
were submerged, their body surface area, and the duration of exposure. Hypothermia (less
than 33°C [91.4°F]) can occur within a few minutes of exposure to frigid water, and
although it may improve survival, careful rewarming of the patient is required. The cardiac
effect of near drowning is usually bradycardia, which may be followed by asystole.®
Hypothermia resulting from a near-drowning incident in more temperate regions (with
warmer water temperatures) may indicate a longer submersion time and probably will not
have a positive patient prognosis.

Neurological impairment from hypoxia results in (1) dilated pupils that respond
slowly, or not at all, to light and (2) an impaired sensorium. The head and neck should be
carefully inspected for possible trauma. Some near-drowning victims may have neck
injuries from diving into shallow water. Suspected spinal cord injuries require immobiliza-
tion before transport.

Auscultation over the chest may reveal one or both of the following: wheezing
owing to bronchospasm or foreign-body aspiration and late-inspiratory crackles associated
with atelectasis or pulmonary edema.* The presence of adventitious lung sounds (e.g., coarse
crackles) suggests that the patient has aspirated and is at risk for pneumonia and ARDS.
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The extremities of the near-drowning patient are often cool to the touch as a result
of hypothermia and peripheral vasoconstriction in response to hypotension or sympathetic
outflow stimulated by brain hypoxia. A slow capillary refill is present when peripheral cir-

culation is reduced.

Arterial Blood Gases

Avrterial blood gas (ABG) studies often reveal hypox-
emia (especially when aspiration has occurred) and
metabolic acidosis. The severity of the metabolic aci-
dosis is usually related to the severity of the tissue
hypoxia. Hemoglobin, hematocrit, and electrolyte con-
centrations may decrease when large volumes of fresh
water are swallowed or aspirated. This is the result of
the dilution effects of the water when it enters the cir-
culating blood volume.

T'he respiratory therapist's
(RT's) assessment skills

and knowledge of
cardiorespiratory physiology
become exceedingly valuable
in the decision-making
process and ultimate care of
the drowning victim.

CLINICAL OUTCOMES

While no system can predict outcome with 100% accuracy, several scoring systems aid the ini-
tial assessment of near-drowning victims. Three commonly used systems are the Glasgow

coma scale (GCS),>®% the
Orlowski score,>®*%% and the post-
submersion neurological classifi-
cation system published independ-
ently by Modell and associates®
and Conn and colleagues.®®

The GCS has three cate-
gories; the best response from
each category is determined and
given the numeric value assigned
to that response (Box 10.3).
Scores from each category are
then added for a total score. A
score of 3 is the lowest possible, a
score of 7 or less indicates coma,
and a score of 14 indicates full
consciousness. Prognosis is then
based on the initial GCS examina-
tion. Near-drowning patients with
an initial GCS of 4 or less have an
80% chance of dying or having
permanent neurological seque-
lae.®* Patients with a GCS of 6 or
higher have a very low risk for per-
manent neurological sequelae or
mortality. Patients with a GCS of
at least 13 can be safely discharged
from the emergency department
after 4 to 6 hours of observation if

Box 10.3 Glasgow Coma Scale*

Eye Opening

1. None

2. To pain

3. To speech

4. Spontaneous

Best Verbal Response

1. None

2. Incomprehensible
3. Inappropriate

4. Confused

5. Oriented

Best Motor Response

1. None

2. Extension (decerebrate)
3. Flexion (decorticate)

4. Localizing pain

5. Obeying commands

*The Glasgow coma scale scores the patient's best response from

each category. The numeric value to the left of each chosen response

is then added together for all three categories for a total value. A
total score less than 7 indicates presence of coma, whereas 14
signifies full consciousness.

SOURCE: From Orlowski, J: Drowning, near-drowning, and ice-water
submersions. Pediatr Clin North Am 34(1):75, 1987, with permission.
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Box 10.4 Orlowski Score* they have a normal oxygen satura-
tion on room air and a normal pul-
: inatinn 66
Unfavorable Prognostic Factors monary examination.™
The Orlowski score®®:-¢2
1.Age<3years _ is based on evidence of unfavor-
2. Estlmated.sut?mersmn time longer than 5 minutes able factors related to the patient’s
3. No re.susct|tat|ve measure attempted for at least recovery (Box 10.4). It uses a
10 minutes . :
. ' scoring system that includes age
4. Patient comatose upon arrival at the emergency .
room less than three years, duration of
5. Arterial blood gas pH <7.10 submersion greater than 5 minutes,
resuscitation attempts delayed for
*The Orlowski score is determined by the number of unfavorable more than 10 minutes after inci-

factors listed that apply to the near-drowning victim. Lower scores dent, presence of coma on arrival

are prognostic of a more favorable outcome.
to emergency department, and
SOURCE: From Orlowski, J: Drowning, near-drowning, and ice-water 9 Yy p

submersions. Pediatr Clin North Am 34(1):75, 1987, with permission. arterial p_H less _than or equal to
7.1.2 Patients with two or fewer

unfavorable prognostic factors have a 90% chance of a good recovery, compared to a 5%
chance in patients with three or more unfavorable factors.

In 1980 Modell and associates® and Conn and colleagues® independently pub-
lished a postsubmersion neurological classification system based on the near-drowning
patient’s initial level of consciousness with A = alert; B = blunted, and C = comatose (Box
10.5). Conn and colleagues subcategorized the coma group, whereas Modell did not.
Cerebral damage may cause decorticate posturing upon (painful) stimulation, in which the
arms, wrists, and fingers are bent upon themselves (flexed) and pulled inward toward the
body (adducted). The legs are rigidly kept in a straight position (extension) and feet are
rotated inward. Damage to the brain stem may result in decerebrate posturing upon stimu-
lation, in which the arms are extended and rotated inward, while the spine, legs, and feet are
rigid and hyperextended.

All patients in one retrospective study with an admission assessment of category
A (Box 10.5) survived without complications.% Of the category B patients, 90% survived
with complete recovery, but 10% died. Of category C patients, 55% completely recovered,
but 34% died and 10% had permanent neurological sequelae.

Except for those recovered from frigid waters, near-drowning victims with sub-
mersion times greater than 10 minutes and an initial resuscitation lasting longer than

Box 10.5 Postsubmersion Neurological Classification System*

Category Description

A Awake Alert, fully conscious, and oriented

B Blunted Blunted consciousness, lethargic but rousable; purposeful response to pain
C Comatose Not arousable; abnormal response to pain

C, Decorticate flexion in response to pain

G, Decerebrate extension in response to pain

(6N Flaccid or no pain response

*By Modell and Conn. Prognosis is determined by category, with those in categories A and B having an excellent
prognosis. Prognosis worsens in category C according to the depth of coma.

SOURCE: From Conn A, et al: Cerebral salvage in near-drowning following neurological classification by triage.
Can Anaesth Soc J 27(3):201, 1980, with permission.
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25 minutes are predicted to have a poor prognosis
(persistent vegetative state or death).5” One group pre-
dicted a poor outcome in patients with nonreactive
pupils in the emergency department and a GCS of 5 or
less upon arrival to the intensive care unit (ICU).%
Another group reported poor outcome in comatose
patients with absent pupillary light reflex, patients
with an increase in initial blood glucose, and male
patients.%® One report recommended that a neurologi-
cal examination be performed 24 hours after the submersion to predict satisfactory versus
unsatisfactory outcome. They found that all survivors who were awake and making pur-
poseful movements 24 hours postimmersion had normal neurological function or mild
deficits, whereas those who remained comatose died or had severe neurological deficits.”
Another report suggested that prolonged in-hospital resuscitation and aggressive treatment
of victims who lack vital signs and who are not hypothermic (less than 33°C [91.4°F]) is
usually unsuccessful.”

A dismal or gloomy
neurological picture should
not deter the RT from
aggressively and persistently
providing care. Many
variables are at play in
long-term disposition.

TREATMENT

Basic life support’ and activation of the emergency medical services (EMS) system should
begin as soon as possible. The rescuer should carefully open the victim’s airway and, if
there is no breathing, perform rescue breathing, initially giving two slow breaths. If the
apneic victim cannot be rapidly removed from the water, rescue breathing should be
attempted in the water. Assessment for a heartbeat should be done when the victim is either
brought to shore or placed on a flotation device large enough for both the rescuer and the
victim. Chest compressions performed in the water will not restore brain perfusion and
should not be attempted until the victim is ashore or placed on a flotation device. If the vic-
tim is recovered from cold water, the recommended pulse check should take up to 1 minute>™
to rule out bradycardia or a faint heartbeat. Chest compressions started in haste can result
in ventricular fibrillation and can actually decrease cerebral perfusion. The victim should
be transported to a medical center as soon as possible.

Do not perform the Heimlich maneuver unless an airway obstruction is present.
A drowning victim may swallow a large amount of water, and the Heimlich maneuver can
result in vomiting and aspiration of the stomach contents. If breathing spontaneously, the
drowning victim should be placed and transported in the right lateral decubitus position,
with the head lower than the trunk to reduce the risk of aspiration. If rescue breathing is
performed, cricoid pressure should be applied when possible to limit the risks of gastric
aspiration.® Additionally, it is generally accepted that rewarming be commenced immedi-
ately with the use of blankets; warmed intravenous fluids; warmed gastric, bladder, or peri-
toneal lavage; and hemodialysis.

Health-care practitioners at the hospital should prepare appropriate equipment in
anticipation of the near-drowning victim’ arrival. Equipment for intubation needs to be
present, including laryngoscope, an assortment of blades, various tube sizes, stylets, Magill
forceps, syringe to check cuff patency and for cuff inflation, equipment for suctioning, tape
to secure the endotracheal tube, and an appropriate bag-valve-mask device. An ABG kit
should be available, as well as appropriate gowning provisions for universal precautions.

Treatment for near-drowning patients is based on initial assessment and catego-
rization. The following summary is based on the postsubmersion neurological classifica-
tion system.
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Category A (Awake)

The neurological status of these patients is alert and awake with a GCS of 14, indicating
minimal hypoxic injury. These patients should be hospitalized and placed under continuous
observation for 12 to 24 hours to allow early intervention should pulmonary or neurologi-
cal deterioration occur. Laboratory evaluation should include a complete blood count
(CBC), serum electrolytes, chest radiograph, ABG, sputum cultures, blood glucose levels,
and clotting times. A drug toxicological screen may also be necessary. A radiograph of the
cervical spine should be obtained if there is a possibility of neck injury.

Treatment for this group is primarily symptomatic. Oxygen is delivered as needed
via cannula or mask to maintain a Pao, above 60 mm Hg. An incentive spirometry device
(volume type) may be helpful. Foreign-body aspiration can be evaluated by chest radiograph.
Bronchospasm can be treated with aerosolized beta-agonist agents. IV access is important for
fluid and electrolyte management and allows rapid intervention should deterioration occur.

Neurological deterioration may result from:

e Hypoxemia owing to worsening pulmonary condition
e An increase in intracranial pressure (ICP) caused by hypoxic injury
e Drug ingestion before the event

If the patient is stable and no neurological or pulmonary deterioration has
occurred within 12 to 24 hours, the patient may be discharged. Physician follow-up within
2 to 3 days after discharge is strongly recommended to evaluate the patient for a potential
pulmonary infection.

Category B (Blunted)

The neurological status of these patients is obtunded, or semiconscious but rousable. GCS is
usually 10 to 13, indicating a more serious and prolonged episode of asphyxia. They have
purposeful pain responses, normal respirations, and normal pupillary reactions. They may be
irritable and combative. After resuscitation and initial evaluation in the emergency depart-
ment, these patients should be placed in the ICU with close attention paid to any changes in
neurological, pulmonary, or cardiovascular status. The hospital stay for category B patients is
usually longer than that for category A patients. All testing and treatment mentioned earlier
for category A patients should be implemented for category B patients. Blood, sputum, and
possibly urine cultures should be performed initially and as indicated by signs and symptoms.
Vitamin K administration may improve clotting times. Antibiotics should be implemented
only when culture specimens show bacterial growth other than normal flora. Changes in the
patient’s neurological status can occur rapidly, and a normal routine for head injury should be
followed. Pulmonary edema, intractable metabolic acidosis, and a prolonged resuscitation
period generally indicate severe hypoxia (except in patients found in cold water). Hypoxemia
may become refractory to increased inspired oxygen concentrations. Continuous positive air-
way pressure (CPAP) delivered via mask or mechanical ventilator may be necessary to main-
tain a Pao, of greater than 60 mm Hg or an Spo, of greater than 90%. Fluid restriction may
be necessary, but serum osmolality should not exceed 320 mOsm/liter.

Category C (Comatose)

These severely ill patients are unarousable. The GCS is less than 7. Treatment should ulti-
mately be directed toward maintaining normal oxygenation, ventilation, perfusion, blood
pressure, blood sugar, and electrolyte levels.
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Limited animal studies on brain resuscitation bring potential new hope for sal-
vaging comatose patients with severe anoxic episodes.”*®” The goals of brain resuscitation
are to prevent increases in ICP and to preserve brain cells that are viable but nonfunctional.
Treatment may include use of hypothermia, hyperventilation, calcium channel blockers,
barbiturates, muscle relaxation or paralysis, etomidate, and fluorocarbon infusions.
Unfortunately the results of brain resuscitation have been mixed, and the therapies remain
controversial.® Some of these offer brain protection when applied before the hypoxic event,
but not after, as in the near-drowning patient. A serious ethical issue is whether brain resus-
citation improves postresuscitation quality of life or merely prolongs the dying process by
creating a larger population of patients in a persistent vegetative state.

The following sections are based on Conn and colleagues’ brain resuscitation rec-
ommendations.®® They used the term hyper because seriously brain-injured patients are fre-
quently hyperhydrated, hyperventilating, hyperpyrexic, hyperexcitable, and hyperrigid.

Hyperhydration

The hyperhydrated state may contribute to an increase in both ICP and pulmonary edema.
In an attempt to control both, diuretics are usually implemented. Hemodynamic monitor-
ing is used to avoid excessive fluid restriction that may lead to renal insufficiency and fail-
ure. Small doses of dopamine (less than 5 mg/kg/minute) act on dopaminergic receptors in
the kidneys to increase renal perfusion and possibly urine output. Diuresis should not drive
the serum osmolality above 320 mOsm/liter. Invasive hemodynamic monitoring requires
use of a pulmonary artery catheter for monitoring central venous, pulmonary artery, and
wedge pressures. Arterial lines may also be necessary if blood pressure is unstable or fre-
quent ABG measurements are needed.

ICP monitoring was widely used during the 1980s to control or prevent increases
in ICP. It is now most commonly used for patients in categories A or B who show signs of
mental and neurological deterioration. It is hoped that hyperventilation, osmotic diuretics,
and thiopental will reverse the cerebral edema resulting from ischemia. Unfortunately, suc-
cessful control of ICP does not ensure survival with normal brain function.%-

Hyperventilation
Patients requiring mechanical ventilation should be hyperventilated and Paco, kept
between 25 and 30 mm Hg. Cerebral vascular resistance is controlled by the arterioles,
which respond to changes in Paco,. Hyperventilation causes cerebral vasoconstriction and
can lower ICP. A patient’s tidal volume (V5) can be set in the range of 10 to 15 mL/kg at a
rate necessary to achieve the appropriate reduction in Paco,. ICP can also be somewhat
relieved by elevating the head of the patient’s bed by 30 degrees and keeping the patient’s
head midline.

Oxygen delivery to the tissues is an important goal in patients with more extensive
lung involvement. Maintaining an arterial oxygen saturation (Sao,) of greater than 96%
(Pao, of 100 mm Hg) is ideal, but not always possible. Positive end-expiratory pressure
(PEEP) is a valuable adjunct for achieving adequate oxygenation (Pao, greater than
60 mm Hg) when refractory hypoxemia is present. In adults and older pediatric patients,
PEEP levels should be increased by increments of 5 cm H,O until acceptable oxygenation
is achieved. Smaller changes in PEEP should be made in younger patients.

Hyperpyrexia
Hypothermia (body temperature 29°C to 31°C [86°F to 88°F] or less) is known to protect
the brain when induced before cerebral hypoxia. However, it has not improved neurological
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outcome in patients who have already sustained cerebral hypoxia and can induce other
complications, such as suppression of normal immune response, a left shift in the oxyhe-
moglobin dissociation curve, and cardiac dysrrhythmias. Normothermia should be main-
tained via antipyretics and a cooling mattress when fever is present, since fever increases
oxygen consumption.

Hyperexcitability

Barbiturates are thought to bring about reduction of ICP via cerebral vasoconstriction, sup-
pression of seizure activity, and reduction of cerebral metabolic rate. Thiopental is probably
the only barbiturate that may remove oxygen free radicals. Induction of a barbiturate coma
has not been shown to improve survival or neurological outcome in near-drowning patients
with severe deficit and may enhance cardiovascular instability. Barbiturate coma is no longer
a part of the recommended treatment because of these problems.®*-2 Barbiturates are used,
however, to control seizure activity. Steroid use was also advocated in near-drowning treat-
ment in the hope of controlling ICP. Subsequent studies
have shown steroids to be an ineffective treatment for
postanoxic near-drowning patients. Steroid use may
also inhibit normal immune responses to bacterial
infection, resulting in a higher risk of sepsis.®®?

|t's not just the RTs'
adeptness with basic cardiac
life support (BCLS) and
advanced cardiac life support
(ACLS) that provides value in
the care of the drowning
victim but their unique
knowledge and ability to

Hyperrigidity
Decerebrate and decorticate rigid posturing are signs of
raised ICP (cerebral or brain stem damage or both). ICP

institute mechanical
ventilation and end expiratory
pressure therapy that position
them as key members of the
health-care team.

may be elevated as a result of brain swelling caused by
hypoxia, mechanical ventilation, and PEEP; coughing;
and the Trendelenburg position. Suctioning procedures
may elevate ICP for as long as 30 minutes. ICP might be
reduced in patients requiring mechanical ventilation

with sedation and use of paralytic agents.

PROGNOSIS

Idris and associates determined that factors associated with prognosis and outcome of
drowning can be categorized as either victim-related, incident-related, or identified at hos-
pital admission. Victim-related factors include being male, being African American, the
presence of a seizure disorder, and the use of alcohol or illicit drugs. Incident-related fac-
tors associated with death or bad outcome include failure to receive immediate resuscita-
tive effort at the scene, prolonged duration of submersion, warm water conditions, and
acute resuscitative efforts lasting longer than 25 minutes. Factors identified upon entry to
the emergency department that are likely to produce poor or undesirable outcomes include
prolonged unconsciousness, elevated serum glucose, hypothermia, and signs of brain stem
dysfunction, such as absent
pupillary reflex and absent spon-
taneous respiration.*®

Moon and Long identi-
fied good prognostic signs and
poor prognostic indicators for
victims arriving in the emergency

Box 10.6 Good Prognostic Signs Upon Arrival in the ED

® Short submersion time
* Spontaneous respiration and heartbeat
® Glasgow coma scale >5
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department. Their results are Box 10.7 Poor Prognostic Indicators Upon Arrival in
listed in Boxes 10.6 and 10.7.%® the ED

While these indicators provide
an approximate assessment of ® Submersion duration >25 minutes

an individual’s prognosis, some ® Resuscitation time >25 minutes

patients with numerous bad prog- * Ventricular tachycardia or fibrillation on initial ECG
nostic indicators have survived * Fixed and dilated pupils on initial evaluation, GSC <5
and all authors suggest that these | ° Severe acidosis (arterial ph <7)

indicators should not be used as | ~/\Pne® bsent heartbeat

criteria to withdraw or withhold

treatment.*®

PREVENTION

The literature is filled with commentary regarding the highly preventable nature of near
drowning because some experts estimate that 80% of all drowning cases could have been
prevented.®® Salmonez and Vincent? suggested that preventive strategies for accidental
drowning fall into one of two categories: human factors and site-specific factors. The
human factors include inadequate supervision and/or less than complete surveillance,
swimming ability and survival skills, use and abuse of alcohol, training in CPR, presence
of lifeguards, and proper use of life jackets. Site factors include removing hazards and
creating barriers or layers of safety. Specific site factors include draining unnecessary
accumulations of water (such as tubs and buckets), implementing and enforcing manda-
tory isolation fencing (four-sided, at least 4 feet high, with no more than 4-inch gaps
between slats), use of pool alarms, self-closing and self-latching gates, and installation of
poolside phones to eliminate the need to leave the
pool area as well as for use in emergency situations.
Box 10-8 provides a list of common preventive
strategies.

In a survey of members of the American
Academy of Pediatrics by O’Flaherty and Pirie'!, the
authors reported that most pediatricians do not rou-
tinely provide information (writ-
ten materials) or anticipatory Box 10.8 List of Common Preventive Strategies
guidance to their patients or

| ike so many other
cardiopulmonary conditions,
drowning is a highly
preventable event. It simply
doesn't have to occur!

their patients’ parents on drown- Human factors:

ing prevention. The Academy e Supervision and/or complete surveillance
recognizes the power and influ- * Swimming ability and survival skills
ence it holds in the patient- | ®Alcohol

® Training in CPR
® Presence of lifeguards
® Proper use of life jackets

Site factors:

* Draining unnecessary accumulations of water
* Installation of isolation fencing

physician relationship and also
its strong history of child advo-
cacy. It recognizes the criticality
of incorporating education in
pediatric practice and recom-
mends drowning preventive » Use of poollalanms

strategies become a priority and e Self-closing and self-latching gates

be appropriately addressed in all * Installation of poolside phones
routine visits.




Copyright © 2007 by F. A. Davis.

238 Chapter 10 Near Drowning

HISTORY

Baby B is a 13-month-old white male infant found upside down with face submerged and
upper torso stuck in a bucket in his grandparents' washroom. The infant was missing for
approximately 5 minutes. The infant's mother immediately began mouth-to-mouth resusci-
tation and he responded after four to five breaths. He began breathing spontaneously, cried,
and vomited a large amount of water. He was taken to the local emergency medical serv-
ices facility, where he was alert, active, and crying. His initial ABG analysis on room air was
pH 7.34, Paco, 34 mm Hg, Pao, 51 mm Hg, Sao, 84%, HCO,~ 19 mEq/liter, and base excess
(BE) +2 mEq/liter. His temperature at that time was 38.8°C (101.8°F) (rectally), and chest
auscultation revealed bilateral coarse crackles.

The patient was given oxygen by cannula and was warmed with blankets.

QUESTIONS ANSWERS
1. What factor(s) contributed to The primary factor was a lapse in adult supervision.
this infants near drowning? Being inquisitive and adventuresome at this young
age exposes a child to increased risk for a submer-
sion incident.

2. Interpret the acid-base and oxy-  His acid-base status is consistent with a partially
genation status of this patient's ~ compensated metabolic acidemia. The metabolic
initial ABG. What accounts for acidosis is probably the result of lactic acidosis
the acid-base abnormality? from anaerobic metabolism. He is moderately

hypoxemic on room air.

3. What could be the cause of the  The coarse crackles are most likely due to aspiration.
coarse crackles?

‘I'A{ More on Baby B

PHYSICAL EXAMINATION

® General. Height 88 cm, weight 10.87 kg; patient alert, cooperative, oriented, and in no
acute respiratory distress

e Vital Signs. Rectal temperature 35.8°C (96.4°F), pulse 156/min, respiratory rate 46/min,
blood pressure 98/58 mm Hg, mean arterial pressure 72 mm Hg

e HEENT. Normocephalic; atraumatic; pupils equal, round, reactive to light and accommo-
dation (PERRLA); sclera and conjunctiva nonicteric; nasopharynx showing nasal crusting,
no nasal flaring; oropharynx clear; tympanic membranes showing erythema on left with a
decreased light reflex on the right with some cerumen; head circumference 47.4 cm

® Neck. Supple, full range of motion without rigidity or tenderness
® Lungs. Coarse crackles anteriorly and posteriorly on auscultation of the lower lung fields
e Heart. Regular rhythm and normal S; and S,; no murmurs, gallops, or rubs

® Back. Straight, without presacral edema or gross abnormalities
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e Extremities. Full range of motion with ++ pulses and normal reflexes

e Skin. Warm and pink

® Neurological. Patient is alert and oriented; cranial nerves Il through XII fully intact;
motor and sensory examination within normal limits.

QUESTIONS

ANSWERS

4. Based on the initial evaluation,
what GCS would you give Baby
B? What Orlowski score would
you give him? Under what cate-
gory would he be placed
according to the Conn-Modell
postsubmersion neurological
classification system?

5. Based on these evaluation
methods, what is Baby B's
prognosis?

His GCS score is 14; his Orlowski score shows only
one unfavorable prognostic factor (age <3 years);
and his postsubmersion neurological classification
is category A.

His prognosis is 100% full recovery without neuro-
logical deficit, although pneumonia and sepsis are
possible and could be life threatening.

‘:i More on Baby B

Laboratory Evaluation

CBC

White blood cell (WBC) count
Red blood cell (RBC) count
Hemoglobin (Hb)

Hematocrit (Hct)

Platelets

Differential

Segmented neutrophils
Bands

Lymphocytes
Monocytes

Electrolytes

Na*

K+

CI-

Total CO,

Blood urea nitrogen (BUN)
Creatinine

Value

14.9 X 10°/mL
4.41 X 108/mL
12.0 g/dL
34.7%

480 X 10%/mL

33%
47%
19%
1%

Value

133 mEq/liter
3.6 mEq/liter
106 mEq/liter
18 mmol/liter
6 mg/dL

0.4 mg/dL

(box continued on page 240)
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ABGs on 2 liters/minute

ABG Value

pH 7.37

Paco, 33 mm Hg
Pao, 73 mm Hg
Sao, 949%

Cao, 13.7 vol%
HCO,;~ 19 mEgq/liter
BE 25 mEq/liter
Hb 10.7 g/dL

Chest Radiograph: Patchy opacifications in both lower lobes with the left clearer than the right,
consistent with bibasalar subsegmental atelectasis. Mild central pulmonary congestion and
interstitial edema consistent with noncardiogenic interstitial pulmonary edema (Figure 10.2).

FIGURE 10.2 This radiograph is consistent with mild noncardiogenic interstitial pulmonary edema. Note the
elevation of the left hemidiaphragm resulting from subsegmental atelectasis.
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QUESTIONS ANSWERS

6. Interpret the ABG analysis. The acid-base status is consistent with a completely
compensated metabolic acidosis. There is mild
hypoxemia on 2 liters/min.

7. Electrolytes show a diminished The drop in Na™ is most likely due to dilutional
Na*. What might be the cause?  hypervolemia resulting from swallowing large

amounts of water. Dilution may also occur from

aspiration and absorption of water through the

lungs.
8. What pathophysiology might The Paco, is low, ruling out hypoventilation as a
account for the hypoxemia? source of hypoxemia. The Pao, response to supple-

mental oxygen would help determine whether the
hypoxemia is due to V/Q mismatching (which is
associated with an improved Pao,, as in this case)
or shunt (which would not be associated with an
improved Pao,).

9. How soon could Baby B return The patient is stable and can be discharged after 12
home, and what follow-up is to 24 hours of observation if he continues to
necessary? improve and shows no signs of lung complications.

He should be reevaluated after 2 to 3 days in the
outpatient clinic.

10. What preventive measures could ~ Complete surveillance and/or constant and
have been employed to decrease  immediate supervision. Education by the family

the likelihood of this event? pediatrician may also have proven helpful in
warning family members of the possibility of this
event.
HISTORY

Child N is a 2-year-old African-American male who had been missing for 10 to 15 minutes
and was found floating face down under the solar cover of a neighbor's above-ground
swimming pool. He was unresponsive upon removal from the pool.

QUESTIONS ANSWERS

1. What factors contributed to this  The primary factor was a lapse in adult supervision.
child's near drowning? Black males in this age bracket are at greater risk
for drowning, and toddlers in general tend to be
more inquisitive and adventuresome, which can
expose a child to increased risk for a submersion
incident.
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2. What treatment is indicated, and
when should it be implemented?

3. Should the Heimlich maneuver
be implemented? Why or why
not?

‘.ﬁ More on Child N

The ABCs of CPR should be started immediately, as
follows:

a. Determine unresponsiveness by shaking and
shouting. Call for help! Open the airway.

b. Evaluate whether breathing is present by look-
ing, listening, and feeling for breathing. Give
two full breaths if the victim is apneic.

c. Assess whether circulation is present by moni-
toring pulse for 5 to 10 seconds; if there is no
pulse during this interval, begin chest compres-
sions. Continue CPR at a ratio of chest com-
pressions to ventilations of 5:1. If this had been
an adult victim, the ratio of chest compressions
to ventilations would have been 15:2. Activate
the EMS system as soon as possible!

The Heimlich maneuver should not be implemented
at this time. It is used only when complete airway
obstruction is present. Near-drowning patients fre-
quently swallow large quantities of water, and the
likelihood of vomiting and aspiration is increased
when the Heimlich maneuver is performed.

One family member starts CPR while another activates EMS. The paramedics arrive shortly
thereafter and take over CPR. Child N is transported to the nearest facility, arriving there
within 20 minutes from the time of initial discovery.

QUESTION

ANSWER

4. What airway preparations
should you make before the
patient arrives?

Make the following preparations:

a. Ensure that the appropriate intubation equip-
ment is in good working condition: laryngo-
scope with various blade sizes (straight and
curved), endotracheal tubes (cuffed and
uncuffed), batteries, replacement bulbs for the
blades, stylet, tape, Magill forceps, syringe for
cuff inflation, nonpetroleum-base lubricating
gel. Once the tube size is determined, if there is
a cuff, determine cuff integrity by inflating and
then removing the air. Insert stylet and lubri-
cate the distal end of the tube.

b. Ensure that appropriate suctioning equipment is
present (wall or portable suction device, reservoir,
tubing, suction catheters, Yankauer's suctioning
device) and is in good working condition.



Copyright © 2007 by F. A. Davis.

Prevention 243

c. Ensure that an appropriate bag-valve-mask
device with a face mask assortment and an
adequate 100% oxygen source is available and
working.

d. Ensure that appropriate equipment is available
for drawing arterial blood for ABG analysis.

e. Gown as appropriate for universal precautions.

‘l': More on Child N

Child N remains in full arrest upon arrival to the facility. The initial ABG with CPR in progress
and the patient on 100% oxygen by bag-valve-mask device shows the following: pH 6.69,
Paco, 55 mm Hg, Pao, 70 mm Hg, BE-30 mEq/liter, and plasma HCO,~ 7 mEq/liter. He is
orally intubated with a 4.5-mm-diameter endotracheal tube and given one dose (0.2 mg IV)
of epinephrine and 2 mEq of sodium bicarbonate (NaHCO,). CPR continues, and after

10 minutes, a second round of drug therapy is administered.

QUESTIONS

ANSWERS

5. Interpret the initial ABG.

6. What treatment is indicated by
the ABG results?

7. After intubation, what should be
done to determine endotracheal
tube placement?

The acid-base status is consistent with a severe
combined respiratory and metabolic acidemia. The
oxygenation status is consistent with mild hypox-
emia despite manual ventilation with 100% oxygen.

The extreme acidemia indicates the need for
NaHCO; administration. The elevation of the Paco,
indicates the need to increase alveolar ventilation.

Assessment of endotracheal tube position can be
done by auscultating the lungs for equal, bilateral
breath sounds; by checking the linear measurement
of the tube at the lip to determine how far it was
inserted; and by reviewing the chest radiograph to
assess proper tube placement. The right mainstem
bronchus is shorter, wider, and straighter than the
left mainstem bronchus, so the endotracheal tube
will usually enter the right side if it is inserted too
far. Intubation of the right mainstem bronchus usu-
ally leaves the left lung without ventilation and
breath sounds.

‘.“;i More on Child N

Child N remains asystolic in the emergency department for about 1 hour. He requires several
doses of epinephrine, NaHCO,, and atropine. A nasogastric tube is inserted and 15 mL of clear
fluid removed. The advanced cardiac life support measures restore Child N's heartbeat. An
ABG is performed while he is receiving 100% oxygen via manual resuscitator. Results are as
follows: pH 7.02, Paco, 11 mm Hg, Pao, 464 mm Hg, BE-26 mEq/liter, and HCO,~ 3 mEq/liter.
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After resuscitation, Child N's initial temperature is 34.4°C (94.0°F) rectally; respirations
are sporadic, requiring assistance; pulses range from 80 to 130/min; blood pressure varies
from 99/25 to 134/69 mm Hg; and pupils are 4 mm and react sluggishly to light. Child N is
unresponsive to stimuli (i.e., without eye opening, without verbal response) and exhibits
decorticate posturing. His initial glucose level is 744 mg/dL. Initial electrolytes reveal the fol-
lowing: Na™ 118 mEg/liter, K™ 3.6 mEq/liter, CI~ 92 mEq/liter, total CO, less than 5 mmol/liter,
BUN 18 mg/dL, and creatinine 0.9 mg/dL. His initial CBC reveals the following: WBCs 7.2 X
103/mL, RBCs 4.5 X 108/mL, Hb 12.2 g/dL, Hct 35.6%, and a differential morphology showing
segmented neutrophils 22% and lymphocytes 78%. Warming measures are started, and Child
N is transported to a tertiary care facility. The initial chest radiograph shows proper endo-
tracheal tube placement; bilateral fluffy infiltrates, more extensive on the left, consistent with
noncardiogenic pulmonary edema; and a right-sided pleural effusion. The heart is normal in
size, and the tip of the nasogastric tube is seen in the fundus of the stomach (Figure 10.3).

FIGURE 10.3 This radiograph is consistent with noncardiogenic pulmonary edema with
probable right-sided pleural effusion.
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ANSWERS

8. What GCS score would you give

Child N? What Orlowski score
would you give him? Under
what category would you place
him according to the Conn-
Modell postsubmersion neuro-
logical classification system?

9. What is Child N's prognosis?

10.

12.

“% More on Child N

What do his initial electrolytes
and CBC reveal, and what is the
most likely cause of these
results?

. What is indicated by the bilateral
fluffy infiltrates and normal heart
size on his chest radiograph?

Should life support efforts be
continued?

His GCS is 5. His Orlowski score shows four unfavor-
able prognostic factors (see Box 10.2). His postsub-
mersion neurological classification category is C;.

According to the Conn-Modell system, there is
approximately a 34% chance of mortality and a
55% chance of full recovery.

His electrolytes reveal hyponatremia and
hypochloremia, which are likely caused by dilu-
tional hypervolemia resulting from swallowing
and aspirating water. The diminished total CO, is
consistent with marked acidemia. His CBC reveals
mild anemia, again consistent with dilutional
hypervolemia.

The radiography results are consistent with aspira-
tion or noncardiogenic pulmonary edema.

Yes, resuscitation should continue because there is
a chance of full recovery.

PHYSICAL EXAMINATION

® General. Weight 35 pounds; patient responsive to deep pain only; difficult to assess
secondary to decorticate movements involving all extremities, head, and trunk

e Vital Signs. Temperature 36.7°C (98.1°F), heart rate 169/min, respiratory rate 28/min by
manual resuscitation, blood pressure 140/90 mm Hg

e HEENT. Head normocephalic, atraumatic; patient unable to focus; pupils sluggishly reac-
tive, 4 mm, sclerae not icteric or injected; ears showing normally shaped pinna, auditory
canals patent, tympanic membranes clear, without sign of infection; nose without nasal

® Neck. No adenopathy or thyromegaly

discharge; patient intubated

e Heart. Regular rate and rhythm; normal S;, S,, without gallop

® Lungs. Coarse crackles heard throughout chest

e Abdomen. Soft, nondistended; no spleen tip or other masses palpated

e Back. Intact; no spina bifida, hair tuft, or sacral dimple

e Extremities. Pulses barely palpable in axillae, carotids, and femoral arteries; nail beds dusky
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e Skin. Very poor perfusion, cool to the touch; no rashes noted on examination; no signs of

trauma

® Neurological. Responds to deep pain only; hyper-reflexic deep tendon reflexes; decorti-

cate posturing

QUESTIONS

ANSWERS

13. What is the significance of the
sluggish pupils?

14. What is the significance of
dusky nail beds?

The sluggish pupils indicate an impaired neurological
function that may be due to the hypoxic event.

The dusky nail beds indicate poor cardiac output,
poor peripheral perfusion, or hypothermia. In this
case shock and poor cardiac output are the most
likely causes.

‘:i More on Child N

Ventilator settings are intermittent mandatory ventilation (IMV) at a rate of 20/min, Fio,
0.70, V; 170 mL, and PEEP 5 cm H,0. An ABG taken on these parameters reveals pH 7.42,
Paco, 30 mm Hg, Pao, 75 mm Hg, BE-4 mEq/liter, HCO,~ 19 mEq/liter.

During the first 8 hours, Child N's intake is 282 mL and output 497 mL. After 12 hours,
his neurological status improves, showing some purposeful movements, pupils 4 mm bilater-
ally and reactive, purposeful response to pain, and occasional back arching. Breath sounds
are improved. An electrocardiogram (ECG) shows a regular rate and rhythm. A foul-smelling,
bloody discharge from his rectum is thought to be consistent with a compromised gastroin-

testinal tract caused by severe ischemia.

Laboratory Evaluation

Electrolyte Evaluation
Measure

Na*

K+

ClI™

Total CO,

BUN

Creatinine
Glucose

Serum osmolality

CBC

WBC

RBC

Hb

Het

Platelet count

Prothrombin time

Partial thromboplastin time

Value

133 mEq/liter
3.3 mEq/liter
105 mEq/liter
19 mol/liter

20 mg/dL

0.5 mg/dL

181 mg/dL

273 mOsm/liter

Value

5.6 X 10°/mL
Within normal limits
14.7 g/dL

42.8%

368 X 10%/mL

13.3 seconds

32 seconds
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ANSWERS

15.

16.

17.

18.

Which data indicate persistent
metabolic acidosis?

How would you interpret the
ABG?

Why is the serum Na™ rising?

What changes in ventilator
parameters would you make,
if any?

The parameters that indicate persistent metabolic
acidosis include BE — 4 mEq/liter, HCO,~ 19 mEq/liter,
and total CO, 19 mmol/liter.

The acid-base status is consistent with a completely
compensated metabolic acidosis. There is mild
hypoxemia on an Fio, of 0.70 and a PEEP of 5 cm
H,0. The calculated Cao, is 18.5 vol%, which is
within normal limits.

The hyponatremia is resolving as diuresis occurs,
ridding the body of the excess fluids.

If tolerated, an increase in PEEP might improve his
Pao, and allow the Fio, to be decreased below 0.50.
This would reduce the risk of oxygen toxicity.

“% More on Child N

On the 14th hour of hospitalization, there is a sudden drop in the pulse oximeter saturation,
accompanied by an increase in pulse and respiratory rate. The patient begins fighting the
ventilator and is paralyzed. Auscultation reveals his breath sounds to be markedly dimin-

ishe

d on the left side.

QUESTIONS

ANSWERS

19.

20.

What are possible causes of the
sudden fall in the pulse oxime-
ter saturation, increase in pulse
and respiratory rate, and
decreased breath sounds on the
left side?

What should be done to confirm
the cause and treat it?

Causes of the sudden deterioration might include
advancement of the endotracheal tube into the
right mainstem bronchus, pneumothorax, or
obstruction of the left mainstem bronchus by
mucus and debris.

Check the position of the endotracheal tube to
determine if it has slipped. If so, reposition it and
auscultate for equal bilateral breath sounds. Obtain
a chest radiograph immediately to confirm endotra-
cheal tube position and rule out pneumothorax and
atelectasis. Pneumothorax may be corrected by
chest tube placement. Mucus plugging can usually
be corrected by chest physical therapy and postural
drainage. Bronchoscopy may be used if these tech-
niques fail to reverse the atelectasis.



Copyright © 2007 by F. A. Davis.

248

“ﬂ Child N Conclusion

Chapter 10 Near Drowning

Child N's chest radiograph reveals a moderate-sized pneumothorax on the left side with
pneumomediastinum. The bilateral diffuse pulmonary edema is essentially unchanged from
the previous chest radiograph. Also, the endotracheal tube has retracted to the level of the
thoracic inlet; a central venous line is present with the tip in the right atrium, and the naso-
gastric tube tip remains in the fundus of the stomach (Figure 10.4). A chest tube is placed on
the left side, and the follow-up radiograph shows marked decreases of the pneumomedi-
astinum and left pneumothorax. The left hemidiaphragm is elevated, which is associated with
atelectasis in the left lower lobe. The bilateral pulmonary edema appears to be worsening, as
evidenced by the increased hazy opacification of the lungs (Figure 10.5). The ventilator
parameters are changed to Fio, 1.0 and PEEP 12 cm H,0, which result in a Pao, of 77 mm Hg.

Child N never regains consciousness, and after 6 weeks he dies of respiratory com-
plications.

FIGURE 10.4 This radiograph is consistent with pneumomediastinum and a fairly large left pneu-
mothorax. Also, there is persistent bilateral diffuse pulmonary edema, and subcutaneous emphysema
extends into the soft tissue of the neck.
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FIGURE 10.5 This radiograph is consistent with the presence of chest tube placement on the
left, with reinflation of the left lung. Pneumomediastinum is present, and the bilateral pul-
monary edema is worsening. Also, left lower lobe subsegmental atelectasis is present.

QUESTION ANSWER

21. What preventive measures could A number of interventions could aid in the prevention
have been employed to decrease  of this drowning situation. First and foremost is com-
the likelihood of this event? plete surveillance and/or constant and immediate

adult supervision in addition to creating barriers to
entry into the neighbor's pool such as isolation fenc-
ing (four-sided, at least 4 feet high, and no more than
4-inch spaces between slats), a pool alarm, and a
self-latching and self-closing gate. It should be noted
that pool covers are no substitution for supervision
and surveillance. Finally, education by the family
pediatrician might have proved helpful in alerting
family members of the potential for this problem M
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F3 ecroms

* Respiratory therapists play a pivotal role in the assessment and management of the
near-drowning patient.

 Drowning is the process of experiencing respiratory impairment from submersion or
immersion in liquid.

 Near drowning is a critical predicament resolved by successful water rescue and
entails successful resuscitation and survival for at least 24 hours.

* Globally, 500,000 people die annually, with the most in the Western Pacific Region
and the least in the Americas.

 Drowning represents the seventh leading cause of unintentional death for all ages
in the United States and the second leading cause of injury-related death for the 1 to
14 year old age group.

» Males account for 78% of drowning deaths in the United States.

* The two age groups with the highest incidence are toddlers age 1 to 4 and adolescents
and young adults ages 15 to 24.

« Of children who drown, 55% of infants drown in bath tubs, 56% of children (1 to 4)
drown in artificial pools, and 63% of older children drown in natural bodies of water.

 Drownings ranked fifth on the list of highest unintentional home injury deaths and
were highest in Florida, Arizona, Nevada, and California.

 There has been a decline in the death rate for drowning for all age groups in the
United States.

* Typical costs for near drowning range from $75,000 for initial care to $180,000 a
year for long-term care.

 Drowning rates are inversely related to per capita income for all age groups.

 Drowning death rates for black and American Indian children are 50% to 70% higher
than for white children.

 Drowning has the greatest seasonal variation of all causes of unintentional deaths
and is highest during May through August.

* Inadequate supervision was the most common factor associated with submersion, and
88% of children were under some form of supervision when the incident occurred.

* A child can drown in as little as 2 inches of water and in less than 5 minutes.

« Alcohol is estimated to be involved in 30% to 50% of adolescent and adult drowning
deaths, and a blood alcohol level of 0.10 or higher exposes an individual to a 16-fold
increased risk of drowning.

» Swimming instruction along with water safety training and training in dealing with
hazardous aquatic environments can better prepare an individual to deal with the risk
of drowning.

» The American Academy of Pediatrics recommends children wait till they are at least
4 years of age before taking swimming lessons.

 Hypothermia provides beneficial and detrimental effects on near drowning—nbeneficial
from delay of neurological consequences and detrimental from relentless drop of body
temperature.

* Eighty-five to ninety percent of victims aspirate fluid into their lungs, while the
remaining experience laryngospasm and dry lungs.

 Pulmonary consequences include ventilation-perfusion mismatch, intrapulmonary
shunting, a decrease in residual capacity, and a decrease in lung compliance.

(key points continued on page 251)
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3 = KEY POINTS (conminuep)

« Evaluations of near-drowning patients have not shown severe electrolyte or hemo-
globin abnormalities or renal dysfunction.

 The primary aims of out-of-hospital treatment are relief of hypoxia, restoration of
cardiovascular stability, prevention of further heat loss, and speedy evacuation to the
hospital.

« Initial assessment should be rapid and directed toward the victim’s level of con-
sciousness.

* Clinical assessment should include vital signs, neurological assessment, ausculta-
tion, and ABG analysis.

« Clinical outcomes can be determined through a variety of scoring systems (Galscow
Coma Scale, Orlowski Score, and Postsubmersion Neurological Classification
System).

* Treatment includes basic life support and activation of the emergency medical system.

e The Heimlich maneuver should not be routinely performed unless airway obstruc-
tion is present.

* The “hyper” brain resuscitation recommendations are controversial but still employed
in the care of the drowning patient: hyperhydration, hyperventilation, hyperpyrexia,
hyperexcitability, and hyperrigidity.

» Approximately 80% of drowning deaths can be prevented.

» Specific preventative measures include adequate supervision and complete surveil-
lance, swimming ability and survival skills, refraining from alcohol, training in CPR,
presence of lifeguards, use of personal flotation devices, isolation fencing, pool
alarms, and self-closing and self-latching gates.

* Pediatricians can assist in lowering incidence by providing education related to
prevention.

L _______________________________________________________________________________________________________________________|
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