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Preface

his book was created to provide students and clini-
cians concerned with the assessment and care of
patients with cardiopulmonary disorders a compre-
hensive guide to patient evaluation and implementation
of appropriate, evidence-based respiratory care plans.
The book has a natural flow. It begins by describing
the purpose of patient assessment (Chapter 1) and meth-
ods associated with evidence-based practice. Critical
diagnostic thinking is reviewed and then applied to the
development and implementation of respiratory care
plans (Chapter 2). The book then guides the reader
through the review of existing data in the medical record
(Chapter 3), the patient interview (Chapter 4), the physi-
cal assessment of the patient (Chapter 5), and the order-
ing and evaluation of the diagnostic studies needed.
Chapters 6 through 8 focus on the assessment of oxy-
genation, ventilation, and arterial blood gas sampling
and interpretation. Chapter 9 reviews laboratory studies
related to hematology, clinical chemistry, microbiology,

assessment of sputum, urinalysis, skin testing, histology
and cytology, and molecular diagnostics. In Chapter 10,
ECG monitoring and interpretation are discussed
to include findings with specific cardiac disorders.
Chapter 11 focuses on imaging techniques to include
the chest radiograph, CT scan, MRI, and other imag-
ing studies used in the evaluation of the respiratory
care patient and includes the evaluation of imaging
findings associated with specific pulmonary diseases.
Pulmonary function testing is described in Chapter 12
to include the evaluation of patients with obstructive
and restrictive disease. Chapter 13 details diagnostic
bronchoscopy and other diagnostic studies. Acute and
critical care monitoring, with a focus on the patient
receiving mechanical ventilatory support, is covered in
Chapter 14. Chapter 15 addresses the use of sleep studies
in the evaluation of the cardiopulmonary patient. Last,
but not least, Chapter 16 covers maternal and perinatal/
neonatal patient assessment.
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Preface

How to Use This Book

® Clinical Focus: The Clinical Focus exercises
are designed to help the reader refine his or her
critical-thinking and problem-solving skills. These
serve as short case studies with problems for the
reader to solve. They can be used for individual
study, as course assignments, or as part of a robust
class discussion.

CLINICAL FOCUS 14-1

Hypercapnic Respiratory Failure Secondary to Drug Overdose

A 21-year-old male found unresponsive at a public transportation bus stop
arrival, his vitals were heart rate 123 bpm, blood pressure 142/80 mm Hg, re
Urine toxicology was performed and found positive for both cocaine and op
room air showed pH of 7.15, Paco, 72 mm Hg, Pao, 87 mm Hg, HCO; 23.2

Clinical Assessment Questions

i,

What is your initial impression of this clinical scenario?
This patient was in acute ventilatory failure (hypercapnic respiratory f
overdose.

. What are the clinical, laboratory, or radiologic features associated witl

Blood gases typically show elevated Paco, and normal serum bicarbor
with uncompensated respiratory acidosis (i.e., acute ventilatory failure
0.08 for every 10 mm Hg rise in Paco,. For this patient, the Paco, has
with a pH decrease of 0.24 (7.40 — 7.16 = 0.24), which correlates with :
10 mm Hg rise in Paco,. The hypercapnia and respiratory acidosis pre

m RC Insights: Interspersed throughout the text,
RC Insights provide the clinician with useful tips
on patient assessment and management.

RC Insights

Rule of 4 and 5
To estimate the effect of an increase in Paco, on Pao, in a

patient breathing room air, use the Rule of 4 and 5. According
to the Rule of 4 and 5, for each increase in Paco, of 4 mm Hg,
the Pao, will decrease about 5 mm Hg (when breathing room

m Key Points: Listed at the conclusion of each
chapter, the Key Points provide a summary of the
important facts and concepts that students should
learn. It can be a helpful study tool.

Key
>

Points

Respiratory care patient assessment includes the
history, physical examination, and diagnostic
testing (laboratory tests and imaging studies).
Patient assessment is needed to ensure that
patients’ problems are properly identified, priori-
tized, evaluated, and treated.

Health may be defined as a person’s overall men-
tal, physical, and social well-being.

The primary factors that determine health are
individual genetic makeup; access to medi-
cal care; environmental factors (housing, work,
school); and personal health-related behaviors,
such as smoking, physical exercise, nutrition, and
the use of drugs and alcohol.

® NBRC 2015: Integration of the content that will
be needed to successfully pass the National Board
for Respiratory Care entry level and advanced
respiratory care examinations is included
throughout (see also Appendix A). As such, this
book will also be of great value to individuals pre-
paring for the examinations administered by the
National Board for Respiratory Care.

m A brief note on the use of abbreviations:

air).

For example, in a patient breathing room air with a Pao,
of 60 mm Hg, what would happen to the Pao, if the Paco,
increased to 48 mm Hg?

If the arterial Paco, increases from 40 to 48 mm Hg:

o This is an increase of +8 mm Hg = 2 x 4 mm Hg
Expect the Pao, to decrease to 2 x 5 mm Hg = 10 mm
Hg:

o Pao, = 60 - 10 = 50 mm Hg

o The Pao, will decrease from 60 to 50 mm Hg.

o aka is used in place of “also known as”
o e.g is the abbreviation for the Latin phrase,
exempli gratia, which means “for example”

i.e. comes from the Latin phrase id est, which

means “that is” or “in other words”

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.




Note from the Authors

Respiratory care may be defined as the healthcare dis-
cipline that specializes in the promotion of optimum
cardiopulmonary function and health. It is specifically
focused on the assessment, diagnostic evaluation, treat-
ment, and care of patients with deficiencies and abnor-
malities of the cardiopulmonary system. Respiratory
care clinicians must also attend to the prevention of car-
diopulmonary disease and the management of patients
with chronic disease. Thus, the scope of respiratory
care extends to the patient, the patient’s family, and
public education. Respiratory care patient assessment
and care plan development may be provided by physi-
cians, advanced practice nurses, physician assistants,
and respiratory therapists. Respiratory therapists apply
scientific principles to prevent, identify, and treat acute
or chronic dysfunction of the cardiopulmonary system.
Although this book is primarily aimed at providing the
advanced practice respiratory therapist with the knowl-
edge and skills needed to perform patient assessment and

Preface

develop appropriate respiratory care plans, we believe
that the information contained will be of great value to
those who prescribe respiratory care and for all health-
care practitioners interested in optimizing outcomes for
patients with heart and lung disease. Throughout the text
we use the term respiratory care clinician to refer to the
healthcare practitioners who, as part of the interprofes-
sional team, provide assessment, treatment, and care of
patients suffering from heart and lung disorders.

It is our hope that this book will allow the reader to
bridge the gap between patient assessment and treat-
ment. Evidence-based practice and critical diagnostic
thinking are applied to specific patient situations. The
reader will learn how to apply assessment skills to the
development, implementation, and evaluation of respira-
tory care plans. The text should also be of great value to
individuals preparing for the examinations administered
by the National Board for Respiratory Care.

David C. Shelledy, PhD, RRT, RPFT, FAARC, FASAHP
Jay L. Peters, MD
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Introduction to Patient Assessment

Rationale for Patient Assessment

Evidence-Based Practice

Critical Diagnostic Thinking in Respiratory Care

Typical Presentations of Common Respiratory Problems

CHAPTER OBJECTIVES

1. Explain the rationale for patient assessment.

2. Describe each of the components of a complete patient
assessment (history, physical, laboratory tests, imaging
studies, and other diagnostic tests).

3. Explain specific factors that affect health.
4. Describe each of the main drivers of the healthcare system
(quality, access, and cost).
5. Describe the impact of misallocated care.
6. Describe evidence-based practice.
7. Evaluate sources of evidence.
8. Describe an approach to critical diagnostic thinking.
9. Describe the presentation of common respiratory
disorders.
KEY TERMS
activities of daily living evidence-based practice
(ADL) (EBP)
acute lung injury (ALI) health
acute respiratory distress health-related quality of life
syndrome (ARDS) (HRQOL)
arterial blood gases history

asthma

case control

chronic bronchitis

cohort studies

chronic obstructive
pulmonary disease

meta-analysis

misallocation

obstructive lung
disease

patient outcomes

physical examination

(COPD) pneumonia
critical thinking pulmonary function testing
emphysema (PFT)

! ("%;
— ( Vitekd S LR L PR behan o
randomized controlled trial signs
(RCT) symptoms

restrictive lung disease

Overview

This chapter reviews the rationale for respiratory care
patient assessment, provides an overview of health
issues in the United States, describes evidence-based
practice, and introduces the skills needed for critical
diagnostic thinking and respiratory care plan devel-
opment. Techniques for hypothesis formulation and
evaluation to include identifying and gathering needed
information and evaluation of patient problems are
introduced. Typical presentations of common respira-
tory problems are reviewed.

Introduction to Patient Assessment

Physicians, nurses, and respiratory therapists are inti-
mately involved in the diagnosis, treatment, care, and
follow-up evaluation of patients with heart and lung
problems. Modern healthcare demands that patients
receive the right care at the right time and that unnec-
essary or inappropriate care be reduced or eliminated.
In addition, care should promote patients” health and
well-being and prevent, when possible, the development
of acute and chronic disease. All of these goals demand
excellent patient assessment skills.

Respiratory care patient assessment can be divided
into three key areas: history, physical examination,
and diagnostic testing (laboratory tests and imag-
ing studies). Following initial assessment, hypotheses
are formulated and evaluated regarding the patient’s
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problem(s) and the respiratory care plan is developed
and implemented.

We begin the assessment process with the patient
interview, or history. This is where we determine the
patient’s perceptions of his or her health problem(s),
as well as what the patient is experiencing (i.e., symp-
toms). Special emphasis should be placed on noting the
difference between the patient’s baseline symptoms and
current symptoms. We review the patient’s past medi-
cal history, as well as factors that may affect health,
such as smoking, drug and/or alcohol use, nutrition,
weight, fitness, occupation, environmental exposures,
and family health problems. The patient interview is
the first and most important step in identifying the
problem. The physical assessment follows and includes
observation of the patient (inspection) and his or her
level of comfort or distress, auscultation (listening),
palpation (touching), and percussion (thumping). Vital
signs (i.e., pulse, respirations, blood pressure, and tem-
perature) are measured, and pulse oximetry may be
used to assess arterial blood oxygen saturation (Spo,).
During the physical assessment, we look for the pres-
ence (or absence) of signs associated with specific
disease states or conditions. The physical examination
helps us clarify the patient’s problem and guides us in
gathering additional information.

Next, we consider diagnostic testing, including
laboratory and imaging studies, to gather additional
information and further clarify the patient’s problem.
Laboratory studies may include arterial blood gases,
pulmonary function tests, blood chemistry, hematol-
ogy, lipids, blood sugar, microbiology, and cardiac
enzymes. Imaging studies may range from the standard
chest radiograph to computed tomography (CT), mag-
netic resonance imaging (MRI), and diagnostic medical
sonography (ultrasound).

Last, we begin to formulate and test hypotheses and
develop a patient care plan. What do the history and
physical suggest? Do the laboratory and imaging stud-
ies confirm or refute this hypothesis? What additional
information is needed? What are our conclusions at
this point? And how should we now treat the problems
that have been identified?

Rationale for Patient Assessment

Health is not concerned merely with the absence of
disease, but rather the person’s overall mental, physical,
and social well-being.! Modern healthcare should aim
not only to treat acute and chronic disease, but to max-
imize patients’ health-related quality of life (HRQOL).
Effective assessment skills are essential to ensure that
patient problems are properly identified, prioritized,
evaluated, and treated. Health promotion, disease
prevention, and management of patients with chronic
conditions also require strong assessment skills. Patient
assessment is essential for evidence-based practice

and care plan development, and patient assessment is
required to monitor and evaluate care delivery.

Factors That Affect Health

The factors that determine health include individual
genetic makeup, access to medical care, environmen-
tal factors (housing, work, and school), and personal
health-related behaviors (Table 1-1). Although genet-
ics, the environment, and access to healthcare play
important roles, much of the cost of healthcare in the

TABLE 1-1
Factors That Determine Individual Health

¢ Genetic makeup
¢ Natural physical environment (climate, housing,
neighborhood, work, school)
o Housing factors that may affect health
e |ead exposures
e Mold, mites, and other allergens
e Temperature extremes
¢ |ndoor air pollution
e Injuries
e Residential crowding
o Neighborhood conditions that may affect health
e Physical conditions
e Substandard housing
e Poor air/water quality, exposure to hazardous
substances
¢ Crime and safety, safe places to exercise
e Employment opportunities
e Access to full-service grocery stores (presence of food
deserts)
¢ Schools, transportation and other municipal services
e Social networks and social support
o Work
e Exposure to hazardous materials
e Physical activity
e Pay, promotions, social support, job satisfaction, stress
e Access to medical care
o School
e Physical activity and nutrition
e Environment
e Access to medical care
o Environmental stress (work, home, other) impacts other
health factors, such as
e Alcohol and drug abuse
e Mental health
e Eating habits and obesity
¢ Blood pressure and immune response
e Healthcare services
o Quality, access, and cost
o Acute care
o Preventative care
o Rehabilitation
o Chronic disease management
e Health-related behaviors
o Nutrition
o Smoking
o Drugs and alcohol
o Physical exercise

Adapted with permission from Center on Social Disparities in Health, University
of California, San Francisco.
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United States is associated with preventable illness
due to smoking, obesity, lack of physical exercise, poor
nutrition, and the use of drugs and alcohol. Projections
place levels of obesity in the United States at 41% by
2015, with consequences for diabetes, heart disease,
hypertension, cancer, asthma, and osteoarthritis.> Ciga-
rette smoking is an important modifiable risk factor
for adverse health outcomes, including cancer, chronic
obstructive pulmonary disease (COPD), heart disease,
and stroke. Cigarette smoking prevalence among adults
has decreased 42% since 1965, but declines in current
smoking prevalence have slowed during the past 5
years.? Cigarette smoking among adults was slightly less
than 20% in 2010 and has remained relatively constant.
Cigarette use was highest among those with less than a
high school education (28%), those with no health insur-
ance (29%), those living below the federal poverty level
(28%), and those aged 18 to 24 years (24%).? It is interest-
ing to note that the top five leading causes of death in
the United States (Box 1-1) are heart disease, cancer,
chronic lower respiratory diseases (i.e., COPD), cerebro-
vascular disease (stroke), and accidents, all of which are
impacted by personal health-related behaviors.*
Environmental factors that may directly affect
health include housing, neighborhood of residence,
work environment, and access to services near home
(Table 1-1). Factors of special concern with respect to

BOX 1-1

The 15 Leading Causes of Death in the
United States

1. Diseases of the heart (myocardial infarcts or

heart failure)

Malignant neoplasms (cancer)

Chronic lower respiratory diseases (COPD)

Cerebrovascular diseases (including stroke)

Accidents (unintentional injuries)

Alzheimer disease

Diabetes mellitus

Influenza and pneumonia

Nephritis, nephrotic syndrome, and

nephrosis

10. Intentional self-harm (suicide)

11. Septicemia

12. Chronic liver disease and cirrhosis

13. Essential hypertension and hypertensive
renal disease

14. Parkinson disease

15. Assault (homicide)

Reproduced from: Kochanek KD, Xu J, Murphy SL, Minifio
AM, Kung HC. Deaths: preliminary data for 2009. Natl Vital
Stat Rep. 2011;59(4).
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Rationale for Patient Assessment

respiratory disease include exposure to air pollution,
secondhand smoke, occupational dust and fumes,
chemicals, pollen, mold, dust mite and cockroach aller-
gens, animal dander, and other allergens and irritants.
A complete patient assessment must include review of
environmental factors and health-related behaviors that
impact patients’ health.

Cost, Access, and Quality

The three main drivers of the healthcare system are
cost, access, and quality.

Cost

In 2010, the United States spent $2.6 trillion, or about
17% of its gross domestic product (GDP), on healthcare,
and this amount is expected to nearly double by 2020.°
The United States spends twice the European average
for healthcare.® However, in spite of these expenditures,
the United States does poorly in comparison to other
industrialized nations (Table 1-2), ranking 42nd in life
expectancy and 56th in infant mortality.!

It is interesting to note that half of the U.S. popula-
tion spends little or nothing on healthcare, while 5% of
the population spends almost half of the total amount.®
A small number of conditions accounted for most of
the growth in total healthcare spending between 1987
and 2000, with heart disease, pulmonary disorders,
cancer, mental disorders, and trauma accounting for
31% of the cost.°

The U.S. population is aging, and older patients are
responsible for higher healthcare costs. The elderly
(age = 65) made up around 13% of the U.S. popula-
tion in 2002, but they accounted for 36% of personal
healthcare expenses.’ By 2020, one in five Americans
(20%) will be older than 65 years of age.” Over half of
the patients over age 65 in the United States have three
or more chronic conditions, and patients with multiple
chronic conditions cost up to seven times as much as
patients with only one chronic condition.”®

Patients with chronic disease have been estimated
to account for 75% of overall healthcare spending.”
Chronic cardiopulmonary conditions include asthma,
emphysema, chronic bronchitis, COPD, combined
asthma/COPD, bronchiectasis, cystic fibrosis, inter-
stitial lung disease, chronic hypertension, coronary
artery disease (CAD), and congestive heart failure
(CHEF). Approximately 34 million people were diag-
nosed with asthma in the United States in 2007, and
over 13 million adults were diagnosed with COPD in
2008.>1° COPD is currently the third leading cause
of death in the United States, and the actual number
of COPD patients is probably over 24 million due to
underdiagnosis.**

Inpatient hospital costs represent the largest por-
tion of healthcare expenditures in the United States
and average over $2,000 per patient day.!'* In 2005,
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Health Outcomes by Country for Life Expectancy and Infant Mortality

Life Expectancy at Birth (years)

1. Monaco (89.57)

Infant Mortality (deaths/1000 live births)

1.

Monaco (1.81)

2. Macau (84.48) 2. Japan (2.13)

3. Japan (84.46) 3. Bermuda (2.48)

4. Singapore (84.38) 4. Norway (2.48)

5. San Marino (83.18) 5. Singapore (2.53)

6. Hong Kong (82.78) 6. Sweden (2.60)

7. Andorra (82.65) 7. Czech Republic (2.63)

8. Switzerland (82.39)

. Hong Kong (2.73)

9. Guernsey (82.39)

. Macau (3.13)

10. Australia (82.07) 10. Iceland (3.15)

11. ltaly (82.03) 11. France (3.31)

12. Sweden (81.89) 12. ltaly (3.31)

13. Liechtenstein (81.68) 13. Spain (3.33)

14. Canada (81.67) 14. Finland (3.36)

15. France (81.66) 15. Anguilla (3.40)

16. Jersey (81.66) 16. Germany (3.46)
17. Norway (81.60) 17. Guernsey (3.47)
18. Spain (81.47) 18. Malta (3.59)

19. Israel (81.28) 19. Belarus (3.64)

20. Iceland (81.22) 20. Netherlands (3.66)
21. Anguilla (81.20) 21. Andorra (3.69)

22. Netherlands (81.12) 22. Switzerland (3.73)
23. Bermuda (81.04) 23. Ireland (3.74)

24. Cayman Islands (81.02) 24. Jersey (3.86)

25. Isle of Man (80.98) 25. Korea, South (3.93)
26. New Zealand (80.93) 26. Israel (3.98)

27. Ireland (80.56) 27. Slovenia (4.04)
28. Germany (80.44) 28. Denmark (4.10)
29. United Kingdom (80.42) 29. Austria (4.16)

30. Greece (80.30) 30. Isle of Man (4.17)
31. Saint Pierre & Miquelon (80.26) 31. Belgium (4.18)

32. Austria (80.17) 32. Luxembourg (4.28)
33. Malta (80.11) 33. Liechtenstein (4.33)

© Jones & Bartlett Learning, LLC.

NOT FOR SALE OR DISTRIBUTION.




TABLE 1-2

Rationale for Patient Assessment

Health Outcomes by Country for Life Expectancy and Infant Mortality (continued)

Life Expectancy at Birth (years)

Infant Mortality (deaths/1000 live births)

34. Faroe Islands (80.11) 34. European Union (4.43)
35. Luxembourg (80.01) 35. Australia (4.43)

36. Belgium (79.92) 36. United Kingdom (4.44)
37. European Union (79.86) 37. Portugal (4.48)

38. Taiwan (79.84) 38. Wallis and Futuna (4.49)
39. Korea, South (79.80) 39. Taiwan (4.49)

40. Virgin Islands (79.75) 40. San Marino (4.52)

41. Finland (79.69) 41. New Zealand (4.59)

42. United States (79.56) 42. Cuba (4.70)

43. Turks & Caicos Islands (79.55) 43. Canada (4.71)

44. Wallis & Futuna (79.42) 44. Greece (4.78)

45. Saint Helena, Ascension, & Tristan da Cunha (79.21) 45, French Polynesia (4.78)
46. Gibraltar (79.13) 46. Hungary (5.09)

47. Puerto Rico (79.09) 47. Slovakia (5.35)

48. Denmark (79.09) 48. New Caledonia (5.46)
49. Portugal (79.01) 49. Northern Mariana Islands (5.50)
50. Guam (78.82) 50. Guam (5.51)

51. Bahrain (78.58) 51. Faroe Islands (5.71)
52. Chile (78.44) 52. Bosnia and Herzegovina (5.84)
53. Qatar (78.38) 53. Croatia (5.87)

54. Cyprus (78.34) 54. Lithuania (6.00)

55. Czech Republic (78.31) 55. Serbia (6.16)

56. Panama (78.30) 56. United States (6.17)

Data from: Central Intelligence Agency. The World Factbook. May 2014 (2014 estimate). Available at: https://www.cia.gov/library/publications/the-world-factbook
/rankorder/rankorderguide.html. Accessed May 7, 2014; United Nations Development Programme. Human Development Reports. Top 10 most highly developed
countries based on the Human Development Index (HDI). Available at: http://hdr.undp.org/en/countries.

coronary artery bypass surgery to treat narrowed or
obstructed arteries cost over $20,670 per patient in the
United States, and a single hospital stay for pneumonia
cost up to $15,829.1%1*

A great deal of respiratory care is provided in the
hospital setting, often in the intensive care unit (ICU).
Mean ICU cost per patient in 2005 was about $32,000
for patients requiring mechanical ventilation and about
$13,000 for those not requiring mechanical ventila-
tion." Interventions that reduce ICU length of stay and/
or duration of mechanical ventilation could lead to sub-
stantial reductions in total inpatient costs.

Access

All of us want the best care possible for our patients.
Unfortunately, not everyone has access to high-quality
healthcare, and many people have little or no access to
basic or preventative care. Healthcare disparities are of
concern for patients with respiratory conditions. For
example, African American men have the highest death
rate and shortest survival of any racial or ethnic group
in the United States for most cancers, including lung
cancer.’® Although health outcomes and life expectancy
improve significantly with education and income, racial

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.
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FIGURE 1-1 Racial and ethnic disparities at every income
level.

Reproduced from: National Health Interview Survey (NHIS) 2001-2005. Age
adjusted. Centers for Disease Control and Prevention.

disparities persist at every income level (Figure 1-1)."”
The Agency for Healthcare Research and Quality
(AHRQ) describes differences in health outcomes
based on race/ethnicity, socioeconomic status (SES),
insurance status, sex, sexual orientation, health literacy,
and language.'® Cardiopulmonary disease states or con-
ditions that AHRQ has targeted as priorities for reduc-
tion in healthcare disparities include asthma, cystic
fibrosis, CHF, CAD (ischemic heart disease, myocardial
infarction), and hypertension.'®

Figure 1-2 presents a conceptual framework for
addressing healthcare disparities. It is thought that by
improving economic and social opportunities, living
and working conditions, medical care, and personal
behaviors, healthcare disparities will be reduced, lead-
ing to improved population health.

Quality

It is clear that high healthcare expenditures may not
result in better patient outcomes. Although the United
States spends more on healthcare than any other indus-
trialized country, measures of health and mortality are
worse. In addition, studies point to major differences
in healthcare expenses by geographic area within the
United States, with no important differences in patient
outcomes. One study found that patients in the higher
spending areas received 60% more care, and that the
increased care could not be attributed to levels of ill-
ness or socioeconomic status.’” A major factor associ-
ated with increased cost was higher concentration of
medical specialists in high-cost regions."”

Living
and
working
conditions

Economic
and social
opportunities

Improved
health of
population

Improved
medical care

Improved
personal
behavior

FIGURE 1-2 Conceptual framework for addressing
healthcare disparities.

In the presence of finite resources, should every
patient receive all the care he or she prefers to receive,
regardless of circumstances? This question gives rise
to a number of ethical, moral, and practical dilemmas
regarding the cost, quality, and accessibility of care.
However, the need for strong assessment skills to help
ensure that patients receive appropriate care in a cost-
effective and efficient manner is evident.

Misallocation of Respiratory Care

It has been estimated that about 25% of all Medicare
expenditures can be attributed to unnecessary varia-
tions in care.? Only 55% of adults receive recommended
levels of general preventive care, and adults with a
chronic illness receive only 56% of the care recom-
mended by clinical practice guidelines.?’ Misallocation
of care increases costs and may result in less than opti-
mal health outcomes.

Respiratory care is not immune to misallocation. In
a study of respiratory care in the acute care setting, we
found that 25% of ordered basic respiratory care proce-
dures were not indicated. In addition, as much as 32%
of ordered aerosolized medications were not indicated,
whereas about 12% of the patients assessed were not
receiving respiratory care that was indicated. Others
have estimated that the frequency of unnecessary respi-
ratory care ranges from 20% to 60%.*

There are many reasons for the misallocation of
care. Fear of lawsuits is sometimes suggested; however,
it is likely that some care is provided simply because
healthcare professionals believe it might help, probably

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



won’t hurt, and, as such, is low-risk. Medical students
and physicians-in-training generally learn very little
about respiratory care, and much of what doctors learn
about how to care for respiratory patients is not evi-
dence based.

Optimizing Patient Outcomes

In order to ensure that patients receive appropriate,
cost-effective care, the respiratory clinician must be
able to correctly identify and treat the patient’s prob-
lem. Patient education, follow-up care, and rehabilita-
tion, if needed, should be provided. Patients should be
provided information regarding health promotion and
disease prevention, in addition to smoking cessation
interventions for smokers.

All of this requires excellent patient assessment
skills to ensure that patients receive the right care at
the right time and that unnecessary care is reduced
or eliminated. Careful assessment of the patient’s his-
tory, physical, and laboratory and imaging studies
is required. The assessment is then followed by the
development, implementation, and monitoring of an
evidence-based respiratory care plan. The develop-
ment and implementation of respiratory care plans
using evidence-based clinical practice guidelines can
reduce unnecessary care, optimize care delivered, and
may reduce costs and improve outcomes. Chapter 2
describes the development, implementation, and evalu-
ation of the respiratory care plan.

Evidence-Based Practice

Evidence-based practice (EBP) integrates research
findings with clinical expertise and patient values to
provide a structured approach to clinical decision mak-
ing. By integrating the best available scientific evidence
into the decision-making process, EBP has the poten-
tial to improve patient outcomes and reduce costs.?
EBP can help tell us if a diagnostic test is accurate,

how well the test differentiates between patients with
and without a specific disease, and whether the test is
appropriate to specific situations. EBP can be useful

in predicting a patient’s prognosis and is the preferred
method for selecting treatment.

Sources of Evidence

EBP requires valid, research-based information about
the causes, diagnosis, treatment, prognosis, and preven-
tion of specific conditions. Clinical decisions should
not be based solely on preferences or practice patterns.
Textbooks may be out-of-date, inaccurate, or based on
opinion rather than scientific evidence. EBP requires
familiarity with the best evidence and knowledge

of how to find it. Sources for EBP include published
research reports in peer-reviewed journals, evidence-
based systematic reviews (e.g., Cochrane systematic
reviews), expert panel recommendations, and clinical

Evidence-Based Practice

practice guidelines. In order to become proficient at
EBP, one must become familiar with various Internet-
based tools, such as PubMed, Medline, Google Scholar,
and the Cumulative Index to Nursing and Allied Health
Literature (CINAHL). Evidence-Based Medical Reviews
(EBMR) and the Cochrane Library provide additional
evidence-based services (Box 1-2).

Types of Evidence

The best single source of evidence is the multicenter
randomized controlled trial (RCT) in which a clear
clinical benefit is demonstrated that outweighs the
potential risks of the therapy or procedure. Multiple
independent RCTs are sometimes combined using a
statistical method called meta-analysis, and the result-
ing meta-analyses can provide strong evidence of the
value of a particular treatment or technique. In the
absence of multicenter RCTs or multiple independent
RCTs, evidence from a single-center RCT may be used
with caution. Other types of evidence, from best to
least preferable, include results from nonrandomized,
concurrent cohort studies, historic cohort studies,
case-control studies, case series, case reports, editori-
als, and animal studies. The best-evidence pyramid is
shown in Figure 1-3.

Grades of Recommendations for Therapy

In order to perform EBP, the practitioner begins with

a series of questions related to diagnosis, treatment,
prevention, or prognosis, which are outlined in Box 1-3.
These questions are designed to help clarify the patient
problem and the intervention or treatment being con-
sidered. Next, the treatment or comparison options (if
any) and the outcomes sought are identified. Once the
EPB questions have been answered, an EBP literature
search is conducted, using search terms related to the
problem, treatment (or technique), comparison, and
desired outcomes. The literature search is normally
conducted using an electronic database such as Med-
line or PubMed. The publications located are then eval-
uated, and the best available evidence is used to guide
clinical decisions.

As we have noted, the strongest evidence sources are
well-designed RCTs (sometimes combined via meta-
analysis) in which the benefits are clear and outweigh
the risks. Factors in evaluating the evidence include
the study design, size of the treatment effect, patient
selection and type of sample, and important outcomes.
RCTs that have unclear or inconsistent results or flaws
in methodology can sometimes still provide evidence
of moderate quality. Other types of studies (e.g., cohort
and case control designs, case series), as well as expert
panel recommendations and systematic reviews, can
also help guide clinical decision making. Table 1-3
provides one method for rating evidence for grades of
recommendations for therapy.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



8 CHAPTER 1 Introduction to Patient Assessment

BOX 1-2

Online Resources for Evidence-Based Practice

o PubMed. PubMed is a comprehensive online database of peer-reviewed biomedical research papers,
reviews, and journal articles (http://www.ncbi.nlm.nih.gov/pubmed/).

o Medline. Similar to PubMed, Medline is a comprehensive online database of peer-reviewed biomedical
research papers, reviews, and journal articles. It is available through college and university library services
via OVIDSP.

o CINAHL (Cumulative Index to Nursing and Allied Health Literature). CINAHL is a comprehensive
online database of nursing and allied health journal publications. It may include articles not listed in other
databases. CINAHL is available through college and university library services via EBSCO Publishing
(http://www.ebscohost.com/cinahl/).

o Google Scholar. Google Scholar provides an effective search engine which includes an “Advanced
Scholar Search” option. When used properly, recall and precision of Google Scholar is similar to PubMed.
(http://scholar.google.com)

o Cochrane Database of Systematic Reviews. The Cochrane Collaboration (http://www.cochrane.org)
and the Cochrane Library (http://www.thecochranelibrary.com/view/0/index.html) provide systematic
reviews of the literature for use in evidence-based practice.

o MD Consult. This comprehensive medical information service for evidence-based practice is available
through college and university library subscription services (http://www.mdconsult.com).

o UpToDate. This comprehensive medical information service for evidence-based practice is available
through college and university library subscription services (http://www.uptodate.com/index).

« Centers for Disease Control and Prevention (CDC). The CDC offers a wealth of tools and resources on
its website (http://cdc.gov).

o National Institutes of Health (NIH). The NIH is a valuable source of information on evidence-based
medicine (http://www.nih.gov).

—Randomized controlled trial (RCT)

¢ Multicenter RCT
* Meta-analysis of multiple RCTs

Best * Single RCT
evidence * Best evidence for therapy
—Cohort studies

* Follow a large group with a
treatment or disease over time

Moderate * Determine etiology or harm

evidence

—Case control studies

¢ Compares patients with the
disease to those without it

—Case series
¢ Single case report
Weak e Editorials
evidence ¢ Animal studies

e In-vitro (“test tube”) research

FIGURE 1-3 Evaluating the evidence (critical appraisal) = best evidence pyramid.
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Rationale for Patient Assessment

BOX 1-3

Use of Questions in Evidence-Based Practice

1. Patient problem or population
o What patient or problem is being considered?
o What is the patient’s chief complaint or primary problem? Respiratory examples may include a
patient’s symptoms or primary disease state or condition:
o Symptoms: Cough, sputum production, shortness of breath, wheezing, chest tightness, chest pain,
other?
» Disease states or conditions: Asthma “attack,” COPD exacerbation, acute respiratory failure, chest
trauma, other?
o What is the larger patient population under consideration?
o Asthma, COPD, pneumonia, acute lung injury, respiratory failure, ARDS, congestive heart failure
(CHE), other?
2. Intervention
o What diagnostic method, treatment, medication, procedure or other intervention is being considered?
o The intervention is what you plan to do for the patient. Examples might include:
« Diagnostic procedures (blood gases, pulmonary function testing, laboratory studies, imaging stud-
ies, other)
« Drugs or medications (antimicrobial agents, bronchodilators, anti-inflammatory agents, cardiac
drugs, other)
« Respiratory care procedures (oxygen therapy, directed cough, lung-expansion therapy, bronchial
hygiene techniques, other)
o Mechanical ventilatory support (invasive or noninvasive)
3. Comparison
o What alternative treatments or interventions are being considered?
o Examples of comparisons for respiratory care might include:
o Pulmonary rehabilitation versus home care in COPD
o Peak flow versus symptom monitoring in moderate to severe asthma
o Volume-control versus pressure-control modes of mechanical ventilation in ARDS
» Rapid drug-susceptibility tests versus conventional culture-based methods for detection of multi-
drug-resistant tuberculosis
o In some cases, there may not be an alternative treatment or therapy under consideration.
4. Outcome
o What outcomes are sought?
o Diagnosing a condition
o Relieving or eliminating specific symptoms
o Stopping or reversing a pathologic process
o Improving or maintaining function
o Prevention
5. Searching the literature
o The next step is to define the search terms and perform a literature review:
o Search terms should include the problem, intervention, and comparison (if there is to be a
comparison).
o Examples might include:
» Noninvasive ventilation and COPD
o Drug treatment and ARDS
o Medications and acute asthma exacerbation
« Antibiotics and ventilator-acquired pneumonia
o Weaning method(s) and mechanical ventilation in ARDS patients
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CHAPTER 1 Introduction to Patient Assessment

o The examples of preferred sources for the literature search are:

e Medline
e PubMed

o Established clinical practice guidelines and expert panel reviews

« Google Scholar
6. Evaluating the evidence (critical appraisal)

« Following the literature search, the respiratory clinician must evaluate the evidence located. The best
evidence sources are well-designed, multicenter RCTs or multiple independent RCTs (sometimes com-
bined via meta-analysis) in which the benefits are clear and outweigh the risks. Factors in evaluating
the evidence include the study design, size of the treatment effect, patient selection and type of sample,
the importance of the outcomes, cost, and patient values and preferences. RCTs that have unclear or
inconsistent results or flaws in methodology can sometimes still provide evidence of moderate quality.
Other types of studies (cohort and case-control designs, case series), as well as expert-panel recom-
mendations, can also help guide clinical decision making.

7. Applying the evidence to patient care

o The clinician must make decisions regarding diagnosis, treatment, prevention, and/or prog-
nosis based on the evidence. Clinical decision should balance potential benefit and harm,

cost, as well as patient preferences and values.

TABLE 1-3

Rating the Evidence for Recommendations of Therapy

A number of rating systems have been developed to assess the strength of the evidence for evidence-based practice. The following system
evaluates the strength of the recommendation and the quality of the evidence:

Strength of the Recommendation

Level Strength Description

1 Stronger Benefits clearly outweigh the risks and burdens (or vice versa) for
nearly all patients.

2 Weaker Risks and benefits are more closely balanced or are more
uncertain.

Quality of the Evidence

Grade Quality Description

A High Well-performed randomized controlled trials or overwhelming
evidence of some other sort. Further research is very unlikely to
change our confidence in the estimate of the effect.

B Moderate Randomized controlled trials that are less consistent, have flaws,
or are indirect in some way to the issue being graded, or very
strong evidence of some other sort. Further research is likely to
have an important impact on our confidence in the estimate of
effect and may change the estimate.

C Low Low observational evidence (from observational studies, case
series, or clinical experience), or evidence from controlled trials
with serious flaws. Further research is very likely to have an
important impact on our confidence in the estimate of effect
and is likely to change the estimate.

D Very Low Any estimate of effect is uncertain.

Reproduced from: Restrepo, RD. AARC Clinical Practice Guideline: From “reference-based” to “evidence-based.” Respir Care. 2010;55(6):787-789.
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Following review of the evidence, the clinician must
make decisions regarding diagnosis, treatment, preven-
tion, and/or prognosis. Clinical decisions should bal-
ance potential benefit and harm and costs, as well as
patient preferences and values.

Critical Diagnostic Thinking in
Respiratory Care

Critical-thinking skills needed by respiratory clinicians
include the ability to interpret, analyze, and evaluate
data; make clinical inferences; and provide explana-
tions.?? Respiratory clinicians need to be able to priori-
tize, anticipate, troubleshoot, communicate, negotiate,
make decisions, and reflect on experiences.?? Critical
thinking is used in establishing the patient’s diagnosis
and requires the integration of many different pieces

of assessment information derived from the medical
record, patient history, physical examination, laboratory
tests, and imaging studies and from familiarity with the
presentation of various disease states and conditions.

Approach to Hypothesis Formulation and
Evaluation

Critical thinking to establish the patient’s diagno-
sis should include the key elements of the scientific
method.”® These key elements or steps are:

1. Identify the problem.

2. Gather additional information to clarify the
problem.

3. Formulate possible explanations (hypothesis
formulation).

4. Test possible explanations (hypothesis testing).

5. Formulate and implement solutions.

6. Monitor and reevaluate.

Identify the Problem

The first step in making a diagnosis is to identify

the patient’s problem or chief complaint. The classic
question, “Why are you here?” is often a good way to
identify the problem from the patient’s perspective.

For respiratory patients, common complaints include
acute or chronic cough, sputum production, shortness
of breath (acute or chronic), wheezing, whistling, chest
tightness, chest pain or discomfort, and hemoptysis
(expectorating blood tinged or bloody sputum). Hoarse-
ness, fever, and night sweats are also not uncommon.
The time course of symptoms—acute (hours to days),
subacute (days to a couple of weeks), or chronic (several
weeks to months)—is often helpful in establishing a
diagnosis. Clinical Focus 1-1 lists common problems
seen in respiratory care patients.

Critical Diagnostic Thinking in Respiratory Care

Gather Additional Information
to Clarify the Problem

Following a review of the existing medical record,
the respiratory clinician should complete a detailed
patient history and perform a thorough physi-

cal examination to further identify and clarify the
patient’s problem(s). The existing medical record
review should include patient demographics, previ-
ous physician’s orders, results of previous history and
physical examinations, laboratory and/or imaging
reports, and progress notes and reports of procedures.
The review of existing medical records is described
in Chapter 3.

The patient interview should include the history of
the present illness, past medical history, family history,
current medications, smoking history, environmental
data, and occupational history. The patient should be
questioned in more detail regarding specific symptoms
associated with pulmonary disease to include cough,
sputum production, hemoptysis, dyspnea, and chest
pain. The taking of a detailed patient history is dis-
cussed in Chapter 4.

The physical examination should include assess-
ment of the patient’s general appearance; mental
state (anxiety, restlessness, distress) and level of
consciousness (alert and awake, sleepy, somnolent);
vital signs (pulse, respirations, blood pressure, tem-
perature); skin color, mucosa characteristics, and
nail beds (cyanosis); perfusion and capillary refill;
and presence of pursed-lip breathing. The chest
examination should include inspection, palpation,
auscultation, and percussion. Inspection of the chest
should include respiratory rate, depth, and pattern;
retractions, accessory muscle use, or paradoxical
motion of the chest and abdomen; AP (anteroposte-
rior) diameter; and presence of deformity. Palpation
should assess for tracheal deviation, chest expan-
sion, vocal fremitus, chest wall tenderness, and
subcutaneous emphysema. Percussion should note
resonance, hyperresonance, or dullness. Auscultation
should include assessment for normal and adventi-
tious (abnormal) breath sounds, including crackles,
gurgles, wheezes, rubs, stridor, and bronchial breath
sounds over the periphery.

Knowledge of the patient’s problem or chief com-
plaint can help guide the physical examination in order
to provide evidence to support, reject, or revise specific
hypotheses as to the cause of the problem. The physi-
cal examination may also identify additional problems
such as changes in vital signs, increased work of breath-
ing, abnormal breath sounds, or alterations in mental
status. The physical examination is described
in Chapter 5.
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12 CHAPTER1 Introduction to Patient Assessment

CLINICAL FOCUS 1-1

Common Respiratory Care-Related History and Physical Findings

Symptoms

Acute or chronic cough

Acute or chronic sputum production

Anxiety, nervousness, excitement, or restlessness

Blurred vision

Chest pain (substernal, pleuritic, musculoskeletal)
or discomfort

Dizziness, fainting

Fever, chills

Headache

Hemoptysis (expectorating blood tinged or bloody
sputum)

Signs

Abnormal mental state (confusion, disorientation,
hallucinations, loss of consciousness, lethargy,
somnolence, coma)

Blood pressure (hypertension, hypotension)

Abnormal breaths sounds (diminished, crackles,
gurgles, wheeze, rubs, bronchial breath sounds,
stridor, egophony)

Formulate Possible Explanations
(Hypothesis Formulation)

Following identification and clarification of the
patient’s problem, the next step is formulating pos-
sible explanations or hypotheses as to the cause of the
problem. Each symptom and sign identified during the
history and physical examination is listed, along with
more common and less common possible explanations
or causes for this sign or symptom. Based on the review
of the existing medical records and history and physical
examination, a leading, or differential, diagnosis is pro-
posed. Table 1-4 describes the more common and less
common causes of typical respiratory care assessment
findings.?”® The possible causes or explanations for each
sign or symptom identified by the patient assessment
provide the hypotheses that then need to be tested.

Test Possible Explanations
(Hypothesis Testing)

Following a review of the patient’s problems and the
more common and less common causes for each, a
primary or leading hypothesis as to the cause of the
problem is developed. This hypothesis, also known as
the leading or differential diagnosis, is then tested via

Hoarseness, sore throat

Night sweats

Palpitations

Sinus pain, runny nose, sneezing, postnasal drip

Shortness of breath (acute or chronic dyspnea,
orthopnea)

Sleep disturbances

Tremors

Tingling (extremities)

Weight loss, loss of appetite

Heart rate abnormalities (tachycardia, bradycardia)

Skin (pale, cold, clammy, sweating, cyanosis, rash,
redness)

Seizures, convulsions

Ventilatory disorders (tachypnea; hyperventilation;
slowed, irregular respirations)

additional laboratory and imaging studies. These stud-
ies may include oximetry, arterial blood gas analysis,
pulmonary function testing (PFT), sputum analysis,
blood tests to include hematology and blood chemis-
try, other microbiologic studies, skin tests, and various
stains, swabs, and molecular medicine techniques. An
electrocardiogram (ECG) may be performed to assess
cardiac function, and ECG monitoring is often done in
the ICU setting. Imaging studies may include a chest
radiograph, CT scan, MRI, and/or ultrasound imag-
ing. Diagnostic bronchoscopy and other diagnostic
procedures (e.g., thoracentesis, open lung biopsy) may
be also be required. Sleep studies may be needed to
evaluate sleep-disordered breathing, and exercise stress
testing may be used to evaluate pulmonary and cardiac
disease.

Chapters 6 and 7 will discuss assessment of oxygen-
ation and ventilation. Chapter 8 will describe arterial
blood gas analysis and acid—base balance. Chapter 9
will describe laboratory studies, including hematology,
clinical chemistry, microbiology, sputum examination,
urine analysis, skin testing, histology and cytology,
and molecular diagnostics. Chapter 10 will discuss the
ECG. Chapter 11 will review imaging studies. Chapter
12 will review pulmonary function testing. Chapter 13
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Critical Diagnostic Thinking in Respiratory Care

TABLE 1-4
Common and Less-Common Causes of Respiratory Care Assessment Findings

Problem ‘ Common Causes ‘ Less-Common Causes
Acute cough Viral upper respiratory infection (pharyngitis, rhinitis, Tumor, neoplasm
tracheobronchitis, serous otitis) Pulmonary emboli
Bacterial infection (tracheobronchitis, acute bronchitis, Aspiration (foreign body, liquid)
mycoplasma, pneumonia, ear infection, sinusitis, Laryngitis
abscess) ACE inhibitor medication
Asthma Pleural disease
Sinusitis Diaphragm irritation
Gastroesophageal reflux Mediastinal disease
Congestive heart failure, pulmonary edema Extrabronchial lesions
Inhalation of irritants (smog, smoke fumes, dusts, cold air) | Fungal lung disease
Bronchiolitis (RSV) Ornithosis
Chronic cough Postnasal drip (sinusitis, allergic rhinitis) Chronic pulmonary edema
Smoking Mitral stenosis
Asthma Laryngeal inflammation or tumor
Chronic bronchitis Fungal pneumonia
Gastroesophageal reflux External or middle ear disease
Congestive heart failure Bronchogenic cyst
ACE inhibitor medication (20%) Mediastinal mass
HIV Zenker's diverticulum
Bronchiectasis Aortic aneurysm
Neoplasms, bronchogenic carcinoma Vagal irritation
Lung abscess Pacemaker wires
Recurrent aspiration Pleural disease
Aspiration (foreign body, liquid) Pericardial, mediastinal, or diaphragm irritation
Mycoplasma pneumonia Psychogenic cough

Pulmonary tuberculosis
Pulmonary fibrosis

Cystic fibrosis
Acute dyspnea Acute asthma (intermittent dyspnea) Pulmonary hypertension
COPD exacerbation (chronic bronchitis, emphysema) Fever
Tracheobronchitis Anemia
Pneumonia or other parenchymal inflammation Pericardial tamponade
Left-side CHF Lung cancer
Pulmonary edema (acute) Diaphragmatic paralysis
Acute pulmonary emboli Inhalation of noxious fumes or gases
Myocardial ischemia (coronary artery disease, acute or Space-occupying lesions of the thorax
chronic) Anaphylaxis
Pneumothorax Botulism
Hyperventilation (anxiety, metabolic acidosis) Increased intracranial pressure
Hypoxemia

Large pleural effusion

Upper airway obstruction (stridor, croup, epiglottis,
laryngitis, laryngeal edema, foreign body aspiration)

Noncardiogenic pulmonary edema

Aspiration (gastric liquid, foreign body)

Atelectasis

Chest trauma (pulmonary contusions, rib fractures, flail
chest)

Acutely increased work of breathing (decreased
compliance and/or increased resistance)

Shock

Neuromuscular disease

Chronic dyspnea COPD (chronic bronchitis, emphysema, cystic fibrosis) Pulmonary alveolar proteinosis
(intermittent or CHF Alveolar microlithiasis
persistent) Asthma Lipoid pneumonia

Interstitial fibrosis Lung resection

Hypoxemia Recurrent pulmonary emboli
Pulmonary hypertension Lung cancer

Neuromuscular disease Persistent large pleural effusion

(continues)
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CHAPTER 1

TABLE 1-4

Introduction to Patient Assessment

Common and Less-Common Causes of Respiratory Care Assessment Findings (continued)

Problem

‘ Common Causes

Poor physical conditioning with obesity

Anemia

Ascites

Metabolic acidosis

Aortic or mitral valve stenosis

Arterial hypertension

Chronically increased work of breathing (decreased
compliance and/or increased resistance)

Neuromuscular disease

Bronchiectasis

‘ Less-Common Causes

Kyphoscoliosis

Tracheal stenosis

Mitral stenosis

Abdominal mass

Pregnancy

Congenital heart disease

Abnormal hemoglobin

Thyroid disease

Idiopathic pulmonary hemosiderosis

Aortic or mitral valve stenosis or regurgitation

Acute sputum
production

Viral infection (tracheobronchitis, bronchiolitis, pneumonia)
Bacterial infection (tracheobronchitis, pneumonia)
Mycoplasma pneumonia

Lung abscess

Asthma

Inhalation of irritants (smoke, smog, dusts, fumes)

Tuberculosis

Lung abscess
Neoplasms, lung tumor
Foreign body aspiration

Bronchiectasis

Lung abscess

Tuberculosis

Pneumonia (includes necrotizing pneumonias)
Neoplasms, bronchogenic carcinoma
Pulmonary embolism, pulmonary infarction
Cystic fibrosis

Congestive heart failure

Chronic sputum COPD (chronic bronchitis, cystic fibrosis) Bronchiectasis
production Cigarette smoking Tuberculosis
Asthma Lung abscess
Chronic sinusitis with drainage Bronchopleural fistula with empyema
Recurrent aspiration
Hemoptysis Bronchitis (acute and chronic) Trauma

Fungal lung disease (includes allergic bronchopulmonary
aspergillosis)

Empyema

Aspiration (foreign body)

Inhalation of toxic gases

Arteriovenous fistula

Broncholithiasis

Goodpasture syndrome

Idiopathic pulmonary hemosiderosis

Mycetoma

Parasitic infection

Wegener's granulomatosis

Bronchogenic cyst

Pulmonary endometriosis (catamenial hemoptysis)

Anticoagulation

Pleuritic or chest
wall pain

Pleuritis (viral/collagen vascular disease)
Pneumonia

Pulmonary embolism

Empyema

Tuberculosis

Trauma

Rib fracture

Pneumothorax

Hemothorax

Pulmonary infarction

Irritation of intercostal nerves (herpes zoster, spinal
nerve root disease)

Costochondritis

Irritation of the diaphragm

Visceral chest
pain

Tumor, neoplasm of major bronchi, mediastinum
Abnormalities of the heart, aorta, pericardium
Esophageal pain (reflux, tumor)

Acute bronchitis

Peptic ulcer
Cocaine use
Cholecystitis

Substernal pain

Myocardial ischemia, angina pectoris
Myocardial infarction

Esophagitis, esophageal pain
Arrthymias

Myocarditis

Pericarditis

Dissecting aortic aneurysm
Congenital cardiovascular anomalies
Aortic stenosis

Mitral regurgitation

Mitral valve prolapse

Psychogenic chest pain

This article was published in Stoller JK, Bakow ED, Longworth DL, eds. Critical Diagnostic Thinking in Respiratory Care: A Case-Based Approach; Shelledy D, Stoller
JK. An introduction to critical diagnostic thinking, Pages 3-38, Copyright WB Saunders 2002.
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will review diagnostic bronchoscopy, thoracentesis, and
open lung biopsy. Chapter 14 will describe acute and
critical care monitoring and assessment. Chapter 15
will review sleep studies.

It is important to consider all available information
from the patient history, physical examination, and
laboratory and imaging studies before coming to a final
conclusion about the patient’s problem or diagnosis.
Review of the available medical records can be enor-
mously helpful, and additional laboratory and imaging
studies should be limited to those needed to refine the
diagnosis and optimize the patient’s care. Confirmation
or rejection of the primary hypothesis is then depen-
dent on the results of additional diagnostic tests and
laboratory studies.

Formulate and Implement Solutions

Based on the findings from the patient history, physical,
laboratory and imaging studies, and medical records,
the patient’s diagnosis is confirmed and the respiratory
care plan is designed and implemented. The respiratory
care plan may include oxygen and/or humidity therapy;,
aerosol medication administration, lung expansion
therapy, chest physiotherapy, and other techniques for
secretion management, airway care, and/or mechani-
cal ventilatory support. Medical treatment may include
administration of anti-infective agents, anti-inflamma-
tory agents, diuretics, cardiovascular medications, and
other pharmacologic agents. Procedures may include
physical therapy and rehabilitation techniques such as
diet and exercise and, in some cases, surgical interven-
tions. The development and implementation of the
respiratory care plan is discussed in Chapter 2.

Monitor and Reevaluate

Following the establishment of the patient’s diagnosis
and development and implementation of the respira-
tory care plan, the patient is monitored and reevalu-
ated. The respiratory clinician assesses the patient for
improvement (or deterioration) in his or her condition
and the possible development of new problems that
may require further evaluation and treatment. Signifi-
cant changes in vital signs are especially important and
should always lead to reevaluation.

Response to therapy is an important aspect of
patient assessment. For example, reversible broncho-
spasm, as demonstrated by a reduction in wheezing and
improvement in PFT expiratory flow rates (PEFR, FEV )
following bronchodilator therapy, provides additional
evidence for a diagnosis of reversible airways disease
(asthma and some patients with COPD). Improvement
in oxygenation in hypoxemic patients following admin-
istration of low to moderate concentrations of oxygen
therapy (24% to 40%) is associated with pulmonary

Typical Presentations of Common Respiratory Disorders

disorders with low lung ventilation to perfusion ratios
(low V/Q). Examples of conditions in which hypoxemia
may be caused by low V/Q include asthma, chronic
bronchitis, emphysema, bronchiectasis, cystic fibrosis,
and CHF. Conditions that may require high concen-
trations of oxygen in order to reverse hypoxemia are
associated with intrapulmonary shunting and include
atelectasis, severe pneumonia, acute lung injury (ALI),
and acute respiratory distress syndrome (ARDS).
Thus, response to oxygen therapy can help support (or
refute) a specific patient diagnosis.

Common mistakes in clinical problem solving
include failure to consider possible causes that should
be considered, consideration of only exotic or uncom-
mon diseases, failure to consider that two or more
problems may coexist, and inadequate information
gathering and processing. Sometimes a diagnosis has
been assigned to a patient without adequately consid-
ering alternative explanations. For example, a known
COPD patient may suffer from a myocardial infarction
(MI) and come to the emergency department. By misla-
beling the patient as suffering from acute exacerbation
of COPD, a potentially catastrophic outcome could
result. Any diagnosis should be considered as provi-
sional until confirmed by all of the evidence, including
appropriate response to therapy. Clinical Focus 1-2 pro-
vides an example of clinical problem solving.

Typical Presentations of Common
Respiratory Disorders

Common respiratory disorders include restrictive lung
disease, obstructive lung disease, and problems of
oxygenation and ventilation. Obstructive disorders are
associated with a decrease in PFT expiratory flow rates
(FEV,, FEV,. .., PEF) and include asthma, chronic
bronchitis, emphysema, combined/COPD, bronchiec-
tasis, and cystic fibrosis. Because patients have trouble
getting air out of the lungs, the FEV,/FVC ratio is
reduced. Restrictive disorders are associated with a
decreased ability to take a deep breath in, as indicated
by a reduced inspiratory capacity (IC), vital capacity
(VC), and total lung capacity (TLC) as assessed by PFT.
Acute restrictive problems include pneumonia, atel-
ectasis, ALL, ARDS, pleural effusion, pneumothorax,
and pulmonary edema associated with CHF. Chronic
restrictive disorders include pulmonary fibrosis, lung
cancer, thoracic deformity, neuromuscular weakness,
and obesity. Both restrictive and obstructive disorders
can lead to problems with oxygenation and ventilation.
Other common respiratory care—related problems often
seen in the acute care setting that may affect oxygen-
ation and or ventilation are listed in Clinical Focus 1-3.
Typical presentations of common respiratory disease
states and conditions are described in Table 1-5.
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CHAPTER 1 Introduction to Patient Assessment

CLINICAL FOCUS 1-2

Clinical Problem Solving

Identify the Problem

Mr. Smith, a 56-year-old male patient, presents to the emergency department (ED) with complaints of increasing
shortness of breath (dyspnea), difficulty breathing in the supine (flat) position (orthopnea), and a history of chronic
cough with increasing sputum production.

Gather Additional Information to Clarify the Problem

Upon interview, Mr. Smith indicates he has had a recent change in the color, consistency, and volume of sputum
production and worsening ability to perform activities of daily living (ADL) due to increasing shortness of breath.
Mr. Smith has an extensive smoking history (two packs a day for 20 years, or 40 pack-years) as well as chronic
cough with over a tablespoon per day of generally clear sputum produced. The cough with sputum production has
been present most days for over 2 consecutive years. Sputum production has increased over the last several days
and is now purulent (containing pus). Current medications include use of an albuterol (a bronchodilator) inhaler at
home.

On physical examination, Mr. Smith has an increased AP diameter of the chest, accessory muscle use on inspi-
ration, and diminished breath sounds with a prolonged expiratory phase, along with crackles and bronchial breath
sounds. Vital signs include an increased heart rate (pulse = 115, tachycardia), increased respiratory rate (f = 26,
tachypnea), and elevated temperature. Pulse oximetry indicates a reduced arterial oxygen saturation (Spo, = 82%)
while breathing room air. Together, the symptoms and signs identified on history and physical exam make up the
patient’s problem list.

Formulate Possible Explanations (Hypothesis Formulation)

Mr. Smith’s findings so far can be summarized as follows:
» History findings are associated with a chronic respiratory problem:
o Chronic cough with sputum production
o Decreased ability to perform ADLs
o Smoking history of 40 pack years
o Home use of inhaled medications (albuterol inhaler)
» Physical examination findings are associated with acute distress:
o Tachypnea, accessory muscle, and tachycardia.
o Increasing dyspnea, orthopnea.
o Diminished breath sounds indicate decreased air movement and a prolonged expiratory phase is associated
with air trapping.
o Crackles upon auscultation are associated with alveolar fluid or, in some cases, fibrosis.
o Bronchial breath sounds heard over the periphery of the chest are associated with consolidation.
o Increased chest diameter is associated with overinflation of the lungs.
> Reduced Spo, on room air indicates hypoxemia.
Common causes for these findings include chronic bronchitis, bronchiectasis, and acute exacerbation of COPD.
Acute exacerbation of COPD can be precipitated by increased air pollution, upper respiratory tract infection, flu
virus, bacterial infection, or pneumonia.

Test Possible Explanations (Hypothesis Testing)

Mr. Smith presents with increasing dyspnea, tachypnea, tachycardia, reduced Spo,, accessory muscle use, and
chronic cough with recently increased purulent sputum production. These findings, along with a significant smok-
ing history, increased AP chest diameter, abnormal breath sounds, and prolonged expiratory phase suggest that Mr.
Smith is likely suffering from an acute exacerbation of COPD; however, other acute and chronic pulmonary prob-
lems will need to be ruled out.

Common causes of acute exacerbation of COPD include viruses, bacteria, and possibly air pollution. Rhinovirus
(common cold virus), respiratory syncytial virus (RSV), influenza, parainfluenza, adenovirus, and bacterial infec-
tion have all been associated with COPD exacerbation. Consequently, an upper respiratory tract infection, the
common cold or flu, and possible development of pneumonia will need to be considered. Laboratory and imaging
studies that should be considered include arterial blood gas analysis, complete blood count (CBC), blood chemistry,
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Typical Presentations of Common Respiratory Disorders 17

and chest radiograph to test our hypothesis that the patient is suffering from an acute exacerbation of COPD.
Pulmonary function testing should also be performed when the patient has recovered in order to document the
presence and severity of COPD.

Formulate and Implement Solutions

Mr. Smith’s history, physical examination, and vital signs are consistent with acute exacerbation of COPD.
Arterial blood gases show chronic ventilatory failure with moderate to severe hypoxemia (pH = 7.35; Pao, = 47
torr; Paco, = 55 torr; Sao, = 82%). CBC indicates slightly elevated hemoglobin and an increased white blood
cell count. Blood chemistry indicates electrolytes in the normal range, except for potassium, which is slightly
reduced. The chest radiograph indicates hyperinflation and what appear to be new infiltrates. These findings
are consistent with acute exacerbation of COPD associated with a superimposed pneumonia.

Treatment of acute exacerbation of COPD should include oxygen therapy and aerosolized bronchodila-
tors (B,-agonists and/or anticholinergic agents). A short course of steroids may be considered and antibiotics
to treat pneumonia as well as the exacerbation of COPD. Noninvasive positive pressure ventilation (NIPPV)
should be considered in the presence of elevated Paco, with acidosis and continuing ventilatory distress. If
NIPPV fails, invasive mechanical ventilation may be required in the presence of worsening hypoventilation
with acidosis. Potassium replacement may be needed in the presence of low potassium, and diuretics may be
given to treat peripheral edema and fluid overload.

Monitor and Reevaluate

The respiratory care plan for Mr. Smith includes oxygen therapy at 2 L/min via nasal cannula to maintain

his Spo, in the range of 88% to 90% and avoid further (oxygen-induced) hypercapnea (due to his preexisting
chronic CO, retention). Bronchodilator therapy, steroids, and antibiotics are ordered. Mr. Smith should now
be monitored for adequate oxygenation, ventilation, and acid-base balance. Once the acute COPD exacerba-
tion/pneumonia has been reversed, a smoking cessation program should begin and pulmonary function testing
completed. Inhaled bronchodilators, in combination with inhaled steroids, may be useful to reduce future hos-
pitalizations. Triple therapy, which may combine tiotropium (an anticholengeric bronchodilator), salmeterol (a
long-acting B, bronchodilator [LABA]), and an inhaled steroid may be useful to reduce future hospitalizations.
A formal pulmonary rehabilitation program should also be considered.

CLINICAL FOCUS 1-3

Common Disease States and Conditions Seen in Respiratory Care

Acute Restrictive Disease

Acute bronchitis Lung cancer

Acute lung injury (ALI)* Pleural effusion/pleural disease
Acute respiratory failure Pneumonia

Acute respiratory distress syndrome (ARDS) Pneumothorax

Atelectasis Pulmonary edema

*Recently, the Berlin Definition of ARDS has incorporated variables and related criteria for mild ARDS that were previously described as ALL

Chronic Restrictive Disease

Interstitial lung disease (pulmonary fibrosis/other) Sarcoidosis (restrictive/obstructive)
Lung cancer Obesity
Thoracic deformity Pneumoconiosis
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Obstructive Disease

Asthma
Bronchiectasis
Chronic bronchitis
COPD

Cardiac and Circulatory Problems

Abdominal aortic aneurysm
Abnormal cardiac stress test
Cardiac arrhythmias

Chronic hypertension

Acute myocardial ischemia
Aortic valve disease

Heart murmur

Congestive heart failure (CHF)
Coronary artery disease (CAD)
Hyperlipidemia

Other Problems Affecting the Cardiopulmonary System

Alcohol and drug abuse

Anemia

Burns and smoke inhalation

Chest trauma

Diabetes

Drug overdose

Fluid and electrolyte disturbances

Fungal lung disease

Hypersensitivity pneumonitis

Malnutrition

Neurologic problems affecting ventilatory drive
Neuromuscular disease affecting respiration

TABLE 1-5

Cystic fibrosis

Emphysema

Sarcoidosis (restrictive/obstructive)
Upper airway obstruction

Mitral valve prolapse

Myocardial infarction (MI)

Chronic, stable angina

Congenital heart disease

Peripheral artery disease (claudication)

Peripheral edema

Pulmonary vascular disease (pulmonary embolus,
pulmonary hypertension)

Syncope

Obesity

Postoperative care

Preoperative care

Renal failure

Sepsis

Shock (cardiogenic, hypovolemic, septic,
anaphylactic)

Sleep-disordered breathing

Tobacco addiction/dependence

Trauma

Upper respiratory tract infection

Typical Presentation of Common Respiratory Disease States and Conditions

Disease State or Condition

History

Physical Examination

Laboratory Tests

Viral upper respiratory infection

Nasal congestion, runny
nose, scratchy sore throat,
laryngitis, cough, sputum
production

Mucopurulent nasal discharge;
fever; pharynx pale, boggy,
swollen

Breath sounds may show
gurgles or coarse rhonchi

Chest radiograph may be clear,
throat culture to rule out
streptococcal infection

Sinusitis

Postnasal drip, cough, sneezing,
nasal congestion, facial pain,
pressure or fullness

Headache pain worsened by
touch

Sinus CT scan

Mycoplasma bronchitis or
pneumonia

Dry hacking cough progressing
to cough with purulent sputum

Fever, crackles, signs of
pneumonia

Chest radiograph shows
signs of pneumonia, Gram
stain negative except for
neutrophils, bedside cold
agglutinins positive, ESR
elevated
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TABLE 1-5

Typical Presentations of Common Respiratory Disorders

Typical Presentation of Common Respiratory Disease States and Conditions (continued)

Disease State or Condition

History

Physical Examination

Laboratory Tests

or thoracic surgery,
immobilization, chest wall pain,
muscular weakness, thoracic
or abdominal limitation to
diaphragmatic excursion
(ascites, obesity, peritonitis,
thoracic deformity, etc.),
weakness, neuromuscular
disease, pneumonia or other
acute restrictive disease,
other chronic restrictive
pulmonary disease, sedatives
or narcotics

over affected side, absent or
diminished breath sounds, dull
percussion node, crackles

Pneumonia Cough, purulent or rusty Sudden onset, spiking fever with | New or progressive infiltrate
sputum, fever, chills, dyspnea, rigors, mental status changes on chest radiograph, sputum
pleuritic chest pain (in elderly associated with hypoxemia, analysis (color, amount,
patients: sometimes only tachycardia, tachypnea, consistency, odor, Gram stain,
confusion, fatigue, with cyanosis, crackles, bronchial direct fluorescent antibody
minimal or no pulmonary breath sounds, egophony, stain, fungal stains, acid-fast
complaints) vocal fremitus, diminished stains, culture and sensitivity),

breath sounds, dull percussion WBC with differential
note

Atelectasis History of recent abdominal Decreased chest wall movement | Findings associated with

atelectasis on chest
radiograph, decreased
inspiratory capacity, vital
capacity

COPD exacerbation (chronic
bronchitis, emphysema)

Chronic cough with sputum
production (chronic bronchitis),
increased dyspnea, orthopnea,
decreased mobility

Diffuse wheezing, cyanosis
(chronic bronchitis), dependent
edema, clinical manifestations
of hypoxemia, increased AP
diameter, accessory muscle
use, pursed lip breathing,
diminished breath sounds,
prolonged expiration,
wheezing, crackles, rhonchi

Decreased FEV /FVC;
hyperinflation on chest
radiograph, possible new
infiltrates

Pleural effusion

Dyspnea, pleuritic chest pain,
cough

Chest wall movement reduced
over affected side, dull
percussion note, absent or
diminished breath sounds over
effusion, egophony and/or
bronchial breath sounds above
effusion, pleural rub may be
present

Chest x-ray consistent
with pleural effusion,
thoracentesis, pleural fluid
analysis (appearance, WBC
and differential, Gram stain,
culture, glucose, amylase)

Pneumothorax

Chest pain, dyspnea

Tachycardia, tachypnea,
respiratory distress, tracheal
deviation to opposite side with
tension, decreased chest wall
movement on affected side,
resonant or hyperresonant
percussion note, absent or
decreased breath sounds

Chest x-ray consistent with
pneumothorax, arterial blood
gases, oximetry may show
hypoxemia with or without
hypercapnea

ESR, erythrocyte sedimentation rate; WBC, white blood cell count.
This article was published in Stoller JK, Bakow ED, Longworth DL, eds. Critical Diagnostic Thinking in Respiratory Care: A Case-Based Approach; Shelledy D, Stoller
JK. An introduction to critical diagnostic thinking, Pages 3-38, Copyright WB Saunders 2002.
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Key Points

>

Respiratory care patient assessment includes the
history, physical examination, and diagnostic
testing (laboratory tests and imaging studies).
Patient assessment is needed to ensure that
patients’ problems are properly identified, priori-
tized, evaluated, and treated.

Health may be defined as a person’s overall men-
tal, physical, and social well-being.

The primary factors that determine health are
individual genetic makeup; access to medi-
cal care; environmental factors (housing, work,
school); and personal health-related behaviors,
such as smoking, physical exercise, nutrition, and
the use of drugs and alcohol.

The top five leading causes of death in the United
States are heart disease, cancer, COPD, stroke,
and accidents.

The major drivers of the modern healthcare sys-
tem are quality, access, and cost.

Patients with chronic disease, such as asthma,
COPD, heart disease, and diabetes, account for
about 75% of overall healthcare spending.

In spite of spending more on healthcare, the
United States ranks below many other nations in
measures of overall health.

Careful patient assessment may reduce misallo-
cation of care, decrease costs, and save valuable
resources.

A major goal of patient assessment is to ensure
that patients receive the right care at the right
time and that unnecessary care is reduced or
eliminated.

Evidence-based practice uses research findings to
aid in clinical decision making.

The best sources of evidence for clinical deci-
sion making include the results of well-designed
randomized controlled trails (RCTs), systematic
reviews, expert panel recommendations, and
national/international clinical practice guidelines
and standards.

Critical thinking to establish a patient’s diagno-
sis includes identifying the problem, gathering
additional information, formulating hypotheses,
hypothesis testing, formulating and implement-
ing solutions, and monitoring and reevaluating
the patient.

Common respiratory problems include cough,
dyspnea, sputum production, hemoptysis, and
chest pain.

Common respiratory disease states or condi-
tions requiring patient assessment include upper
respiratory tract infection, pneumonia, atelecta-
sis, asthma, emphysema, COPD, acute or chronic
bronchitis, acute respiratory failure, ALI, ARDS,
pulmonary edema, chest trauma, interstitial lung
disease, and lung cancer.
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CHAPTER OUTLINE KEY TERMS
Introduction to Respiratory Care Plans acute lung injury (ALI) history
Common Conditions Requiring Care Plan Development acute respiratory distress hypoxemia

Respiratory Care Plan Development

Maintain Adequate Tissue Oxygenation

Treat and/or Prevent Bronchospasm and Mucosal Edema
Mobilize and Remove Secretions

Provide Lung Expansion Therapy

Critical Care and Mechanical Ventilation

Diagnostic Testing

Respiratory Care Plan Format

CHAPTER OBJECTIVES

1. Describe the purpose of a respiratory care plan.

2. ldentify the key elements of a respiratory care plan.

3. Describe common conditions that may require
development of a respiratory care plan.

4. Define respiratory failure, and give examples of several
types of respiratory failure.

5. Define ventilatory failure, and contrast acute ventilatory
failure and chronic ventilatory failure.

6. Give examples of appropriate outcome measures for a
respiratory care plan.

7. Outline the key steps in the development and

syndrome (ARDS)
acute respiratory failure
acute ventilatory failure
(AVF)
anti-inflammatory agents
antiasthmatic medications
asthma
atelectasis
bronchial hygiene
bronchiectasis
bronchodilator therapy
bronchospasm
chest physiotherapy (CPT)
chronic bronchitis
chronic ventilatory failure
(CVF)
chronic obstructive
pulmonary disease
(COPD)

Overview

incentive spirometry (IS)

intermittent positive
pressure breathing
(IPPB)

lung expansion therapy

mechanical ventilation

mucosal edema

oxygen therapy

physical

pneumonia

positive airway pressure
(PAP)

protocol

pulmonary edema

respiratory care plan

retained secretions

SOAP notes

treatment menu

implementation of a respiratory care plan.

8. Develop a respiratory care plan to maintain adequate
tissue oxygenation.
9. Create arespiratory care plan for the treatment and/or
prevention of bronchospasm and mucosal edema.
10. Describe the care of patients with asthma and COPD.
11. Design arespiratory care plan to mobilize secretions.
12. Propose a respiratory care plan for the treatment and/or
prevention of atelectasis and pneumonia.
13. Give examples of types of respiratory care plans used in
the intensive care unit.
14. Explain the role of diagnostic testing in the development of

a respiratory care plan.

This chapter provides a guide to the development,
implementation, and evaluation of respiratory care
plans. In order to develop an appropriate respiratory
care plan, the clinician must first perform a thorough
patient assessment, including a review of the patient’s
existing medical record, a patient interview, and a
physical assessment. The bedside measurement of clini-
cal parameters related to oxygenation, ventilation, and
pulmonary function may be performed. Pulse oximetry
(Spo,) is often used to assess oxygenation status. Arte-
rial blood gases should be obtained if there is concern

23
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CHAPTER 2 Development and Implementation of Respiratory Care Plans

regarding the patient’s ventilatory status, acid—base
balance, or the reliability of Spo, values. Laboratory,
imaging, and other diagnostic studies may be needed
to further define and clarify the patient’s problem and
diagnosis. Following establishment and clarification of
the patient’s diagnosis and/or problem list (see Chapter
1), a respiratory care plan is developed, implemented,
and evaluated.

Introduction to Respiratory
Care Plans

The respiratory care plan provides a written descrip-
tion of the care the patient is to receive. The plan
is based on a careful patient interview and physical
assessment, review of diagnostic test results, and con-
sideration of the treatment modalities available, some-
times known as the treatment menu. The respiratory
care plan may take the form of physician’s orders, a
detailed progress note in the medical record, an estab-
lished protocol, completion of a standardized respira-
tory care consultation and treatment plan, or the use of
problem-oriented medical records (e.g., SOAP notes).
The respiratory care plan can be viewed as an individu-
alized protocol for the patient.

A basic respiratory care plan often includes the fol-
lowing elements:

m Goals of therapy

Device or procedure to be used or medications to
be given

Method or appliance to be used

Gas source or oxygen concentration

Device pressure, volume, and/or flow

Frequency of administration and duration of
therapy

SOAP notes are sometimes used to document
patient care plans:

S (Subjective): Refers to what the patient says or
subjective information obtained from chart.

O (Objective): Refers to what the clinician
observes or objective test results.

A (Assessment): Refers to the clinician’s
assessment.

P (Plan): Refers to the plan of care.

The respiratory care plan may also include a state-
ment of how the intensity and/or duration of therapy
will be adjusted and when the therapy will be discon-
tinued. Assessment of the outcomes of therapy may
also be included, as well as measurable objectives of the
care delivered.

In summary, the respiratory care plan provides the
written plan of treatment that the patient will receive.
The plan may include goals, rationale, significance, and
a description of how care will be assessed. Following a
careful patient assessment, the respiratory care plan is

TABLE 2-1
Types of Care Provided in the Respiratory Care Plan

Basic Respiratory Care

e Oxygen therapy

Secretion management

Sputum induction

Management of bronchospasm and mucosal edema
Lung expansion therapy

Critical Respiratory Care
¢ Invasive mechanical ventilatory support

¢ Noninvasive mechanical ventilatory support
e Physiologic monitoring

e Cardiac and hemodynamic monitoring

e Suctioning and airway care

e Airway intubation

e Advanced cardiovascular life support

e Metabolic studies

e Extracorporeal membrane oxygenation

e Mechanical circulatory assistance

e Basic care in the intensive care setting

Diagnostic Testing

e Oximetry

e Arterial blood gases

e Pulmonary function testing

e Cardiac testing (e.g., ECG, invasive cardiology, cardiac
catheterization laboratory)

Ultrasound (echocardiography, other)

e Sleep studies

e Exercise testing

Special Procedures
Transport

Patient education
Smoking cessation
Disease management
Pulmonary rehabilitation
Cardiac rehabilitation

developed, implemented, and evaluated. A summary of
the types of care often included in the respiratory care
plan is provided in Table 2-1.

Common Conditions Requiring
Respiratory Care Plan
Development

Problems that affect oxygenation and/or ventilation
often require the development of a respiratory care plan.
Other common respiratory problems include bron-
chospasm and mucosal edema, retained secretions,
airway plugging, infection, consolidation, inadequate
lung expansion, atelectasis, and pulmonary edema.
Common disease states or conditions encountered in
the physician’s office, clinic, or acute care setting that
may require respiratory care include upper respiratory
tract infection, pneumonia, acute bronchitis, asthma,
chronic obstructive pulmonary disease (COPD; includ-
ing emphysema and chronic bronchitis), pulmonary
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hypertension, congestive heart failure (CHF), lung can-
cer, pulmonary fibrosis, pulmonary emboli, postopera-
tive pulmonary complications, and acute respiratory
failure (see Chapter 1).

Respiratory Failure

Respiration refers to the exchange of oxygen (O,) and
carbon dioxide (CO,) across the lung and pulmonary
capillaries (external respiration) and at the tissue level
(internal respiration). Respiratory failure, broadly
defined, is an inability of the heart and lungs to provide
adequate tissue oxygenation and/or carbon dioxide
removal."? Acute respiratory failure may be defined

as a sudden decrease in arterial blood oxygen levels
with or without carbon dioxide retention."? Acute lung
injury (ALI) and acute respiratory distress syndrome
(ARDS) are two special cases of respiratory failure that
are characterized by oxygenation problems that gener-
ally do not respond well to basic oxygen therapy. The
term hypoxemic respiratory failure (aka “lung failure”)
is sometimes used when the primary problem is oxy-
genation.? Chapter 6 describes the assessment of a
patient’s oxygenation status. Box 2-1 summarizes the
various types of respiratory failure.

The most common reason for initiation of mechani-
cal ventilatory support is hypercapnic respiratory fail-
ure (aka “ventilatory failure” or “pump failure”).>* Acute
ventilatory failure (AVF) can be defined as a sudden rise
in arterial CO, levels (as assessed by Paco,) with a cor-
responding decrease in pH.? Respiratory muscle fatigue
and an increased work of breathing may lead to acute
ventilatory failure. Decreased ventilatory drive due to
narcotic or sedative drug overdose, head trauma, or
stroke can also result in AVE. Common disease states
or conditions associated with the development of AVF
include severe pneumonia, ALI, ARDS, massive or
submassive pulmonary emboli, CHF, and pulmonary
edema. Shock, trauma, smoke or chemical inhalation,
aspiration, and near drowning may also cause AVF.
Acute exacerbation of COPD, acute severe asthma,
severe burns, upper airway obstruction, obesity, and
thoracic deformity all predispose patients to the
development of AVF. Neuromuscular disease such as
Guillain-Barré syndrome, myasthenia gravis, and spinal
cord injury may also precipitate AVF.

Chronic ventilatory failure (CVF) (aka “chronic
hypercapnea”) may be defined as a chronically elevated
Paco, with a normal (compensated) or near-normal
pH.? The most common cause is severe COPD,
although not all COPD patients develop chronic ven-
tilatory failure. Ventilatory failure usually suggests
that less than 25% of alveoli are functioning. Acute
pneumonia in COPD patients often will result in AVF
that resolves as the pneumonia improves and inflam-
matory cells are cleared from the airway. Other chronic
lung diseases, such as late-stage cystic fibrosis, severe
interstitial lung disease, and obesity-hypoventilation

Respiratory Care Plan Development

syndrome, are associated with the development of CVE.
Evaluation of ventilation is described in Chapter 7.
Respiratory failure requires careful patient assess-
ment and then the development and implementation
of the respiratory care plan. Common causes of respi-
ratory failure are listed in Box 2-2. Clinical Focus 2-1
provides an example of a specific type of respiratory
failure.

Respiratory Care Plan
Development

The process for respiratory care plan development
generally includes the receipt of an order for a specific
type of respiratory care or for a respiratory care con-
sult. The process for developing a respiratory care plan
may begin when a patient enters the healthcare setting
with a problem or complaint. Sometimes the need for
respiratory care is not immediately apparent and, in the
acute care setting, patients often require respiratory
care at some point following admission to the hospital.

Following initial assessment and verification of the
patient’s problem or diagnosis by the physician, nurse
practitioner, or physician assistant, an order for respira-
tory care may be written. Upon receipt of an order, the
respiratory care clinician performs a medical records
review, patient interview, and physical assessment.
Bedside measurement of Spo, and basic pulmonary
function parameters may be performed. Following this
assessment, the respiratory care clinician may then
select the appropriate care based on the patient’s con-
dition. The goal is to optimize the match between the
care needed and the care “menu,” or treatment options
that are available. Basic respiratory care options include
techniques to improve oxygenation and manage secre-
tions, treatment for bronchospasm and mucosal edema,
and lung expansion therapy.

A typical basic respiratory care treatment menu is
provided in Table 2-2. Following selection of a respira-
tory care treatment regimen, the patient’s physician
should be notified and given the opportunity to review
and/or modify the care plan. The care is then delivered.
The patient is monitored, and the care plan is reevalu-
ated based on the patient’s response to therapy.

Figure 2-1 summarizes the steps in respiratory care
plan development and implementation.

Goals of Respiratory Care Plans

Respiratory care plans may be developed for basic and
critical respiratory care, diagnostic testing, and special-
ized procedures (Table 2-1). Goals of the respiratory
care plan may include maintaining or improving oxy-
genation and ventilation, managing secretions, treating
or preventing bronchospasm and mucosal edema, and
treating and/or preventing atelectasis and pneumo-
nia. Basic respiratory care plans may include oxygen
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26 CHAPTER 2 Development and Implementation of Respiratory Care Plans

BOX 2-1
Types of Respiratory Failure

Respiratory Failure

Respiratory failure is a general term that indicates the inability of the heart and lungs to provide adequate tissue
oxygenation and/or carbon dioxide removal.

Acute Respiratory Failure

Acute respiratory failure may be defined as a sudden decrease in arterial blood oxygen levels (arterial partial
pressure of oxygen [Pao,] < 50 to 60 mm Hg; arterial oxygen saturation [Sao,] < 88% to 90%), with or without
carbon dioxide retention (arterial partial pressure of carbon dioxide [Paco,] > 45 mm Hg):
o Hypoxemic respiratory failure (lung failure) refers to a primary problem with oxygenation.
o Hypercapnic respiratory failure (pump failure) refers to a primary problem with ventilation. Hypercapnic
respiratory failure is also known as ventilatory failure.

Ventilatory Failure

Ventilatory failure may be defined as an elevated Paco, (> 45 to 50 mm Hg). An increased Paco, may also be
called hypoventilation or hypercapnea:
 Acute ventilatory failure is defined as a sudden increase in arterial Paco, with a corresponding decrease in
pH.
+ Chronic ventilatory failure is defined as a chronically elevated Paco, with a normal or near-normal pH
owing to metabolic compensation.
 Acute on chronic ventilatory failure is defined as a chronically elevated Pco, followed by an acute increase
in the Pco, and a corresponding fall in pH.

Acute Lung Injury and Acute Respiratory Distress Syndrome

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) are forms of noncardiogenic hypoxemic
respiratory failure as defined by the Pao,/F10, ratio. The characteristics of ALI/ARDS are:
o Bilateral pulmonary infiltrates on chest x-ray
o Pulmonary capillary wedge pressure < 18 mm Hg
+ Pao,/F10, < 300 = ALL This is equivalent to a Pao, of less than 63 torr while breathing room air (F1o, =
0.21).
+ Pao,/F10, < 200 = ARDS. This is equivalent to a Pao, of less than 42 torr while breathing room air (F1o, =
0.21)
More recently, the Berlin definition of ARDS was proposed based on symptom timing, chest imaging, and
Pao,/F10, ratio while receiving at least 5 cm H,O of PEEP or CPAP. This revised definition combines aspects
of ALI and ARDS and requires (1) identification of respiratory symptoms within 1 week of new or worsening
symptoms or a known clinical insult; (2) bilateral opacities upon chest imaging (chest x-ray or CT scan); (3)
opacities that cannot due to lobar collapse, lung collapse, pulmonary effusion, or pulmonary nodules; (4) pul-
monary edema that cannot be due to cardiac failure or fluid overload as assessed by echocardiography or other
measures to exclude hydrostatic edema (e.g. PCWP < 18 mm Hg); and (5) Pao,/F10, < 300 mm Hg with PEEP or
CPAP > 5 cm H,O where:
+ Pao,/Fi0, < 300 mm Hg—mild
« Pao,/F10, < 200 mm Hg—moderate
e Pao,/F10, < 100 mm Hg—severe

CPAP, continuous positive airway pressure; F10,, fraction of inspired oxygen; Paco,, partial pressure of arterial carbon dioxide; Pao,, par-
tial pressure of arterial oxygen; PEEP, positive end-expiratory pressure. If altitude is higher than 1000 m, then correction factor

should be calculated as follow: [Pao,/F10, x (barometric pressure/760)].

Data from: ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, et al. Acute respiratory distress syndrome:

the Berlin Definition. JAMA. 2012;307(23):2526-2533. doi: 10.1001/jama.2012.5669.
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Respiratory Care Plan Development

BOX 2-2

Common Causes of Respiratory Failure

Oxygenation Problems

Low ventilation/perfusion ratio (low V/ Q)
o Underventilation with respect to pulmonary perfusion
o Examples: Asthma, emphysema, COPD, cystic fibrosis, bronchiectasis
Pulmonary shunt
o No ventilation with respect to pulmonary perfusion
o Examples: ALI/ARDS, atelectasis, pneumonia, rarely pulmonary edema
Diffusion problems
o Impaired diffusion due to increased diffusion distance, block
o Example: Early pulmonary fibrosis
Hypoventilation
+ Increases in Paco, result in a corresponding decrease in Pao,
Low blood oxygen content
+ Low Pao,, Sao,, or hemoglobin
o Examples:
« Low Pao, may be due to low V/Q, shunt, diffusion problems, or hypoventilation
o Low hemoglobin (anemia), abnormal hemoglobin (carbon monoxide poisoning)
Increased pulmonary dead space
o Examples: Pulmonary embolus, obliteration of the pulmonary capillaries (as in severe emphysema)

Ventilation Problems

Acute ventilatory failure (AVF)
+ A sudden increase in Paco, with a corresponding decrease in pH
« Examples of conditions associated with AVF:
o ALI/ARDS, severe pneumonia.
o Shock, chest trauma, pneumothorax, head trauma, stroke, spinal cord injury, smoke or chemical inhala-
tion, aspiration, near drowning.
o Sedative or narcotic drug overdose, paralytic drugs, deep anesthesia.
o Respiratory muscle fatigue and increased work of breathing due to acute exacerbation of COPD, acute
severe asthma, severe obesity, thoracic deformity.
o Neuromuscular disease associated with respiratory failure, such as Guillain-Barré, amyotrophic lateral
sclerosis (ALS), myasthenia gravis, polio, critical illness/steroid myopathy, botulism, tetanus.
o Patients recovering from abdominal or thoracic surgery may need mechanical ventilatory support.
Chronic ventilatory failure
A chronically elevated Paco, with normal or near-normal pH
o Examples: Chronic bronchitis, severe COPD, obesity-hypoventilation syndrome

Data from: West JB. Acute respiratory failure. In: West JB, ed. Pulmonary Physiology and Pathophysiology: An Integrated, Case-
Based Approach, 2nd ed. Philadelphia: Lippincott, Williams & Wilkins; 2007: 116—133.

therapy, secretion management, treatment of broncho- care may include mechanical ventilatory support,
spasm and mucosal edema, and lung expansion therapy. airway care, physiologic monitoring, cardiovascular

Diagnostic respiratory care procedures include tech- stabilization, mechanical circulatory assistance, and
niques to assess oxygenation, ventilation, acid—base extracorporeal membrane oxygenation (ECMO). We
balance, and pulmonary function and to obtain sputum will now turn to the development of specific respiratory
samples (e.g., sputum induction) for Gram stain, cul- care plans based on an assessment of the patient’s needs
tures, and cytologic examination. Critical respiratory and the related goals of therapy.
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28 CHAPTER 2 Development and Implementation of Respiratory Care Plans

CLINICAL FOCUS 2-1

Respiratory Failure

A 30-year-old male was admitted to the hospital following a motor vehicle accident with chest trauma. The
patient’s increasing respiratory distress, tachypnea, and hypoxemia while breathing room air led to intubation and
the initiation of mechanical ventilation. The chest x-ray shows bilateral pulmonary infiltrates; however, there is no
evidence of cardiogenic pulmonary edema. Current arterial blood gases while being supported in the assist-control
mode of ventilation with an F1o, of 0.60 are:
pH: 7.36
Paco,: 36 mm Hg
Pao,: 62 mm Hg
Sao,: 90%
HCO,: 20 mEq/L
B.D.: -5 mEq/L
How would you describe the patient’s respiratory condition? (Hint: Before describing the patient’s condition,
review the definitions and descriptions of respiratory failure found in Box 2-1).
The patient is in acute respiratory failure. The patient has bilateral pulmonary infiltrates, no evidence of
cardiogenic pulmonary edema, and a Pao,/F10, ratio of 103, which is consistent with a diagnosis of ARDS.

The definition of ARDS was clarified by a 1992 American-European Consensus Conference. Rubenfeld GD, Herridge MS. Epidemiology and
outcomes of acute lung injury. Chest. 2007;131(2):554—562.

TABLE 2-2

Respiratory Care Treatment Menu

Oxygenation Bronchospasm/Mucosal Edema

¢ Nasal cannula e Bronchodilator therapy (small-volume nebulizer, MDI, DPI)
e Oxygen masks (simple/partial/nonrebreather) ¢ Antiinflammatory agents (steroids)

e High-flow systems (“Venturi” masks, large-volume air- ¢ Antiasthmatic aerosol agents (cromolyn, etc.)

entrainment nebulizers)
e CPAP by mask
e PEEP (may require invasive mechanical ventilation)

Ventilation Lung Expansion Therapy
¢ Noninvasive mechanical ventilation (includes BiPAP) e Cough and deep-breathing techniques
¢ Invasive mechanical ventilation e Suctioning
¢ Incentive spirometry
e |PPB
Secretion Management Frequency of Treatment Options
¢ Directed cough and deep-breathing instruction e Continuous
e Suctioning (NT, ET, tracheostomy suctioning) e FEvery 1to 2 hours
e Chest physiotherapy (postural drainage, percussion, vibration) e Every 4 hours
¢ High-volume bland aerosol therapy (ultrasonic nebulizer, e Every 6 hours
heated large-volume nebulizer) e Four times a day
e Mucus-controlling agents (mucolytics) e Three times a day
e Two times a day
Sputum Induction/Obtain Specimen e Daily
e Directed cough e As needed

e Hypertonic saline aerosol
e Suctioning (NT, ET, tracheostomy suctioning)

CPAP, continuous positive airway pressure; PEEP, positive end expiratory pressure; BiPAP, bilevel positive airway pressure; NT, nasotracheal; ET, endotracheal; MDI,
metered dose inhaler; DPI, dry powder inhaler; IPPB, intermittent positive pressure ventilation.
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LOrder for respiratory care received

\
Perform assessment
Chart review
Patient interview
Physical assessment

Y

Establish desired treatment goals,
objectives, or outcomes

Y

{ Evaluate/select treatment ‘

Y

’ Physician notification/revieww

Y

l Deliver respiratory care ‘

Y

y Chart in the medical record ‘

Y

Monitor, modify, and reevaluate
based on patient response

FIGURE 2-1 Steps in the development and implementation of
the respiratory care plan.

Key Elements of a Respiratory Care Plan

The key elements of a basic respiratory care plan are
listed in Box 2-3 and include the goals of therapy,
devices, medications, methods, gas source, and fre-
quency of administration. Assessment of basic respi-
ratory care should note improvement in oxygenation
and ventilation, work of breathing, breath sounds, and,
in some cases, pulmonary function and blood gases.
Box 2-4 lists the key elements of a respiratory care plan
for mechanical ventilatory support.

Maintain Adequate Tissue
Oxygenation

Oxygen therapy is indicated for documented or sus-
pected hypoxemia, severe trauma, acute myocardial
infarction (MI), and immediate postoperative recovery.
It also may be indicated to support the patient with
chronic lung disease during exercise and to prevent or
treat right-side CHF (cor pulmonale) due to chronic
pulmonary hypertension.® A Pao, < 60 and/or a Spo,

< 90% to 92% are considered clear indications for oxy-
gen therapy in most patients.® Exceptions to this rule
include patients with chronic carbon dioxide reten-
tion and the premature neonate. A critical value in the
COPD patient may be a Pao, of < 55 torr with a Spo, of
< 88% while breathing room air or a Pao, of 56 to

6

Maintain Adequate Tissue Oxygenation

59 and a Sao, < 89% in the presence of cor pulmonale,
pulmonary hypertension, CHF, or erythrocythemia
with a hematocrit > 56.” A critical Pao, for the newborn
may be a Pao, < 50 torr and/or a Spo, < 88% or a capil-
lary Po, < 40 torr.®

Hypoxemia should be suspected whenever the
patient is exhibiting the signs and symptoms of
hypoxia. Initial signs of hypoxia include tachycardia,
increased blood pressure, tachypnea, hyperventilation,
dyspnea, and use of accessory muscles. Other early
manifestations of hypoxia include restlessness, dis-
orientation, dizziness, excitement, headache, blurred
vision, impaired judgment, and confusion. Clinical
manifestations of severe hypoxia may include slow,
irregular respirations; bradycardia; hypotension; dys-
rhythmias; loss of consciousness; somnolence; convul-
sions; and coma. These later findings are more common
when hypoxia and hypercapnea coexist. Severe hypoxia
may lead to respiratory and/or cardiac arrest. The
respiratory care clinician should obtain a Spo, or arte-
rial blood gas study in order to confirm the presence of
hypoxemia. The indications for oxygen therapy in the
acute care setting are summarized in Box 2-5.

Once it is established that oxygen therapy is
required, the respiratory care clinician must decide on
the appropriate equipment, the correct oxygen flow
(Fro,), and how the therapy will be assessed. In gen-
eral, the lowest F10, needed to ensure adequate tissue
oxygenation should be chosen. Generally, this means a
target Pao, of 60 to 100 with a Spo, of 92% to 98% for
most patients, with the exception of the COPD patient
and the premature infant.

One should also avoid high oxygen levels (> 50% to
60%) for extended periods of time because of the threat
of oxygen toxicity, absorption atelectasis, and depres-
sion of ciliary and/or leukocytic function.® If high lev-
els of oxygen are needed for more than a brief period
of time, alternative methods to improve oxygenation
should be considered.

Excessive oxygen levels in patients who are chronic
CO, retainers may lead to ventilatory depression and
increased V/Q mismatch when the Pao, exceeds 60
torr.® Oxygen therapy for the COPD patient with
chronically elevated Paco, levels should be targeted at
maintaining a Pao, of 50 to 59 torr with a Sao, of 88%
to 90% in order to avoid oxygen-induced hypercapnea.
The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guide suggests that oxygen therapy
in the treatment of COPD exacerbations be titrated to
achieve a Spo, of 88% to 92%.” However, a Spo, > 90%
may result in a Pao, > 60, and consequently should
probably be avoided in patients with documented or
suspected CQO, retention. Therefore, titration to a goal
of 90% may be ideal.

Providing high oxygen levels to premature infants
has been associated with retinopathy of prematurity, a
disorder caused by high arterial oxygen concentrations
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BOX 2-3

Key Elements of a Basic Respiratory Care Plan

Goals of Therapy Method or Appliance
Maintain adequate tissue oxygenation and/or Mask, mouthpiece, mouthseal, tracheostomy mask,
alveolar ventilation. nose clips, aerochamber, etc.
Treat/prevent bronchospasm and/or mucosal
d o 2 Gas Source, Flow, and/or Pressure
edema.
Deliver anti-inflammatory or antiasthmatic Oxygen or compressed air
agents. Liter flow and/or Fi0,
Manage secretions. Pressure (IPPB)

Induce sputum.

) Frequency and Duration of Therapy
Prevent or treat atelectasis.

Twice daily, three times daily, four times daily,

Device or Procedure every 6 hours, every 4 hours, every 2 hours,

Oxygen therapy (nasal cannula, air-entrainment every 1 hour, continuous, as needed, etc.
mask, other masks) Duration of therapy in minutes or continuous
Aerosol medication via small-volume nebulizer
Volume Goals

MDI via holding chamber
Incentive spirometry Incentive spirometry minimum of one-third of
IPPB predicted IC (1/3 x IBW in kg x 50 mL/kg)

Chest physiotherapy (postural drainage and chest IPPB minimum of one-third predicted IC (or at

percussion) least 10 mL/kg)
High-volume bland aerosol with or without sup- Assessment
1 tal
Diricetr:; rclozgoﬁ( s Improvement and/or reversal of clinical signs and
Suctioning symptoms of respiratory failure

Mechanical ventilators (invasive and noninvasive W el O O TR iy el o

2 0 hypoventilation
tilation; Iso Box 2-4.
PR EATE SR BT Decreased work of breathing
Medications Decreased cardiac work

Improved breath sounds (air movement, wheez-
ing, rhonchi, crackles)

Pulse oximetry and arterial blood gases

Bedside pulmonary function (rate, volumes, inspi-
ratory force, PEF, IC, FVC, FEVI)

Chest x-ray or other imaging techniques

Bronchodilators

Mucolytics (Mucomyst, Pulmonzyme)

Anti-inflammatory agents and decongestants
(steroids, racemic epinephrine, others)

Antiasthmatic agents (cromolyn, Tilade)

Bland aerosol (normal saline, one-half normal
saline, sterile distilled water)

MDI, metered dose inhaler; IPPB, intermittent positive pressure breathing; IC, inspiratory capacity; IBW, ideal body weight; PEF,
peak expiratory flow rate; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second.

Data from West JB. Acute respiratory failure. In: West JB. Pulmonary Physiology and Pathophysiology: An Integrated, Case-
based Approach, 2nd ed. Philadelphia: Lippincott, Williams & Wilkins; 2007: 116—-133.

in the newborn that may result in blindness. In the pressure (PEEP) or continuous positive airway pres-
past, maintenance of a Pao, in the range of 50 to 70 was sure (CPAP), bronchial hygiene techniques to mobilize
thought to be safe; however, current guidelines suggest secretions, and bronchodilator therapy. Prone position-
a Pao, < 80 torr be maintained in preterm infants of ing has been shown to improve oxygenation in patients
less than 37 weeks gestation." with ARDS; however, prone positioning has not been
Other techniques that may improve the patient’s shown to improve survival.''"!3 Rotational therapy
oxygenation status include positive end-expiratory (turning the patient) may reduce the occurrence of
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BOX 2-4

Maintain Adequate Tissue Oxygenation

Key Elements of a Respiratory Care Plan for Mechanical Ventilatory Support

Goals of Therapy

Maintain adequate tissue oxygenation.

Maintain adequate ventilation and CO, removal.

Maintain adequate acid-base balance.

Maintain adequate circulation, blood pressure,
and cardiac output.

Treat bronchospasm/mucosal edema/excess
secretions.

Maintain lung volumes/prevent or treat
atelectasis.

Device or Procedure

Volume ventilators

Pressure ventilators (includes BiPAP devices)

Humidifiers

Nebulizers

MDI and holding chamber

Positive pressure masks (nasal/oral)

Artificial airways (endotracheal tracheostomy
tubes)

Suctioning equipment

Medications

Bronchodilators, anti-inflammatory agents,
decongestants, antiasthmatic drugs

Drugs to treat infection

Drugs to support circulation, cardiac function,
blood pressure

Sedatives, tranquilizers, pain medications, para-
lytic agents

Method or Appliance

Mask (oral/nasal)
Endotracheal tube
Tracheostomy tube

Mode of Ventilation

Invasive or noninvasive

Volume limited (volume ventilation) or pressure
limited (pressure control and pressure support
ventilation)

Assist/control, SIMV, SIMV with pressure sup-
port, other

Breath initiation (time or patient trigger)

Inspiratory termination (volume, time, pressure,
or flow)

Gas Source, Flow, and/or Pressure

Oxygen concentration

Patient trigger (pressure or flow trigger)

Inspiratory flow or time

Termination of inspiration (pressure, volume,
or flow)

Frequency and Duration of Therapy

Continuous mechanical ventilatory support
Intermittent support (ventilator weaning, night
only, or for acute distress)

Volume and Pressure

Volume-limited ventilation (mL/kg IBW or mL)
Inspiratory pressure or pressure limit

Baseline pressure (PEEP or CPAP)

Pressure support for “spontaneous” breaths

Assessment

Improvement and/or reversal of clinical signs and
symptoms

Reversal of the manifestations of hypoxia and/or
hypoventilation

Cardiovascular/hemodynamics (pulse, blood
pressure, cardiac output, CVP, other)

Work of breathing

Improved breath sounds (air movement, wheez-
ing, rhonchi, crackles)

Pulse oximetry and arterial blood gases

Bedside pulmonary function (spontaneous respi-
ratory rate, volumes, RSBI, inspiratory force,
IC, VC)

Chest x-ray or other imaging techniques

BiPAP, bilevel positive airway pressure; MDI, metered dose inhaler; SIMV, synchronized intermittent mandatory ventilation;
IBW, ideal body weight; PEEP, positive end-expiratory pressure; CPAP, continuous positive airway pressure; CVP, central venous
pressure; RSBI, rapid shallow breathing index; IC, inspiratory capacity; VC, vital capacity.
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BOX 2-5
Indications for Oxygen Therapy

Documented hypoxemia (Spo, or arterial blood gases):

+ Adults and children: Pao, < 60 and/or Spo, < 90

+ Neonates (< 28 days): Pao, < 50 and/or Spo, < 88% or a capillary Po, < 40 torr
Suspected hypoxemia based on patient condition and/or clinical manifestations of hypoxia (follow with Spo,

or arterial blood gas measurement)*
o Clinical manifestations of hypoxia include:

o Tachycardia, increased blood pressure, dysrhythmias
« Dyspnea, tachypnea, hyperventilation, use of accessory muscles
 Restlessness, disorientation, dizziness, excitement, headache, blurred vision, impaired judgment, and

confusion

o Clinical manifestations of severe hypoxia may include:

« Slowed, irregular respirations
o Bradycardia, hypotension

o Loss of consciousness, somnolence, COHVLllSiOl’lS, or coma

Severe trauma
Acute myocardial infarction
Postoperative recovery

Treat or prevent pulmonary hypertension secondary to chronic hypoxemia:
+ Pao, <55 and/or Spo, of < 88% while breathing room air with COPD

OR

« COPD patients with cor pulmonale or hematocrit > 56, Pao, of 56 to 59, Sao, < 89%, and preex-

isting pulmonary hypertension

*Hypoxemia should be suspected in the presence of the clinical manifestations of hypoxia.

atelectasis and ventilator-associated pneumonia (VAP),
and thus improve oxygenation; however, improvements
in length of stay have not been shown."

Attention to maintaining cardiac output and blood
pressure is required to ensure adequate oxygen delivery
to the tissues in patients with cardiovascular instability.
Replacement of blood in patients with severe anemia
may also be helpful.

The selection of an oxygen delivery method should
be based on the desired F10,, as well as patient-specific
factors such as disease state or condition, ventilatory
pattern, patient comfort, and patient acceptance of the
oxygen appliance. Generally, hypoxemia due to low V
/Q or hypoventilation responds well to low to moderate
concentrations of oxygen. This includes patients with
asthma, emphysema, chronic bronchitis, bronchiecta-
sis, and cystic fibrosis. Oftentimes, patients with CHF
without acute pulmonary edema and patients with
coronary artery disease (CAD) also respond well to low
to moderate concentrations of oxygen.

The device of choice for most patients requir-
ing low to moderate concentrations of oxygen is the

nasal cannula. Setting the nasal cannula oxygen flow

at 0.5 to 6.0 L/min will deliver approximately 22% to
40% oxygen.® The nasal cannula is well tolerated, easy
to use, and effective for most patients and does not
require humidification at flows < 4 L/min. The only
major problem associated with the cannula is that the
delivered F1o, will vary with the patient’s ventilatory
pattern and tidal volume (amount of air moved with
each breath). An air-entrainment mask should be con-
sidered in patients with a variable ventilatory pattern or
those with rapid, shallow breathing. Air-entrainment
(“Venturi”) masks will deliver a stable F10, for most
patients and are available to deliver percentages of 24%,
28%, 30%, 35%, and 40% oxygen.® A sample respiratory
care plan for providing oxygen therapy by nasal can-
nula using the SOAP note format is provided in Clinical
Focus 2-2. Figure 2-2 presents a simple oxygen therapy
protocol.

Patients with hypoxemia due to pulmonary shunt-
ing (ARDS or severe pneumonia) and patients suffering
from cardiogenic shock (severe acute MI) or trauma
may require moderate to high concentrations of oxygen
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Maintain Adequate Tissue Oxygenation

CLINICAL FOCUS 2-2
Oxygen Therapy Respiratory Care Plan

A 65-year-old man with a history of COPD has come to the emergency department with worsening shortness of
breath, increased sputum production, and production of thick, yellow sputum. The patient has a 50-pack-year his-
tory of smoking; however, he quit smoking 3 years ago. The patient has been admitted to the hospital several times
over the past 3 years, most recently 8 months ago due to acute exacerbation of COPD with documented CO, reten-
tion. On physical assessment, the patient displays accessory muscle use and tachypnea with an increased pulse and
blood pressure. Oximetry on room air reveals a Spo, of 85%. On his previous admission, blood gas analysis demon-

strated chronic ventilatory failure.

Respiratory Care Plan

S (Subjective): “I'm feeling really bad and can barely get my breath. I am having trouble walking, and I have been

coughing up some awful-looking stuff”
O (Objective):

« Vital signs: Respiratory rate, 28; pulse, 116; BP, 142/92 mm Hg; temperature, 99.6 °F

+ Spo, = 85% while breathing room air

+ Physical assessment: Accessory muscle use, diminished breath sounds bilaterally, cough with purulent spu-

tum production

A (Assessment): Acute respiratory failure due to exacerbation of COPD

P (Plan):

» Begin oxygen via nasal cannula at 1 to 2 L/min and titrate by oximetry.

+ Titrate oxygen flow based on oximetry to maintain an Spo, of 88% to 90% and a Pao, of 50 to 59 due to the
patient’s documented history of CO, retention (chronic ventilatory failure).

» Obtain arterial blood gases on oxygen to access ventilatory status.

+ Begin albuterol and ipratropium bromide (Atrovent) bronchodilator administration per protocol to relieve

airflow obstruction.

+ Consider administration of systemic corticosteroids to improve outcomes and decrease length of stay

+ Consider antibiotics for pulmonary infection.

+ Consider labs (CBC, electrolytes) and chest radiograph
» Continue to monitor patient (level of consciousness, dyspnea, vital signs, Spo,, blood gases) and be alert to
possible comorbidities (pneumonia, cardiovascular disease, lung cancer, diabetes, etc.)

therapy. Short-term oxygen therapy for patients who
need moderate to high concentrations of oxygen can be
provided using a simple mask (35% to 50% O, at 5 to 10
L/min), a partial rebreathing mask (40% to 70% O, at 5
to 10 L/min), or a non-rebreathing mask (60% to 80% O
at 6 to 10 L/min). Air-entrainment nebulizers via aero-
sol mask, tracheostomy mask, or “I” piece can be very
useful in providing a stable oxygen concentration from
28% to 50%. Above 50% oxygen, most air-entrainment
nebulizers do not have an adequate total gas flow to
deliver a dependable F10,. The Misty Ox high-flow,
high—FIo2 nebulizer, however, will deliver 60% to 96%
oxygen with total gas flows of 42 to 80 L/min. The
Thera-Mist air-entrainment nebulizer is designed to
provide 36% to 96% oxygen at flows of 47 to 74 L/min."®
Patients with conditions that are unresponsive to
basic oxygen therapy may require the use of PEEP or
CPAP. PEEP and CPAP may be applied through the use

2

of specialized face masks. Often, however, administra-
tion of PEEP or CPAP will require intubation and the
use of mechanical ventilatory support.

To summarize, if the patient requires a low to mod-
erate concentration of oxygen, the nasal cannula is
the device of choice for oxygen delivery. In patients
with unstable ventilatory patterns or rapid shallow
breathing, an air-entrainment (“Venturi “) mask may
be considered. For moderate to high concentrations of
oxygen therapy for short-term use, consider a simple,
partial-rebreathing or non-rebreathing mask. For
stable oxygen concentration via aerosol mask, trache-
ostomy mask, or “T"” piece, consider a standard air-
entrainment nebulizer for an F10, of 0.28 to 0.50 and
a high-flow, high-F10, entrainment nebulizer for 60%
to 96% oxygen. In patients who do not respond to basic
oxygen therapy, the use of PEEP or CPAP should be
considered.
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FIGURE 2-2 Protocol for oxygen therapy by nasal cannula.

Treat and/or Prevent
Bronchospasm and Mucosal Edema

Bronchodilator Therapy

The primary indication for bronchodilator therapy is to
treat or prevent bronchospasm. Bronchodilator therapy
is indicated in the treatment of acute asthma, COPD
(to include chronic bronchitis and cystic fibrosis), and

whenever wheezing is due to reversible bronchocon-
striction. A documented response to bronchodilator
therapy may be demonstrated by an improvement in
peak expiratory flow rate (PEF), forced expiratory vol-
ume in 1 second (FEV ), or forced vital capacity (FVC)
following therapy.'®* An improvement in clinical find-
ings such as decreased wheezing or improved aeration
or a subjective improvement in the respiratory status
of the patient are also important indicators of bron-
chodilator effectiveness.'® In mechanically ventilated
patients, bronchodilator therapy may be helpful with
increased airway resistance. An improvement in peak
inspiratory pressures or expiratory gas flow curves
may be useful in documenting the effectiveness of the
therapy in these patients. Box 2-6 summarizes the indi-
cations for bronchodilator therapy.

Once the respiratory care clinician has determined
that bronchodilator therapy is indicated, the specific
medication, method of delivery, and frequency of
administration must be determined. Bronchodilators
are most commonly administered by inhalation via a
metered-dose inhaler (MDI), a small-volume nebulizer
(SVN), or a dry powder inhaler (DPI). Bronchodilators
may be classified as B,-agonists or anticholinergics and
as short acting or long acting. Short-acting 3, -agonists
include albuterol, levalbuterol, and pirbuterol. All have
a rapid onset and a duration of effect of 5 to 8 hours.
Anticholinergic bronchodilators include ipratropium
bromide (short-acting) and tiotropium bromide (long-
acting). Asthma and COPD represent two conditions
that often require bronchodilator therapy.

Respiratory Care Plans for Asthma

Excellent clinical practice guidelines for the manage-
ment of asthma have been developed by the National
Institutes of Health."” Inhaled asthma medications
include quick-relief bronchodilators and long-term
control agents, usually inhaled corticosteroids. Patients
with persistent asthma usually require both types of
medications. Most patients with persistent asthma can
maintain good control of their asthma with proper
patient education (including symptom monitoring and
a written asthma action plan), avoidance of asthma
triggers, and an appropriate regimen of both broncho-
dilators (rescue medications) and anti-inflammatory
agents (controller medications).

With poorly controlled asthma, acute asthma
exacerbations often result in visits to the emergency
department (ED). Initial ED treatment of acute asthma
exacerbation in the adult often includes administra-
tion of 2.5 to 5.0 mg (per dose) of aerosolized albuterol
via SVN every 20 minutes for a total of three doses.
Following the initial bronchodilator administration of
three doses, 2.5 to 10 mg of albuterol is then adminis-
tered by SVN every 1 to 4 hours as needed (or 10 to 15
mg/hour nebulized continuously). Ipratropium may be
added, initially beginning with 0.5 mg every 20 minutes
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BOX 2-6

Indications for Bronchodilator Therapy

Asthma

COPD (emphysema/chronic bronchitis)
Cystic fibrosis

Wheezing

Documented response to a bronchodilator:

Treat and/or Prevent Bronchospasm and Mucosal Edema

+ Increase in FEV, > 12% following therapy and at least 200 mL

OR

o Increase in FVC > 12% following therapy and at least 200 mL

o Increase in PEF*:

OR

« PEF to> 80% of predicted or > 80% personal best = good response
« PEF to 50% to 79% of predicted or 60% to 80% of personal best = not well controlled.
« Increased airway resistance in patients receiving mechanical ventilation

*PEF monitoring is recommended for patients with moderate to severe chronic asthma. A peak flow > 80% of predicted or > 80% personal
best suggests that asthma is in good control; 50% to 79% of predicted or 50% to 79% of personal best suggests that asthma is not
well controlled; < 50% suggests asthma is poorly controlled and represents a medical alert that requires immediate treatment and

contact with the patient’s physician.

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; PEF, peak expiratory flow rate

for three rounds, and then every 2 to 4 hours as needed.
Newer guidelines suggest ipratropium may only be
beneficial during the initial treatment of acute asthma.
These medications may be given via MDI and holding
chamber with equal effectiveness, if the patient is able
to coordinate the use of the MDI. The frequency of
administration is then reduced based on the patient’s
response and measurement of PEF or FEV,. Table 2-3
lists the medication dosages for treatment of asthma
exacerbations. An outline of a protocol for management
of acute asthma exacerbation is provided in Figure 2-3.

Respiratory Care Plans for COPD

Inhaled bronchodilator therapy is central to the
management of COPD, as described in the GOLD
standards.'® Bronchodilators are prescribed on an as-
needed basis to prevent or reduce symptoms, improve
exercise capacity, and reduce airflow limitation. Some
evidence suggests that long-acting bronchodilators,
such as tiotropium, may improve health status, reduce
exacerbations, decrease the number of hospitalizations,
and improve the efficacy of pulmonary rehabilitation.'®
Combination of a ,-agonist and anticholinergic bron-
chodilator (combination therapy) may result in greater
bronchodilation than either drug when used alone.
Inhaled triple therapy, which combines a f3,-agonist,
anticholinergic agent, and inhaled corticosteroid, has

been advocated for use with severe COPD. Table 2-4
lists common COPD medications and dosages. Box 2-7
outlines the management of patients with stable COPD.
Generally, low-risk COPD patients with intermit-
tent symptoms are treated with two puffs of an inhaled
short-acting anticholinergic bronchodilator or a short-
acting B,-agonist via MDI, as needed. Low-risk patients
with regular or daily symptoms may be treated with a
long-acting inhaled anticholinergic bronchodilator or a
long-acting inhaled B,-agonist. High-risk patients with
severe to very severe airflow limitation (FEV,/FVC <
0.70 and FEV, < 50% predicted) require the addition
of an inhaled corticosteroid to a long-acting broncho-
dilator. A severe exacerbation of COPD may require
a short-acting B,-bronchodilator via MDI or SVN
every one-half to 2 hours and/or increasing the dose of

ipratropium. Hospitalized patients with acute exacerba-

tion of COPD are also treated with oral corticosteroids
and antibiotics. Figure 2-4 outlines the pharmacologic
management of stable COPD; Figure 2-5 describes the
treatment of COPD exacerbation.

Bronchodilator Therapy for Other
Conditions
For other disease states or conditions where broncho-

spasm is suspected, the frequency of administration
of a short-acting bronchodilator generally ranges from
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TABLE 2-3
Medication Dosages for Treatment of Asthma Exacerbation

Medication ‘ Child Dose (< 12 years) ‘ Adult Dose ‘ Comments

Inhaled Short-Acting Selective B,-Agonists (SABA)

Albuterol
Nebulizer solution 0.15 mg/kg (minimum dose 2.5-5 mg every 20 Dilute aerosols to minimum of 3 mL at
(0.63mg/3mL, 1.25 mg/ 2.5 mg) every 20 minutes for minutes for three doses, gas flow of 6-8 L/min. Use large-volume
3mL, 2.5 mg/3mL, 5.0 three doses then 0.15- then 2.5-10 mg every nebulizers for continuous administration.
mg/mL) 0.3 mg/kg up to 10 mg every 1-4 hours as needed May mix with ipratropium nebulizer
1-4 hours as needed, or or 10-15 mg/hour solution.
0.5 mg/kg/hour by continuous continuously.
nebulization.

MDI (90 mcg/puff) 4-8 puffs every 20 minutes for 4-8 puffs every 20 In mild to moderate exacerbations, MDI
three doses, then every 1-4 minutes up to 4 hours, plus HC is as effective as nebulized
hours inhalation maneuver as then every 1-4 hours as therapy with appropriate administration
needed. Use VHC; add mask needed. technique and coaching by trained
in children < 4 years. personnel.

Bitolterol

Nebulizer solution (2 mg/ See albuterol dose; thought to See albuterol dose. Not studied in severe asthma

mL) be half as potent as albuterol exacerbations. Do not mix with other
on per mg basis. drugs.

MDI (370 mcg/puff) See albuterol MDI dose. See albuterol MDI dose. Not studied in severe asthma

exacerbations.

Levalbuterol (R-albuterol)

Nebulizer solution (0.63 0.075 mg/kg (minimum dose 1.25-2.5 mg every 20 Levalbuterol administered in one-half

mg/3 mL, 1.25 mg/0.5 1.25 mg) every 20 minutes for minutes for three doses, the mg dose of albuterol provides

mL, 1.25 mg/3 mL) three doses, then 0.075-0.15 then 1.25-5 mg every comparable efficacy and safety. Has
mg/kg up to 5 mg every 1-4 1-4 hours as needed. not been evaluated by continuous
hours as needed. nebulization.

MDI (45 mcg/puff) See albuterol MDI dose. See albuterol MDI dose.

Pirbuterol

MDI (200 mcg/puff) See albuterol MDI dose; thought | See albuterol MDI dose. Has not been studied in severe asthma
to be half as potent as exacerbations.
albuterol on a per mg basis.

Systemic (Injected) p,-Agonists

Epinephrine

1:1,000 (1 mg/mL) 0.01 mg/kg up to 0.3-0.5 mg 0.3-0.5 mg SQ every 20 No proven advantage of systemic therapy
SQ every 20 minutes for three minutes for three doses. over aerosol.
doses.

Terbutaline

(1 mg/mL) 0.01 mg/kg SQ every 20 minutes | 0.25 mg SQ every 20 No proven advantage of systemic therapy
for three doses then every 2-6 minutes for three doses. over aerosol.
hours as needed.

Anticholinergics

Ipratropium bromide

Nebulizer solution 0.25-0.5 mg every 20 minutes 0.5 mg every 20 minutes May mix in nebulizer with albuterol. Should
(0.25 mg/mL) for three doses, then as for three doses, then as not be used as first-line therapy; add to
needed. needed. SABA therapy for severe exacerbations.

The addition of ipratropium not shown to
provide further benefit once the patient is
hospitalized.
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TABLE 2-3

Treat and/or Prevent Bronchospasm and Mucosal Edema

Medication Dosages for Treatment of Asthma Exacerbation (continued)

Medication ‘ Child Dose (< 12 years)

MDI (18 mcg/puff) 4-8 puffs every 20 minutes as

needed up to 3 hours.

‘ Adult Dose

8 puffs every 20 minutes
as needed up to 3
hours.

‘ Comments

Use with HC and face mask for children
< 4 years.

Ipratropium with albuterol

Nebulizer solution (each
3 mL vial contains 0.5 mg
ipratropium bromide and
2.5 mg albuterol)

1.5-3 mL every 20 minutes for
three doses, then as needed.

3 mL every 20 minutes
for three doses, then as
needed.

Used for up to 3 hours in initial
management of severe exacerbations.
Addition of ipratropium to albuterol not
shown to provide further benefit once the
patient is hospitalized.

MDI (each puff contains 18
mcg ipratropium bromide
and 90 mcg of albuterol)

4-8 puffs every 20 minutes as
needed up to 3 hours.

8 puffs every 20 minutes
as needed up to 3
hours.

Use with HC and face mask for children <
4 years.

Systemic Corticosteroids

(Applies to all three corticosteroids)

Prednisone
Methylprednisolone
Prednisolone

1-2 mg/kg in two divided doses
(maximum = 60 mg/day) until
PEF is 70% of predicted or
personal best.

40-80 mg/day in one or
two divided doses until
PEF reaches 70% of
predicted or personal
best.

Outpatient “burst”; use 40-60 mg in one
or two divided doses for total of 5-10
days in adults (children: 1-2 mg/kg/day
maximum 60 mg/day for 3-10 days).

corticosteroids.

e There is no advantage for intravenous administration over oral therapy provided gastrointestinal transit time or absorption is not impaired.
e Course of systemic corticosteroids for asthma exacerbation requiring ED visit or hospitalization may be 3-10 days. For less than 1 week,
no need to taper dose. For courses up to 10 days, tapering may not be necessary, especially if patients are concurrently taking inhaled

¢ Inhaled corticosteroids can be started at any point in the treatment of an asthma exacerbation.

MDI, metered-dose inhaler; HC, holding chamber; PEF, peak expiratory flow; ED, emergency department; SQ, subcutaneous.
Reproduced from: National Institutes of Health, National Heart, Lung, and Blood Institute Guidelines for the Diagnosis and Management of Asthma: Expert Panel 3
Report. (NIH publication). Bethesda, MD: US Department of Health and Human Services; 2007.

every 4 hours to four times a day, depending on the
patient’s response and the duration of effect of the
medication. For example, the recommended dosage of
albuterol by SVN is 2.5 mg three or four times per day,
with the onset of action occurring in about 15 min-
utes, a peak effect in 30 to 60 minutes, and a duration
of action of 5 to 8 hours.” Salmeterol, a long-acting
[Sz—agonist, has an onset within 20 minutes, a peak
effect in 180 to 300 minutes, and a duration of action
of 12 hours. The normal dose for salmeterol via DPI is
one inhalation every 12 hours.!” Formoterol also has a
duration of 12 hours but an onset of action similar to
albuterol. The usual dose for formoterol via MDI is two
puffs every 12 hours.

Anti-inflammatory Agents and
Antiasthmatic Medications

Anti-inflammatory aerosol agents and antiasthmatic
medications include inhaled corticosteroids; cromolyn

sodium (a mast cell stabilizer); and antileukotrienes,
such as zafirlukast (Accolate), montelukast (Singulair),
and zileuton (Zyflo), the latter three medications being
administered in tablet form. The indications for anti-
inflammatory aerosol agents and antiasthmatic agents
are listed in Box 2-8.

Corticosteroids are the strongest and most effective
anti-inflammatory agents currently available and are

more effective in asthma control than any other single
long-term medication.” The appropriate use of cortico-
steroids in the treatment of asthma is well described in
the NIH Guidelines."” Inhaled corticosteroids are taken
daily on a long-term basis to control persistent asthma;
and short courses of oral corticosteroids are often used
to gain rapid control during asthma exacerbations.
Cromolyn sodium, administered by inhalation,
stabilizes the mast cells in the lungs and may prevent
or reduce the inflammatory response in asthma. As
a prophylactic agent, cromolyn sodium may be added
to the care regimen as an alternative in the long-term
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Patient Assessment

* Review of the patient record and patient interview : Assess for severity of exacerbation and risk factors associated with
death from asthma:

o Asthma history

Level of dyspnea (mild, moderate, or severe?)

Previous history of exacerbation?

Previous emergency department visits (=3 in the past year?)

Previous hospitalizations (=2 in the past year?)

ICU admission and/or intubation for asthma?

Use of MDI B,-adrenergic agonist canisters (>2 per month?)

Difficulty perceiving asthma symptoms or severity of exacerbations?

Written action plan (in place and followed)?

Sensitivity to Alternaria (a fungus associated with hay fever and allergic asthma)?

o Social history

= | ow socioeconomic status or inner-city resident?
= |llicit drug use?
= Major psychological problems?

o Comorbidities

= Cardiovascular disease?
= Other chronic lung disease?
= Chronic psychiatric disease?

¢ Physical assessment: Observe for:

o Breathlessness at rest?

Ability to talk in sentences, phrases, or only words due to dyspnea?
Alertness (agitated, drowsy, confused)?

Increased respiratory rate (>30 is severe)?

Tachycardia (>120 is severe)? Pulsus paradoxus?

Accessory muscle use?

Wheezing? (Absence of wheeze may signal an imminent respiratory arrest.)

© o o o o o

* Pulmonary function: PEF percent predicted or percent personal best (for asthma):
o Mild severity: =70%
o Moderate severity: 40% to 60%
o Severe: <40%

* Oximetry and arterial blood gases breathing room air:

Normal: SpO, > 95% and/or PaO, 80 to 100 on room air
Moderate severity: SpO, 90% to 95% and/or PaO, = 60 but <80
Severe: SpO, < 90% and/or PaO, < 60 — severe

Mild or normal: PaCO, < 42 mm Hg; =42 mm Hg may progress to
ventilatory failure requiring mechanical ventilation

o o o o

¢ Treatment

o Supply oxygen therapy to relieve hypoxemia and maintain SaO, = 90%.
o Administer inhaled short-acting B,-agonist to relieve airflow obstruction, with addition of inhaled ipratropium bromide in severe
exacerbations.
o Administer systemic corticosteroids to decrease airway inflammation in moderate or severe exacerbations or for patients who
fail to respond promptly and completely to a short-acting B,-agonist/
o Monitor vital signs, Sa0,.
o Consider adjunct therapy in severe exacerbations unresponsive to the initial treatment:
Intravenous magnesium sulfate
Heliox
o Monitor response with serial measurements of lung function (FEV, or PEF).
o Prevent recurrence:
= Refer to follow-up asthma care within 1 to 4 weeks of discharge.
= Provide asthma care plan with instructions for medications prescribed at discharge and for increasing medications or
seeking medical care if asthma worsens.
= Review/teach inhaler use/techniques.
= Consider initiating inhaled corticosteroids.

FIGURE 2-3 Management of acute asthma exacerbation.

Data from: National Institutes of Health, National Heart, Lung, and Blood Institute Guidelines for the Diagnosis and Management of Asthma: Expert Panel 3 Report. NIH
publication. Bethesda, MD: U.S. Department of Health and Human Services; 2007.
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TABLE 2-4
COPD Medications
Duration
Solution for Nebulizer of Action
Trade Names Inhaler (mcg) DPI/MDI Dose Nebulizer Dose (hours)
B,-agonists
Short Acting
Albuterol Proventil HFA; 90 mcg/puff (MDI) | 2 puffs three to four | 0.5% solution— 2.5 mgin 5-8
Ventolin HFA; times per day 0.5 mL (2.5 mg), 3 mL normal
ProAir HFA; or 0.63 mg, saline three
AccuNeb; 1.25 mg, and to four times
VoSpire ER 2.5 mg unit dose per day
Levalbuterol Xopenex; 45 mcg/puff (MDI) 2 puffs every 0.31 mg, 0.63mg, 3 mL three 5-8
Xopenex HFA 4-6 hours 1.25 mgin 3 mL times per
solution day
Pirbuterol Maxair Autohaler = 200 mcg/puff 2 puffs every NA NA 5-8
(MDI) 4-6 hours
Long Acting
Arformoterol Brovana NA NA 15 mcg/2 mL unit 2mLevery12 | 12
dose vial hours
Formoterol Perforomist, 12 mcg/inhalation 1 inhalation every 20 mcg/2 mL unit 2mLeveryl12 | 12
Foradil (DPI) 12 hours dose vial hours
Indacaterol Arcapta 75 mcg/inhalation 1 inhalation every NA NA 24
Neohaler (DPI) day
Salmeterol Serevent Diskus | 50 mcg/inhalation 1 inhalation every NA NA 12
(DPI) 12 hours
Anticholinergics
Short Acting
Ipratropium Atrovent HFA 17 mcg/puff (MDI) 2 puffs four times 0.2 mg/mL (0.02% = 2.5 mL unit 4-6
bromide daily solution) in a dose/500
2.5 mL unit dose mcg three
to four times
daily
Oxitropium Oxivent, 100 mcg (MDI) 2 puffs two to three | NA NA 7-9
bromide Tersigan, times daily
(available Tersigat,
outside United Ventilat, Ventox
States)
Long Acting
Tiotropium Spiriva 18 mcg/inhalation 1 inhalation every NA NA 24
(DPI) day
Combination Short-Acting B,-Agonists Plus Anticholinergic
Albuterol/ Combivent Albuterol: 90 mcg 2 puffs four Albuterol: 2.5 mg 3 mL four 4-6
Ipratropium DuoNeb Ipratropium: 18 times a day of Iprotropium: times a day
mcg/puff 18 mcg/puff 0.5mgin3mL
ipratropiumand 90
mcg/puff albuterol
(continues)
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TABLE 2-4
COPD Medications (continued)

Duration
Solution for Nebulizer of Action
Trade Names Inhaler (mcg) DPI/MDI Dose Nebulizer Dose (hours)
Fenoterol/ Duovent UDV NA NA Fenoterol: 1.25 mg | 4 mL every 6 6-8
Ipratropium Ipratropium: 0.5 hours
(available in mg in 4 mL
Canada)
Methylxanthines
Aminophylline Phyllocontin; e |V 5.7 mg/kg loading dose in patients not currently receiving Variable,
Truphylline ¢ |V maintenance dose in adults 16-60 years: 0.51 mg/kg/hr; maximum 400 mg/ up to 24
(Canada) day to achieve a serum theophylline level of 5-10 mcg/mL
¢ |V maintenance dose in adults > 60 years: 0.38 mg/kg/hr; maximum 400 mg/
day
¢ Dose should be adjusted for shock, sepsis, cardiac decompensation, cor
pulmonale, or liver dysfunction to 0.25 mg/kg/hr; maximum 400 mg/day
Theophylline Theochron, ¢ Initial dose (oral): 300-400 mg once daily Variable,
Elixophyllin, e Maintenance: 400-600 mg once daily (maximum 600 mg/day) up to 24
Theo-24
Phosphodiesterase-4 inhibitors
Roflumilast Dalisresp 500 mcg oral tablet once daily 24
Inhaled Corticosteroids
Beclomethasone = Qvar 40 mcg/puff and 40-80 mcg twice NA NA NA
diproprionate 80 mcg/puff daily or 40-160
HFA (MDI) mcg twice daily*
Budesonide Pulmicort, 90 mcg/actuation 180-360 mcg twice = NA NA NA
Pulmicort and 180 mcg/ daily or 360-720
Respules actuation (DPI) mcg twice daily**
Fluticasone Flovent HFA, 44 mcg/puff, 110 88 mcg twice NA NA NA
propionate Flovent Diskus mcg/puff, and daily***
220 mcg/puff
(MDI)
Combination Long-Acting B,-Agonists Plus Corticosteroids
Formoterol/ Symbicort 160 mcg 2 puffs twice daily NA NA NA
Budesonide budesonide/4.5
mcg formoterol
per puff (MDI)
Salmeterol/ Advair Diskus, 100, 250, or 1 inhalation every NA NA 12
Fluticasone Advair HFA 500 mcg 12 hours (DPI)
fluticasone/50 2 puffs every 12
mcg salmeterol hours (MDI)
(DPI)
45, 115, or
230 mcg
fluticasone/21
mcg salmeterol
(MDI)
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Treat and/or Prevent Bronchospasm and Mucosal Edema

TABLE 2-4
COPD Medications (continued)

Duration

Solution for Nebulizer of Action
Trade Names Inhaler (mcg) DPI/MDI Dose Nebulizer Dose (hours)

Systemic Corticosteroids May Improve Outcomes When Used in the Treatment of Acute Exacerbation of COPD

Methyl- Medrol; Methylprednisolone suggested dosage for COPD exacerbation with impending respiratory failure is
prednisolone Meprolone 60 mg IV, one to two times daily.
Prednisone Prednisone Oral prednisone dose of 30-60 mg/day for 7-10 days has been suggested.
Intensol™

MDI, metered dose inhaler; DPI, dry powder inhaler; SMI, smart mist inhaler; NA = not applicable.

*Beclomethasone recommended starting dose if previously taking inhaled corticosteroids.

**Budesonide starting dose if only taking bronchodilators and/or inhaled corticosteroids previously. Starting dose should be higher (360 to 720 mcg twice daily) if
previously taking oral corticosteroids.

***Fluticasone starting dose if only taking bronchodilators previously. Starting dose should be 88 to 220 mcg twice daily if previously taking inhaled corticosteroids
and 880 mcg twice daily if previously taking oral corticosteroids.

Data from: Gardenhire D. Rau’s Respiratory Care Pharmacology, 8th ed. St. Louis: Elsevier Health; 2012: 98-108; Global Initiative for Chronic Obstructive Lung
Disease. Pocket Guide to COPD Diagnosis, Management, and Prevention: A Guide for Health Care Professionals. 2011. Available at: http://www.goldcopd.org
/uploads/users/files/GOLD_PocketGuide_2011_Jan18.pdf.

BOX 2-7
Management of Stable COPD

Smoking cessation

Pharmacological therapy

+ Short-acting 3,-agonists (albuterol)

« Short-acting anticholinergic bronchodilator (ipratropium)

+ Combined short-acting B,-agonists and short-acting anticholinergic bronchodilators
+ Long-acting inhaled B,-agonists (salmeterol, formoterol)

« Long-acting anticholinergic bronchodilator (tiotropium)

» Combined long-acting (,-agonists and long-acting anticholinergic bronchodilators

o Phosphodiesterase-4 inhibitor (roflumilast)*

o Inhaled corticosteroids (beclomethasone, budesonide, triamcinolone, fluticasone, flunisolide)
o Combining long-acting inhaled B-agonists and inhaled corticosteroids in one inhaler
o Mucolytics/antioxidant therapy (oral N-acetylcysteine)

+ a-Trypsin augmentation therapy (identified a,-antitrypsin deficiency)

Vaccination (influenza, pneumococcal disease)

Oxygen therapy

Long-term oxygen therapy

Pulmonary rehabilitation

Nutrition

Surgery in or for COPD

Sleep (assess for sleep issues and/or sleep disorders)

Air travel considerations (evaluate the need for oxygen)

*For chronic bronchitis with frequent exacerbations

Data from the American Thoracic Society—European Respiratory Society Standards for the Diagnosis and Management of
Patients with COPD. http://www.thoracic.org/clinical/copd-guidelines/resources/copddoc.pdf.
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LESS RISK, LESS SYMPTOMS

Patients with low risk, less symptoms, and mild to moderate airflow limitation (FEV;/FVC < 0.70 and FEV, , > 50% predicted)
and one or fewer exacerbations per year.

First Choice

Short-acting anticholinergic bronchodilator PRN OR
Short acting Bo-agonist PRN

Second Choice

Long-acting anticholinergic bronchodilator OR
Long-acting B,-agonist OR

Long-acting anticholinergic and long-acting B,-agonist

LESS RISK, MORE SYMPTOMS

Patients with low risk, more symptoms, and mild to moderate airflow limitation (FEV;/FVC < 0.70 and FEV, > 50% predicted)
and one or fewer exacerbations per year.

First Choice

Long-acting anticholinergic bronchodilator OR
Long-acting B,-agonist

Second Choice
Long-acting anticholinergic bronchodilator and long-acting 3,-agonist
HIGH RISK, LESS SYMPTOMS, BUT SEVERE AIRFLOW LIMITATION

Patients with high risk, less symptoms, but severe to very severe airflow limitation and two or more exacerbations per year
(FEV;/FVC < 0.70 and FEV; < 50% predicted [severe] or FEV, < 30% predicted [very severe]).

First Choice

Inhaled corticosteroids AND
Long-acting B, agonist OR long-acting anticholinergic

Second Choice

Long-acting antichololinergic and long-acting B,-agonist

HIGH RISK, MORE SYMPTOMS, AND SEVERE AIRFLOW LIMITATION

Patients with high risk, more symptoms, and severe to very severe airflow limitation and two or more exacerbations per year.
First Choice

Inhaled corticosteroids AND
Long-acting B,-agonist OR long-acting anticholinergic

Second Choice

Inhaled corticosteroids and long-acting anticholinergic OR

Inhaled corticosteroids and long-acting B,-agonist and long-acting anticholinergic OR
Inhaled corticosteroids and long-acting B,-agonist and phosphodiesterase-4 inhibitor OR
Long-acting anticholinergic and long-acting B,-agonist OR

Long-acting anticholinergic and phosphodiesterase-4 inhibitor

FIGURE 2-4 Pharmacologic treatment for the stable COPD.

Data from: Global Initiative for Chronic Obstructive Lung Disease. Pocket Guide to COPD Diagnosis, Management, and Prevention 2011. Available at: http://www.goldcopd
.org/guidelines-pocket-guide-to-copd-diagnosis.html.
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Patient Assessment

* Interview: Question patient regarding increased dyspnea, orthopnea, cough, sputum production, sputum purulence, decreased
ability to conduct activities of daily living (ADLs).

¢ Physical assessment: Observe for increased respiratory rate, tachycardia, color (cyanosis, pale, skin flushed/red), accessory
muscle use, pursed-lip breathing, chest configuration (overinflation; barrel chest), level of consciousness (oriented, anxiety,
sleepy, lethargic, somnolent), breath sounds (diminished, crackles, gurgles, wheezing), cough, purulent sputum.

e Oximetry and arterial blood gases

o SpO, < 88% to 90% is consistent with a PaO, < 55 to 58 (SpO, < 85% is consistent with a Pa0, < 50).
o Pa0, < 60 on FIO, = 0.21 (with or without CO, elevation) indicates respiratory failure.

¢ Chest radiograph: Review for infiltrates, pneumonia, exclude alternative diagnoses.

¢ Laboratory studies
o Complete blood count (polycythemia, anemia, elevated WBC)
o Electrolytes
o Renal function

Treatment

¢ Oxygen therapy
o Low-flow cannula (0.5 to 4 L/min) to achieve SpO, of 90% to 92% and Pa0, of 60 to 70 mm Hg.

o High-flow air-entrainment mask (24% to 28%) may be considered in the presence of an irregular ventilatory pattern or
rapid shallow breathing.

¢ Bronchodilators: Short-acting ,-agonist with or without short-acting anticholinergics for treatment of an exacerbation.

e Systemic corticosteroids

o Corticosteroids may improve patient outcomes and reduce length of stay.

o |V or oral prednisone 30 to 60 mg, once daily for 7 to 10 days (dose may be tapered for another 7 days; however,
tapering is not necessary for therapy of less than 3 weeks).

o Prednisolone dose suggested by the GOLD standards is 30 to 40 mg/day for 10 to 14 days (oral route preferred).

¢ Antibiotics: Antibiotics should be considered in the presence of:
o Increased dyspnea, increased sputum volume and increased sputum purulence OR
o Increased sputum purulence AND
o Increased sputum volume OR increased dyspnea OR
o Ventilatory failure requiring mechanical ventilatory support.

¢ Other therapy: Attention should be paid to:
° Fluid balance (consider diuretics for fluid overload)
© Nutrition
° Treatment of comorbidities such as pneumonia, cardiovascular disease (ischemic heart disease, CHF, hypertension,
atrial fibrillation), lung cancer, renal failure, liver failure, osteoporosis, diabetes, anxiety and depression.

FIGURE 2-5 Outline of the management of COPD exacerbation.

Data from: Global Initiative for Chronic Obstructive Lung Disease. Pocket Guide to COPD Diagnosis, Management, and Prevention—2011. Available at: http://www.goldcopd
.org/guidelines-pocket-guide-to-copd-diagnosis.html; Jong YP, Vil SM, Grotjohan HP, Postma DS, Kerstjens H, Vanden Berg J. Oral or IV prednisolone in the treatment of
COPD exacerbations: a randomized controlled, double-blind study. Chest. 2007;132(6):1741-1747.

management of asthma and as a preventive measure
prior to exercise or exposure to known allergens.”
Leukotriene modifiers that reduce or block inflam-
mation include montelukast (Singulair), zafirlukast
(Accolate), and zileuton (Zyflo). Montelukast and zafir-
lukast are leukotriene receptor antagonists (LTRAs) and
may be useful as alternatives in the treatment of mild to

moderate asthma.” LTRAs may be used in combination
with inhaled corticosteroids, although in adults the addi-
tion of long-acting bronchodilators should be considered
first.”” Zileuton is a 5-lipoxygenase pathway inhibitor
that may also be considered for asthma prophylaxis.
Zileuton requires assessment of liver enzymes prior to
initiation and ongoing liver function monitoring."”
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BOX 2-8

Indications for Anti-inflammatory and
Antiasthma Agents

Anti-inflammatory Aerosol Agents (Inhaled
Steroids)

Asthma

COPD (emphysema, chronic bronchitis, cystic
fibrosis)

Upper airway edema (postextubation, croup)

Antiasthmatic Aerosol Agents (Cromolyn,
Antileukotrienes)

Asthma

Treatment of Upper Airway
Inflammation

A cool, bland aerosol is indicated in the treatment of
upper airway edema, including laryngotracheobron-
chitis and subglottic edema, and for postoperative
management of the upper airway.? Upper airway
edema is common following extubation, and the use
of a cool, bland aerosol with supplemental oxygen is
recommended. Nebulized racemic epinephrine (0.5
mL of 2.25% in 3 mL of diluent) or dexamethasone
(1 mg in 4 mL of diluent) by nebulizer have also been
suggested for the treatment of postextubation laryn-
geal edema; however, the evidence to support this
recommendation is weak. Helium—oxygen mixtures
(60% He and 40% O,) by nonrebreathing mask may
be helpful in decreasing the severity of stridor and
reducing the need for reintubation. Helium—oxygen
therapy (60% to 80% helium) may also be of value in
treatment of acute severe asthma exacerbation and
has been used in an attempt to reduce the need for
intubation and mechanical ventilation in

these patients.

For pediatric patients suffering from croup (laryn-
gotracheobronchitis), treatment typically consists of
cool mist therapy.”® Aerosolized racemic epinephrine
(0.05 mL/kg of a 2.25% solution not to exceed 0.5 mL
per dose diluted to 3 mL) may provide rapid improve-
ment in upper airway obstruction in moderate to severe
croup. Aerosolized dexamethasone or budesonide may
also be effective in reducing severity of symptoms in
patients suffering from croup, although dexamethasone
is most commonly administered intravenously (IV),
intramuscularly (IM), or orally.

Mobilize and Remove Secretions

Disease states or conditions in which mucus clear-
ance may be a problem include chronic bronchitis,
bronchiectasis, and cystic fibrosis. Mucus hypersecre-
tion, inflammation, and bronchospasm are sometimes
seen in asthma, acute bronchitis, and acute pulmonary
infections. Mucus plugging can cause atelectasis, and
copious secretions are sometimes seen with atelectasis
and pneumonia.

Techniques to Mobilize Secretions

Techniques to mobilize or remove secretions include
directed cough, suctioning, use of high-volume aerosol
therapy, and bronchial hygiene. Bronchial hygiene tech-
niques include chest physiotherapy (CPT) (postural
drainage, percussion, and vibration), kinetic therapy
(turning), and directed cough. Indications for bronchial
hygiene therapy include difficulty with secretion clear-
ance, evidence of retained secretions, the presence of
copious secretions (generally expectorated sputum
production > 25 to 30 mL/day in the adult), atelectasis
associated with mucus plugging, and the presence of

a foreign body in the airway.?*>* Bronchial hygiene
therapy is probably not helpful in acute exacerbation of
COPD, pneumonia without excess secretion produc-
tion, and acute asthma exacerbation. A complete list

of bronchial hygiene techniques are listed in Box 2-9.
Specific indications for therapy to mobilize secretions
are listed in Box 2-10.

Directed Cough

Directed cough to clear secretions may be employed

in patients with an inadequate spontaneous cough and
should be included as an integral part of other bron-
chial hygiene therapies to mobilize and remove secre-
tions.?® The indications for a directed cough include
retained secretions, atelectasis, and lung disease with
excess secretions (chronic bronchitis, bronchiectasis,
cystic fibrosis, and necrotizing pulmonary infection).?
Directed cough is also indicated in patients at risk of
developing postoperative complications and to obtain
sputum specimens for diagnostic analysis, and it has
been suggested for patients with spinal cord injury.” A
mechanically provided artificial cough, using an insuf-
flation—exsufflation device (also known as cough-assist
device) may be especially helpful in patients with spinal
cord injury or neuromuscular disease.?

High-Volume Bland Aerosol Therapy

High-volume heated, bland aerosols (normal saline, half
normal saline, and sterile, distilled water) may mini-
mize or eliminate humidity deficits in patients with
artificial airways and thus help maintain mucociliary
clearance. Heated bland aerosols are used routinely to
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BOX 2-9

Bronchial Hygiene Techniques

Directed cough: A cough technique taught and supervised by a healthcare professional.

Postural drainage: The use of gravity and position to mobilize secretions.

Chest percussion (aka clapping or cupping) and vibration: Manual or mechanical percussion and vibration of
the chest wall in order to mobilize secretions.

Kinetic therapy (turning): Rotation of the body to improve lung expansion, oxygenation, and secretion
mobilization.

High-frequency chest wall oscillation (HEFECWO): A technique that uses a mechanical device attached to an
inflatable vest worn by the patient. Air is pulsed into the vest at a high frequency to vibrate the chest and
lungs and thus improve mucus clearance.

Positive airway pressure (PAP): Adjunct techniques for secretion mobilization that incorporates the use of a
mechanical device to generate continuous positive airway pressure (CPAP), positive expiratory pressure
(PEP), or expiratory positive airway pressure (EPAP).

Flutter valve: A mechanical device that combines EPAP and high-frequency airway oscillations at the airway
as the patient exhales through the device.

Intrapulmonary percussive ventilation (IPV): An IPV device is used to produce high-frequency oscillation of
the inspired gas in combination with PAP.

Forced expiratory technique (FET): A modified version of the directed cough, also known as a “huff” cough.

Active cycle breathing (ACB): A breathing exercise cycle that incorporates the FET.

Autogenic drainage: A modification of the directed cough that incorporates diaphragmatic breathing at varied
lung volumes.

Mechanical insufflation—exsufflation: The use of a mechanical device that uses positive pressure on
inspiration to produce a deep breath followed by negative pressure on exhalation to simulate a
cough.

BOX 2-10

Indications for Therapy to Mobilize Secretions

Directed Cough

Retained secretions

Atelectasis

At risk for postoperative pulmonary complications

Cystic fibrosis, bronchiectasis, chronic bronchitis, necrotizing pulmonary infection, or spinal cord injury
During/following other bronchial hygiene therapies

To obtain sputum specimens

Suctioning

Presence of endotracheal or tracheostomy tube

Inability to clear secretions in spite of best cough effort (secretions audible in large/central airways)
Need to remove accumulated pulmonary secretions in presence of an artificial airway

Coarse or noisy breath sounds (rhonchi, gurgles)

Increased PIP during mechanical ventilation or decreased VT during pressure-controlled ventilation
Ineffective spontaneous cough

Visible secretions in airway

(continues)
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Suspected aspiration

Increased work of breathing

Deterioration of arterial blood gases

Chest radiograph changes consistent with retained secretions

To obtain sputum specimen

To maintain artificial airway patency

To stimulate cough

Presence of atelectasis or consolidation presumed to be associated with secretion retention

Chest Physiotherapy (Postural Drainage and Percussion)
Suggestion/evidence of problems with secretion clearance
Difficulty clearing secretions with volume > 25 to 30 mL/day (adult)
Retained secretions in presence of an artificial airway
Atelectasis caused/suspected to be due to mucus plugging
Cystic fibrosis, bronchiectasis, cavitating lung disease
Presence of a foreign body in airway

Mucolytic Therapy
Evidence of viscous/retained secretions that are not easily removed via other therapy
Chronic bronchitis, cystic fibrosis, bronchiectasis

High-Volume Bland Aerosol

Cool Large-Volume Nebulizer with Bland Solution

Following extubation

Delivery of precise F10, via aerosol mask and humidity
Upper airway edema:

« Laryngotracheobronchitis (croup)

o Subglottic edema

Heated Large-Volume Nebulizer with Bland Solution

Evidence/potential for secretion clearance problem
Deliver precise F10, via aerosol mask and high humidity
Mobilization of secretions

Hypertonic Saline Administration

Need to induce sputum specimens

PIP, peak inspiratory pressure; VT, tidal volume.

provide humidification in patients with artificial air- distilled water or a hypertonic saline solution (3% to 7%
ways for which there is evidence or potential for secre- NaCl) for sputum induction.

tion problems. High-volume bland aerosols may be )

useful for mobilization of secretions and induction of Mucolytic Therapy

sputum specimens; however, the efficacy of using bland Mucolytic agents may promote secretion clearance
aerosols to reduce mucus has not been established.? by reducing mucus viscosity. Aerosolized dornase
Most pneumatic cool-mist aerosol generators do not alfa (Pulmozyme) is indicated for clearance of puru-
deliver a substantial amount of water to the airway and lent secretions in cystic fibrosis.'®!? Acetylcysteine
have little potential for mobilizing secretions. Heated (Mucomyst) thins mucus by breaking down muco-
pneumatic nebulizers and ultrasonic nebulizers may protein disulfide bonds. Acetylcysteine may be given
deliver sufficient volumes of water to the airway to orally, by inhaled aerosol, or directly installed into
assist in mobilizing secretions; however, the physical the airway. Aerosolized acetylcysteine should always
properties of mucus are only minimally affected by the be accompanied by a bronchodilator to avoid induc-
use of bland aerosols.?* Heated aerosols and ultra- ing bronchospasm. There is little evidence to sup-
sonic nebulizers are used to administer either sterile port the use of aerosolized acetylcysteine in patients.
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Oral acetylcysteine may be helpful in COPD patients
with viscid secretions, but oral acetylcysteine is not
approved for use in the United States.!®

The least expensive and effective method for mobi-
lization of secretions should be selected. For example,
a well-hydrated patient with chronic bronchitis who is
able to easily expectorate secretions using a directed
cough probably has no need for chest physiotherapy
or use of an oral mucolytic. A cystic fibrosis patient
with abundant secretions that are not easily cleared by
directed cough might require vigorous chest physio-
therapy or use of alternative techniques for secretion
management, such as administration of aerosolized
dornase alfa.

Frequency of therapy will vary with the respiratory
care modality selected and the patient’s condition. For
example, aerosolized dornase alfa is indicated specifi-
cally in the management of cystic fibrosis using 2.5 mg
in a 2.5 mL solution administered once daily.

Directed cough should follow any therapy used to
mobilize secretions and may be useful in obtaining
a sputum specimen. Suctioning should be applied to
patients with artificial airways on an as-needed basis.
Routine suction schedules (every 2 hours, every 4 hours,
etc.) should be avoided.

CLINICAL FOCUS 2-3

Mobilize and Remove Secretions

Chest Physiotherapy

Chest physiotherapy may include postural drainage,
percussion, and vibration accompanied by directed
cough. Postural drainage positions are generally applied
for 3 to 15 minutes per position for a total treatment
time of 30 to 40 minutes, as tolerated by the patient.?>?
Chest percussion or vibration may be applied for each
postural drainage position for 3 to 5 minutes per posi-
tion.”? Frequency of performance of chest physiother-
apy should be based on the patient’s ability to tolerate
the procedure and the effectiveness of the procedure in
mobilizing secretions. Generally, postural drainage and
chest percussion in the acute care setting are applied
every 4 to 6 hours.

Other techniques sometimes used as an aid to
mobilizing secretions include the use of the huff
cough (forced expiratory technique, or FET), active-
cycle breathing, autogenic drainage, mechanical
insufflation—exsufflation, positive expiratory pressure
(PEP), and high-frequency compression/oscillation
(high-frequency chest wall compression, flutter valve,
and intrapulmonary percussive ventilation).?>**

An example of a respiratory care plan designed to
assist in mobilizing secretions in a patient with bron-
chiectasis is found in Clinical Focus 2-3.

Respiratory Care Plan to Mobilize Secretions in a Hospitalized Patient with Bronchiectasis

A 68-year-old man with a history of bronchiectasis is admitted to the hospital for acute exacerbation. The patient
has a been coughing up more than approximately 25 mL/day of thick, dark yellow muco-purulent sputum and has
some difficulty clearing secretions. The patient is short of breath, has some pleuritic chest pain, and is receiving
oxygen by nasal cannula at 2 L/min with a resultant Spo, of 92%.

Treatment of acute exacerbation of bronchiectasis is aimed at treating infection, providing supportive care, and

delivering bronchial hygiene therapy. The following is the care plan for this patient:
» The goals of therapy are to treat infection, provide bronchial hygiene, manage secretions, maintain oxygen-
ation, and treat/prevent bronchospasm associated with inflammation.
» Obtain a sputum sample for culture and sensitivity followed by antibiotics to treat acute infection.

» Ensure adequate patient hydration via oral liquids.

+ Provide 2.5 mg of albuterol in 3 mL of 0.9% NaCl by small-volume nebulizer every 4 hours while awake and
as needed at night powered by compressed air (keep cannula in use during therapy; see below).
+ Follow aerosol therapy with postural drainage and chest percussion to right lower lobe and left lower lobe

and anterior, posterior, and lateral segments.

+ Directed cough following aerosol therapy and chest physiotherapy.
+ Continue nasal cannula at 1 to 4 L/m to maintain Spo, > 90% to 92% with a Pao, of 60 to 70. Monitor Spo,

during chest physiotherapy.

+ Assessment includes monitoring breath sounds, cough, sputum production (color, volume consistency),

shortness of breath, Spo,, and vital signs. Review results of sputum culture and sensitivity to tailor antibiotic

therapy.

Note that inhaled corticosteroids may improve lung function and dyspnea and reduce cough in bronchiectasis and
may be added. Bronchiectasis may be accompanied by gastroesophageal reflux, requiring medication to suppress

gastric acid.
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Nasotracheal Suctioning

Nasotracheal (NT) suctioning is indicated in cases
where the patient’s spontaneous or directed cough is
ineffective. Specifically, NT suctioning may be required
to maintain a patent airway in the presence of excess
pulmonary secretions, blood, saliva, vomitus, or foreign
material in the trachea or central airways.”” NT suc-
tioning may also be useful to stimulate a cough or to
obtain a sputum sample for microbiologic or cytologic
analysis.” NT suctioning is contraindicated with nasal
bleeding, epiglottitis, croup, laryngospasm, broncho-
spasm, or an irritable airway. It also is contraindicated
in the presence of coagulopathy or bleeding disorders;
acute head, facial, or neck injury; gastric surgery with
high anastomosis; and myocardial infarction.””

Provide Lung Expansion Therapy

The primary indications for lung expansion therapy are
in the treatment and/or prevention of atelectasis and
the prevention of the development of respiratory fail-
ure, particularly in postoperative patients.?*?%? Patients
who are bedridden, immobilized, or prone to shallow
breathing with a weak cough may also be candidates for
lung expansion therapy. The two primary techniques
for applying lung expansion therapy are incentive

CLINICAL FOCUS 2-4

Application of Incentive Spirometry

spirometry (IS) and intermittent positive pressure
breathing (IPPB). In addition, positive airway pressure
(PAP) is sometimes used to mobilize secretions and
treat atelectasis.”

Incentive spirometry should be considered in
patients who are able to perform the maneuver every
1 to 2 hours while awake and are able to achieve an
inspired volume of at least one-third of the predicted
inspiratory capacity (IC).?* Inspiratory capacity may be
estimated by multiplying the patient’s calculated ideal
body weight (IBW) in kilograms by 50 mL (i.e., IBW kg
x 50 mL/kg). Clinical Focus 2-4 provides an example of
the application of incentive spirometry. Recommended
frequency and duration of an incentive spirometry
session should be every hour while awake for 10 to
15 breaths of at least one-third predicted IC each
(or > 10 mL/kg). Also see the RC Insight.

RC Insights

Inspiratory capacity (IC) in adults can be estimated as follows:

IC =50 mL/kg of ideal body weight (IBW)
where IBW in kg is:

IBW men = [106+6(H-60)1/2.2

IBW women = [105+5(H—-60)] / 2.2

A preoperative 54-year-old coronary artery bypass graft (CABG) patient is seen by the respiratory care clinician for
assessment and patient education. The patient is alert, awake, and cooperative, and has no history of pulmonary
disease. Vitals signs, breaths sounds, and oximetry are normal, and the patient is in no distress. The patient’s spon-
taneous inspiratory capacity prior to surgery is 3000 mL. The patient is 5'11” and weighs 200 pounds.

In order to prevent postoperative atelectasis and related respiratory problems, a respiratory care plan for this

patient should include lung expansion therapy:

+ Goal of therapy is to prevent postoperative atelectasis and respiratory failure.
+ Device or procedure is incentive spirometry every hour while awake for 10 to 15 breaths followed by directed

cough.

+ Calculated ideal body weight (IBW) for this patient 172 pounds, or 78 kg:

IBW (lbs.) = 106 + 6(H — 60) = 106 + 6(71 — 70) = 172 Ibs.
kg =1bs/2.2 =172/2.2 =78 kg

+ Predicted inspiratory capacity (IC) for this patient is approximately 3900 mL:
Predicted IC = 50 mL/IBW (kg) = 50 x 78 = 3900 mL

+ Volume goal should be at least one-third predicted IC, or about 1200 mL per breath:
1/3 x 3900 mL = 1287 mL

+ Assessment includes monitoring volumes and compliance with IS and watching patient for development of
the signs and symptoms of atelectasis and postoperative respiratory failure:

Minimum volume for incentive spirometry = IBW x 50 mL/kg x 1/3
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IPPB should generally be reserved for patients who
have clinically important atelectasis in which other
therapy has been unsuccessful.* When used as a form
of lung expansion therapy, minimum delivered tidal
volumes during IPPB therapy should probably be at
least one-third of predicted IC, or about 1200 mL in a
typical adult.?® IPPB may also be considered for patients
at risk for developing atelectasis who cannot or will not
take a deep breath on their own. IPPB may also be use-
ful in a few patients for delivery of bronchodilators or
other medications where patient coordination and the
ability to take a deep breath is compromised. IPPB as
a form of lung expansion therapy usually includes the
administration of an aerosolized bronchodilator, and
therapy is usually given three times a day, four times
a day, or every 2 to 4 hours for approximately 10 to 20

BOX 2-11

Indications for Lung Expansion Therapy

Incentive Spirometry

Critical Care and Mechanical Ventilation

minutes. The indications for lung expansion therapy
are listed in Box 2-11. A sample protocol for delivery of
lung expansion therapy is found in Figure 2-6.

Critical Care and Mechanical
Ventilation

Respiratory care plans for patients in the intensive care
unit (ICU) may include therapy to improve oxygenation
and/or ventilation, provide secretion management and
airway care, treat bronchospasm and mucosal edema,
or deliver lung expansion therapy to treat or prevent
atelectasis. The goals of invasive and noninvasive venti-
latory support in the ICU include maintaining adequate
tissue oxygenation, ventilation, carbon dioxide removal,
and acid—base balance. Respiratory care in the ICU is

Patient is able to achieve an inspired volume of at least one-third of predicted IC (or VC = 10 mL/kg).

AND

Patient is able to perform the maneuver every 1 to 2 hours while awake.
AND ONE OR MORE OF THE FOLLOWING:
o DPatient is predisposed to development of atelectasis: upper/lower abdominal, cardiac, or thoracic surgery;

surgery in COPD; patient debilitated/bedridden; acute chest syndrome in patients; sickle cell disease.
o DPreoperative screening/instruction for surgical patients to obtain baseline volume or flow

o DPresence of atelectasis

o Quadriplegic and/or dysfunctional diaphragm
o Lack of pain control

o Thoracic or abdominal binders

o Restrictive lung defect with a dysfunctional diaphragm or involving the respiratory musculature

o IC<25L
o Neuromuscular disease or spinal cord injury

Intermittent Positive Pressure Breathing (IPPB)

Other therapy has been unsuccessful (incentive spirometry, chest physical therapy, deep breathing exercises,

positive airway pressure).

AND AT LEAST ONE OF THE FOLLOWING:

o Clinically important atelectasis

o Atrisk for postoperative pulmonary complications (e.g. atelectasis, pneumonia, respiratory failure)

« Inability to spontaneously deep breath with inadequate cough and/or secretion clearance (inspired vol-
umes less than one-third predicted IC or VC < 10 mL/kg)

o To deliver aerosol medication in patients unable to adequately deep breath and/or unable to coordinate

the use of other aerosol devices

o For short-term ventilatory support in an attempt to avoid intubation and continuous mechanical
ventilation, a noninvasive positive pressure (NPPV) device should be considered

IC, inspiratory capacity; VC, vital capacity.
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Assess Patient

Chart Review

Patient Interview

Physical Assessment
Measure Inspiratory Capacity

Y

Is Lung Expansion Therapy Indicated?

atelectasis

Upper abdominal surgery
Thoracic surgery

Coronary artery bypass graft
Lower abdominal surgery
Surgery in patients with COPD
Patient debilitated/bedridden
Presence of atelectasis
Quadriplegic and/or dysfunctional
diaphragm/spinal cord injury
Presence of thoracic or abdominal
binders

Lack of pain control

IC <25L

Neuromuscular disease

Acute chest syndrome (sickle cell
disease)

e Patient predisposed to development of

7 Yes

Is the patient’s spontaneous IC > 1/3
(or VC = 10 mL/kg) predicted™?

Is patient able to perform incentive
spirometry every hour while awake?

Yes

4

Can patient self-administer

No

No Consider IPPB

(see next page)

Supervised incentive

incentive spirometry?

Yes

Y

Instruct patient on proper use, target
volumes (= 1/3 predicted IC) and
frequency (every hour while awake)

spirometry

A

4

Assess Outcomes

* Adequate volumes achieved

e Improved cough
effectiveness/secretion
clearance

* Improved breath sounds

* Improved chest radiograph

* Patient’s subjective comments

Predicted IC = 50 mL/kg IBW

FIGURE 2-6 Protocol for lung expansion therapy.

Modified from: the American Association for Respiratory Care. Clinical Practice Guideline: Intermittent positive pressure breathing—2003 revision and update. Respir

Care.2003; 48(5):540-546.

also concerned with maintaining adequate circulation,
blood pressure, and cardiac output and monitoring
ventilatory and hemodynamic function. Chapters 6 and
7 describe assessment of oxygenation and ventilation;
Chapter 8 reviews arterial blood gases and acid—base
balance. The focus of Chapter 14 is acute and critical
care monitoring and assessment.

Diagnostic Testing

Patient assessment and care plan development may
require measurement of clinical parameters related to
oxygenation, ventilation, and cardiopulmonary func-
tion. Chapters 6 and 7 describe assessment of oxygen-
ation and ventilation; Chapter 8 reviews arterial blood
gases and acid-base balance. Laboratory, imaging, and
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Is IPPB indicated? Is IPPB contraindicated?
* Presence of clinical significant atelectasis when Absolute contraindication: untreated tension
other therapy (incentive spirometry, chest pneumothorax
physiotherapy, deep breath exercises, positive Relative contraindications:
airway pressure) has been unsuccessful. ;
* Inability to spontaneously deep breath (inspired * Intracranial pressure (ICP) > 15 mm Hg
volumes less than 1/3 predicted IC or VC < 10 Yes * Hemodynamic instability
*===> ml/kg) in patients with inadequate cough and/or » © Recent facial, oral, or skull surgery
secretion clearance and other therapy has been * Tracheoesophageal fistula
unsuccessful. * Recent esophageal surgery
* Patient at risk for postoperative pulmonary * Active hemoptysis
complications (e.g., atelectasis, pneumonia, ° Ngusea )
respiratory failure) AND other lung-expansion * Air swallowing
therapy has been unsuccessful. e Active untreated tuberculosis
e To deliver aerosol medication in patients who are * Radiographic evidence of bleb
unable to adequately deep breathe and/or * Singulation (hiccups)
coordinate the use of other aerosol devices and No
therapy (metered-dose inhaler [MDI], small- 7
volume nebulizer) has been unsuccessful. - =
* Patients with ventilatory muscle fatigue, Determine volume goals, medications, and
neuromuscular disease, kyphoscoliosis, spinal frequency of administration
injury or chronic conditions requiring intermittent e > 1/3 predicted IC or > 10 mL/kg or
ventilatory support may also benefit from IPPB to > 1200 mL in most adults
deliver aerosol therapy. e Frequency for critical care: every 1-6
* Provide short-term ventilatory support as an hours
alternative to tracheal intubation and continuous e Frequency for acute care or home care:
mechanical ventilation. Devices specifically for two to four times daily
noninvasive positive pressure ventilation (NPPV)  Bronchodilators are normally
should be considered. administered with IPPB
* Decrease dyspnea and discomfort during nebulized
therapy in patients with severe hyperinflation. \)
Apply Therapy
Y
Reassess Patient
e Adequate volumes achieved?
e Improved cough effectiveness?
e Secretion clearance/sputum
production?
e Chest radiograph improved?
¢ Breath sounds improved?
e Patient’s subjective comments?
e Improved FEV1 or peak flow
following bronchodilator
administration?
FIGURE 2-6 (continued)
other diagnostic studies may be needed to further Chapter 11 describes medical imaging. Chapter 13
define and clarify the patient’s problem and diagno- reviews pulmonary function testing. Following estab-
sis. Chapter 9 reviews laboratory studies, Chapter 10 lishment the patient’s diagnosis, a respiratory care plan
describes the use of the electrocardiogram (ECG), and is developed, implemented, and evaluated.
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Respiratory Care Plan Format taken to relieve problems or complaints, short- and

long-term goals, and evaluation and documentation.

A third possible format for the respiratory care plan
is found in Figure 2-8. This format includes patient
demographic data, indications for specific respiratory
care, and a care plan oriented towards maintaining
oxygenation, treating and preventing bronchospasm
and/or mucosal edema, delivering anti-inflammatory
and antiasthmatic medications, initiating therapy to
mobilize and remove secretions, and providing lung
expansion therapy.

Many institutions have developed various forms and
formats for use in writing and organizing the respira-
tory care plan. One common format uses problem-
oriented charting, including the use of a SOAP note
for the respiratory care plan, as described earlier.
Figure 2-7 contains a suggested format for organiz-
ing a respiratory care plan using the SOAP technique.
Another format may include problems or complaints,
possible sources of problems or complaints, actions

S: The patient’s subjective expression of the symptoms that have brought him or her before the clinician.
* The chief complaint is the leading statement reported by the patient.
* The history of present illness and past medical history are also subjective.

O: The objective signs that are exhibited by the patient.
 Includes physical assessment, vital signs, inspection, palpation, percussion, and auscultation.
» Diagnostic data such as the results of arterial blood gas analysis, chest radiography, pulmonary function, and
other laboratory tests may also be recorded.

A: The clinician’s assessment of the findings noted in the S & O sections of the clinical note.
* Commonly an assessment of the clinical signs and symptoms followed by the disease or disorder that is
suggested by the findings.
¢ For example, the symptoms, physical findings, and diagnostic data noted during examination of the asthmatic
patient present a very characteristic disease pattern.

P: Describes the care plan that has been formulated based on the assessment findings.
¢ The plan should address the treatment and/or monitoring of the patient’s disease state, conditions, or compliant.

SOAP Note Format

Patient Name: Age:

Physician(s): Height:

Hospital ID No.: Weight:
Sex:

Admitting Diagnosis:

Problems or Complaints:
e
2
8

) oL

Subjective Findings:

Objective Findings:

Assessment:

Plan:

FIGURE 2-7 SOAP format for organizing a respiratory care plan. The problem-oriented medical record (POMR) may be used to collect
and document data, assess the patient, and develop an appropriate treatment plan. The most common POMR technique is the SOAP note.
The SOAP note allows the clinician to report a patient assessment and treatment plan. The four letters of the acronym are described in the
figure.
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CHART REVIEW

Patient Name: Age:
Physician(s): Height:
Hospital ID No.: Weight:
Floor/Unit: Sex:

Admitting Diagnosis:

Other Problems from Problem List or Patient History and Physical:

1. 4.
2, B,
3 6.

Current Physician Orders for Respiratory Care:

Most Recent ABGs and/or SpO,:

Most Recent Chest X-ray Reports:

Most Recent Pulmonary Function Testing:

PATIENT INTERVIEW

Cough: Sputum Production:

Hemoptysis: Wheezing, Whistling or Chest Tightness:
Breathlessness:

Chest lliness:

Smoking:

Occupational History:
Hobby and Leisure History:
Medicines or Respiratory Care Used:
Response to Current Respiratory Care:

PHYSICAL ASSESSMENT

General Appearance:
Pulse: Respirations: Blood Pressure:
Level of Consciousness:

Chest Inspection:
Auscultation:
Percussion:
Palpation:
Bedside Spirometry: IC: PEFR: VC: FEVq:

ASSESSMENT FOR THERAPY

Evaluate whether each specific therapy listed is indicated and/or appropriate for this patient based on your chart review, patient
interview, and physical assessment data. NOTE: Check all indications present REGARDLESS of whether the patient is currently
receiving a particular therapy or not.

Assessment for Oxygen Therapy (check all indications present for oxygen therapy; see Box 2-5)

Y

(0]
(2]

documented hypoxemia

corrected hypoxemia

suspected hypoxemia

severe trauma

acute M.1.

immediate post-op recovery (recovery room or ICU)

oooooOd
oooooOz

Assessment for Bronchodilator Therapy (check all indications present for bronchodilator therapy; see Box 2-6)

Yes No
O O asthma
O O COPD
O O wheezing
O O documented response to a bronchodilator

FIGURE 2-8 Detailed respiratory care plan format. Format includes patient demographic data, indications for specific respiratory care,
and a care plan oriented towards maintenance of oxygenation, treatment and prevention of bronchospasm and/or mucosal edema, delivery
of anti-inflammatory and antiasthmatic medications, therapy to mobilize and remove secretions, and lung expansion therapy.
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Assessment for Anti-inflammatory Aerosol Agents (inhaled steroids) (check all of the indications present; see Box 2-8)

Yes No
J [0 asthma
O [J COPD
O [0 upper airway edema

Assessment for Antiasthmatic Aerosol Agents (cromolyn, etc.) (check all of the indications present; see Box 2-8)

Yes No
| [J asthma

Assessment for Directed Cough (check all of the indications present for this patient; see Box 2-10)

Yes No
O [J retained secretions, excess secretion production
[ ] following bronchial hygiene therapy
O [] atrisk for atelectasis/post-op pulmonary complications
O [] to obtain sputum specimen

Assessment for Suctioning (check all of the indications present for this patient; see Box 2-10)

Yes No
"1 [] inability to clear secretions with cough
O [0 need to remove secretions with artificial airway
O [] need to stimulate cough
O [] to obtain sputum specimen

Assessment for Mucolytic Therapy (check the indications present for this patient; see Box 2-10)

Yes No
O [J  evidence of viscous/retained secretions which are not easily removed via other therapy
O [J chronic bronchitis, cystic fibrosis, bronchiectasis

Assessment for Chest Physiotherapy (check all of the indications present for this patient; see Box 2-10)

Postural Drainage and Percussion

suggestion/evidence of problems with secretion clearance
difficulty clearing secretions with volume >25-30 mL/day (adult)
retained secretions in presence of an artificial airway

atelectasis caused/suspected to be due to mucus plugging
cystic fibrosis, bronchiectasis, cavitating lung disease

presence of a foreign body in airway

oDooooo e
Oo0Oo00#

Assessment for High Volume Bland Aerosol (see Box 2-10)

Cool Mist Bland Solution

Yes No
O [ post extubation
O [J deliver precise FIO, via air-entrainment nebulizer
O [0 upper airway edema
[] to obtain sputum specimen

Heated Large-Volume Nebulizer

Yes No
O [ evidence/potential for secretion clearance problem
O [] deliver precise FIO, with high humidity
O [J  mobilize secretions

Hypertonic Saline Administration

Yes No
O [] induce sputum

FIGURE 2-8 (continued)
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IPPB (check all the indications present for this patient)

Yes

o000
OOoO0Z

continuous mechanical ventilation.

IS, incentive spirometry; CPT, chest physiotherapy.

Assessment for Lung Expansion Therapy (see Box 2-11)

Incentive Spirometry (check all of the indications present for this patient)

Yes No
O [J Patient is able to perform the maneuver q1-2 hours while awake and is able
to achieve adequate inspired volume.
AND:
Check as many as apply:
Yes No
| [J Patient is predisposed to development of atelectasis (surgery, debilitated, bedridden, ventilatory
impairment/restrictive/ neuromuscular defect).
O [J Presence of atelectasis.
[ [J Preoperative screening/education of patients at risk.
[ [0 Patient has reduced inspiratory capacity (<2.5 L).

Presence of clinically important atelectasis AND other therapy has been unsuccessful.
Patient cannot or will not spontaneously deep breathe and is at risk for atelectasis.

To deliver aerosol medication with coordination or cooperation issues.

NPPV to provide short-term ventilatory support in an attempt to avoid intubation and

FIGURE 2-8 (continued)

Summary

The respiratory care plan is simply a written explana-
tion of the respiratory care that the patient is to receive.
The respiratory care plan may take the form of physi-
cian’s orders, a detailed progress note in the medical
record, an established protocol, completion of a stan-
dardized respiratory care plan form, or the use of prob-
lem-oriented medical records using SOAP notes. In
the clinical setting, respiratory care plan development
requires an initial physician’s order, a well-designed
protocol or policy, and careful patient assessment. The
physician’s order may be specific, or it may simply state
“respiratory care per protocol.”

Developing and implementing the respiratory care
plan requires a careful patient assessment. Following
the patient assessment, the respiratory care clinician
selects the appropriate care based on the patient’s con-
dition and the indications for each type of therapy. The
respiratory care plan may include the goals of therapy,
the device or procedure that will be used, medications
given, method or appliance used, gas source and/or
flow, volume goals, frequency of therapy, and duration
of therapy. The care plan may also include a statement
of how the intensity and/or duration of therapy will
be adjusted and when the therapy will be discontin-
ued. Assessment of the outcomes of therapy may also
be included. These may include evidence of clinical
improvement, measurement of bedside pulmonary

function data such as PEF or FEV,, improvement in
oxygenation or Spo,, improved quality of life, patient
subjective improvement, and the absence of adverse
side effects.

In summary, the respiratory care plan is the writ-
ten plan of treatment that the patient will receive. The
respiratory care plan may include goals, rationale,
and significance and a description of how care will be
assessed.

Key Points

» The respiratory care plan provides a written
description of the care the patient is to receive.

» Respiratory care plans include the goals of ther-
apy, the device or procedure to be used, medica-
tions to be given, frequency of administration,
and duration of therapy.

» SOAP refers to Subjective, Objective, Assess-
ment, and Plan.

> Acute respiratory failure (ARF) is defined as a
sudden decrease in arterial oxygen levels with or
without carbon dioxide retention.

» Acute ventilatory failure (AVF) is defined as a
sudden rise Paco, with a corresponding decrease
in pH.

»  Chronic ventilatory failure is defined as a chroni-
cally elevated Paco, with a normal (compensated)
or near-normal pH.
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Respiratory care plans may be developed for basic
and critical respiratory care, diagnostic testing, or
specialized procedures.

Oxygen therapy is indicated for documented or
suspected hypoxemia, severe trauma, acute myo-
cardial infarction (MI), and immediate postop-
erative recovery.

For delivery of low to moderate concentration of
oxygen, the nasal cannula is the device of choice.
With unstable ventilatory patterns or rapid, shal-
low breathing, an air-entrainment mask may be
considered.

For moderate to high concentrations of oxygen
therapy for short-term use, consider a simple
partial-rebreathing or nonrebreathing mask.

The primary indication for bronchodilator ther-
apy is to treat or prevent bronchospasm.
Bronchodilator therapy is indicated in acute
asthma, COPD, and whenever wheezing is due to
reversible bronchoconstriction.
Anti-inflammatory aerosol agents and antiasth-
matic drugs include inhaled corticosteroids, cro-
molyn sodium, and antileukotrienes.

Techniques to mobilize or remove secretions
include directed cough, suctioning, use of high-
volume aerosol therapy, and bronchial hygiene.
Directed cough should be included as an integral
part of bronchial hygiene therapy.

Forced expiratory technique (FET), also known
as a “huff” cough, is a modified version of the
directed cough.

A cool bland aerosol is indicated in the treatment
of upper airway edema and for postoperative
management of the upper airway.

Bronchial hygiene techniques include chest phys-
iotherapy, kinetic therapy, high-frequency chest
wall oscillation (HFCWO), positive airway pres-
sure (PAP), the flutter valve, intrapulmonary
percussive ventilation (IPV), and mechanical
insufflation—exsufflation.

Nasotracheal (NT) suctioning is indicated in
cases where the patient’s spontaneous or directed
cough is ineffective.

The primary indications for lung expansion ther-
apy are in the treatment and/or prevention of
atelectasis.

Lung expansion therapy may be used to prevent
the development of respiratory failure, particu-
larly in postoperative patients.

The two primary techniques for applying lung
expansion therapy are incentive spirometry and
intermittent positive pressure breathing (IPPB).
Incentive spirometry should be considered in
patients who are able to perform the maneuver
every 1 to 2 hours while awake and are able to
achieve an adequate inspired volume.

CHAPTER 2 Development and Implementation of Respiratory Care Plans

IPPB should generally be reserved for patients
who have clinically important atelectasis in which
other therapy has been unsuccessful.

PAP is sometimes used to mobilize secretions and
treat atelectasis.

The goals of ventilatory support in the ICU
include maintaining adequate tissue oxygenation,
ventilation, and acid—base balance.

Patient assessment and care plan development
may require measurement of clinical parameters
related to oxygenation, ventilation, and cardio-
pulmonary function.
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CHAPTER OUTLINE

Toni M. Podgorak and David C. Shelledy

Medical Records
Review of the Medical Record
Charting

CHAPTER OBJECTIVES

1.
2.
3

10.
11.
12.

13.

14.
15.

16.

17.

Define the term medical record.

Explain the four functions of a chart.

Compare the electronic medical record (EMR) with the
electronic health record (EHR).

Contrast the advantages and disadvantages of EMRs,
EHRs, and paper-based medical records.

Explain the term problem-oriented medical record (POMR).
Provide examples of objective and subjective comments
that may be included in a SOAP note.

Write an appropriate SOAP note given information about a
patient requiring respiratory care assessment.
Categorize the types of information that may be found in
each of the major sections of the patient medical record.
Distinguish the major admitting diagnoses seen in the
acute care setting.

Summarize the important pulmonary and critical care
diagnoses seen in the hospital.

Describe the types of physician’s orders that are important
to review as a part of a respiratory care consult.

Write an appropriate order for a basic respiratory care
treatment or procedure.

Provide examples of medications that may be prescribed
for cardiopulmonary patients and explain the significance
of each.

Describe the types of respiratory care orders found in the
patient chart and explain the significance of each.

Explain the significance of do not resuscitate (DNR) orders
in the patient chart.

List the components of a typical history and physical
examination report found in the patient chart and explain
the significance of each.

Give examples of other information to be reviewed in the
patient chart, including vital signs, progress notes, and
results of laboratory and imaging studies.

LR - —_

- )ik D PR ehan o

18. Interpret common symbols and abbreviations sometimes
encountered in the patient medical record.

19. Utilize the rules for charting when recording information in
the medical record.

20. Formulate an appropriate medical record entry for a basic
respiratory care procedure.

KEY TERMS

imaging studies
laboratory studies
medical record
physician’s orders
critical care monitoring problem-oriented medical
electronic health record record (POMR)
(EHR) SOAPIER
electronic medical record The Joint Commission (TJC)
(EMR)
history and physical
examination

admitting diagnosis
Centers for Medicare and

Medicaid Services (CMS)
charting

Overview

Medical records have evolved from simple documen-
tation of care provided to a patient by a physician or
other healthcare provider to an interdisciplinary/inter-
professional tool used to track, monitor, and evaluate
patient care. They can also be used to identify trends
in the health of a population. Because the medical
record allows the clinician to document, organize, and
review patient data directly related to the development
of the respiratory care plan, it plays a central role in
patient management. One must also always remember
that the medical record is a legal document and that
any information in the medical record may be used in
court or other legal proceedings. The medical record
is also used to determine healthcare reimbursement by
insurance companies, Medicare, Medicaid, and other
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CHAPTER 3 Review of the Medical Record

third-party payers. Consequently, it is essential that the
information recorded in the medical record be timely,
accurate, legible, and written in understandable and
clear language.

This chapter will explore components of the medical
record while differentiating between the various types
of records currently used in healthcare. We will then
review existing data in the patient’s medical record and
highlight the major sections of the medical record that
should be reviewed. A brief overview of charting as it
relates to the hospitalized patient follows in order to
provide the respiratory care clinician a foundation for
solid clinical documentation skills.

Medical Records

Medical records provide a standardized method of
recording and collating information pertinent to the
care and treatment of the hospitalized patient. This
information is then shared in paper (written) or elec-
tronic form. Chart organization can vary from one hos-
pital to the next; however, the functions of the medical
record will always include: (1) serving as a database
clinicians can access for data collection and review;

(2) providing a legal record of all care and services pro-
vided; (3) establishing clear documentation of diagnosis
and care provided for reimbursement; and (4) offering
a central location for interdisciplinary communication
and documentation to monitor and improve patient
outcomes. Review of the existing medical record (“chart
review”) is the first step in developing a comprehensive
respiratory care plan. With the exception of medical
emergencies, the patient medical record should also be
reviewed prior to initiation of any ordered respiratory
care. Box 3-1 lists the major sections found in the typi-
cal hospitalized patient medical record or chart.

BOX 3-1

Components of the Medical Record

Patient information/admissions sheet
Physician’s orders

Reports of history and physical examination(s)
Consultation reports

Laboratory study results

Imaging reports

Cardiac testing reports

Progress notes

Nurses notes

Respiratory therapy notes
Medication records

Reports of procedures and operations
Patient education (previous)

Certain content in the medical record is required in
order to meet federal and state law and regulations as
well as standards of accrediting agencies. In addition,
health records must meet the standards set forth by the
Centers for Medicare and Medicaid Services (CMS)
of the U.S. Department of Health and Human Services.
The Joint Commission (TJC) accredits and certifies
hospitals, healthcare organizations, and related pro-
grams in the United States (see www.jointcommission
.org). TJC is authorized by CMS to review patient medi-
cal records to ensure that clinicians provide detailed,
timely, confidential, and accurate depictions of the
services and/or care provided. Together, CMS and TJC
regulations attempt to ensure that institutions effec-
tively manage the collection and recording of health
information.

RC Insights

Always check the patient’s chart or medical record before
providing care. The only exception is for providing emergency
care or immediate life support.

Reimbursements for healthcare are dependent on
accurate diagnosis and appropriate treatment. In addi-
tion, both must be documented; in the eyes of the law,
if something is not recorded in the medical record, it
did not happen. The respiratory care clinician could be
accused of negligence if failure to properly record infor-
mation results in harm to the patient. Respiratory ther-
apists (RTs) tend to be named as plaintiffs in lawsuits
less frequently than physicians or registered nurses
(RNs). However, RTs are increasingly being included
in cases involving airway management, intubation,
mechanical ventilation, and cardiopulmonary resusci-
tation (CPR). The number of medical malpractice cases
related to breaches of confidentiality has also increased.
In the event that a patient brings legal action against a
hospital, four basic criteria must be met for the medical
record to be deemed admissible as evidence.! The medi-
cal record must be:

1. Documented in the normal course of providing
care

2. Keptin the regular course of business

3. Made at or near the time of the matter recorded

4. Made by a person within the hospital or
healthcare agency with knowledge of the acts,
events, conditions, opinions, or diagnoses
recorded

RC Insights

Clinicians should only view the medical records of patients
under their direct care.
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Types of Medical Records

The following provides an overview of three types of
medical records: paper-based medical records, elec-
tronic medical records (EMRs), and electronic health
records (EHRs).

EMRs Versus EHRs

In the United States, physicians and hospitals are tran-
sitioning from paper medical records to EMRs/EHRs,
which allow documentation through the electronic
collecting, storing, and organizing of individual patient
information. EMR and EHR are not interchange-

able terms. In 2008, The National Alliance for Health
Information Technology (NAHIT) established the fol-
lowing definitions for EMRs and EHRs?:

m EMR: “an electronic record of health-related
information on an individual that can be created,
gathered, managed, and consulted by autho-
rized clinicians and staff within one health care
organization”

m EHR: “an electronic record of health-related infor-
mation on an individual that conforms to nation-
ally recognized interoperability standards and
that can be created, managed, and consulted by
authorized clinicians and staff across more than
one health care organization”

The 2009 American Recovery and Reinvestment
Act (ARRA) included financial incentives for physician
practices and hospitals to adopt EHR systems starting
in 2011; disincentives for not adopting these systems
start in 2015.%>* In 2011, 57% of office-based physicians
used an EHR system.® Studies indicate that adoption
of EHRs can vary greatly based on the hospital’s size,
teaching status, and location.® In 2008, a total of 11% of
nonfederal U.S. hospitals had implemented basic EHR
systems, and less than 2% had implemented compre-
hensive systems in at least one clinical unit.” Despite
the low percentage of total implementations, many
hospitals have begun implementation of key EHR func-
tionalities, such as physician’s notes or clinical-decision
support systems involving practice guidelines.®

RC Insights

A breach of confidentiality is disclosure to a third party, without
patient consent, of private information related to the health and
care of the patient.

Paper Charts

Traditional paper charting is easy for the novice cli-
nician to navigate. Paper charts provide a snapshot
of everything that must be documented. Charts are
typically two- or three-ring notebooks or charts
with papers held within by a clasp. The traditional

Medical Records

paper chart is divided into categories such as: Patient
Information/Admission Sheet; Physician Orders;
History and Physical; Progress Notes; Nurses Notes;
Medication Record; Laboratory Results; Radiology/
Imaging; Cardiovascular (ECG); Patient Care Flow
Sheets (vital signs, fluid-I/O, hemodynamics, ventila-
tion flow sheets, other); Reports of Operations (surgi-
cal and anesthesia records); Consultation Reports;
Respiratory Therapy Notes; Medications; Discharge;
and Other Records. A major drawback to paper
documentation is that only one person can access the
chart at a time. In addition, paper charts can be time-
consuming to locate if they are not returned to the
designated area for chart storage. Figure 3-1 illustrates
a paper document used by respiratory therapists to
chart respiratory care treatments, procedures, progress
notes, assessments, and care plans. Figure 3-2 pro-
vides an example of a paper flow sheet for mechanical
ventilation.

Benefits of EHRs/EMRs

The EMR provides a centralized electronic “chart”

that can be accessed from multiple workstations, thus
enhancing access and clinical efficiency. In today’s busy
clinical environment, real-time, bedside charting is
made possible via stationary bedside computers, com-
puters-on-wheels, handheld tablet PCs, personal digital
assistants (PDAs), and smartphones. Clinicians undergo
extensive orientation and training on the proper use of
the software used at a specific hospital. Unfortunately,
there are multiple EMR software system vendors, and
no one system has been universally accepted. In fact,

it would not be unusual to encounter different EMR
systems in different hospitals in the same city or region.
This may pose a challenge to healthcare providers

who work across different hospital systems as they

seek to consolidate important patient information.
Cerner Corporation, McKesson, and Meditech have
been reported to have greater than 50% of the EMR/
EHR market; Epic, Allscripts (Eclipsys), Siemens, CPSI,
Healthcare Management Systems, and Healthland are
among the top 10 most widely used EHRs.” EHRs have
the potential to improve patient care and safety. For
example, hospital personnel have, on rare occasion,
caused severe patient harm, and hospitals have endured
public relations disasters, as a result of inappropriate
and/or lethal doses of medications being administered
by mistake. EHRs have the potential to greatly reduce
these errors. Box 3-2 lists the advantages and disadvan-
tages of EMRs.

Problem-Oriented Medical Records

The problem-oriented medical record (POMR) was
created in 1968 by Dr. Lawrence Weed. The POMR
focuses on problem-solving while providing complex
care by encouraging ongoing assessments and care
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BAR CODE LABEL

Patient Name

MR #

ABC UNIVERSITY MEDICAL CENTER

Date Time Comments

Therapist

FIGURE 3-1 Respiratory care notes.

adjustments by the healthcare team."” The format of the
POMR varies from institution to institution. Essential
components include a database, a problem list, a plan of
care, and progress notes.

The POMR begins with compiling a database. This
is done by using information from interviews with
the patient and family, the results of assessments and
physical exams, and findings from laboratory and
imaging studies. The database helps to generate a dif-
ferential diagnosis, or problem list. Iltems on a problem
list should be verifiable facts that are indexed into
active/inactive problems, including the date of onset.
An initial plan of care is then formulated in which
each problem is named and described using a progress
note format. Shortly after the initial development of

the POMR, the SOAP note was developed to further
standardize medical evaluation entries made into the
healthcare record.* SOAP notes enable respiratory care
clinicians to quickly document the plan of care. The
four components of the SOAP format are:

S (Subjective): Subjective information is what the
patient (or family member) says. Subjective
information is obtained from the patient, his
or her relatives, or a similar source.

O (Objective): Objective information is what
you can see, hear, touch, or smell. Objective
information is based on the healthcare
professional’s direct observations of the
patient as well as the results of laboratory or
imaging testing.
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BAR CODE LABEL Patient Name
MR #

ABC UNIVERSITY MEDICAL CENTER

DAY OF VENTILATION (number): AIRWAY INFORMATION
Time/Initials

Date: Airway Type

DX: Airway Size
Secured @ Lip

Oxygen Equipment: (cm)

Inubation Date/Time: Extubation Date/Time: Cuff Pressure (cm H»0)
Position in mouth

Time

Mode SUCTIONING RECORD

Set V1 (mL) Time/Initials

Set RR Sputum Volume

REER Sputum Consistency

Fio, Sputum Color

Pressure Support

Tube Comp.

Insp. Pressure BREATH SOUNDS

Heart Rate Time/Initials

VT Spont. Aeration Good /Poor /| Bases

VT Mand. Aeration Balance R=L/R>L/R<L

Total RR Right Lung

MV Rhonchi RUL / RML / RLL

Peak Pressure Crackles RUL / RML / RLL

Plateau Pressure Wheeze RUL / RML / RLL

Mean Pressure Clear RUL / RML / RLL

Static Comp.

Dynamic Comp. Left Lung

RAW Rhonchi LUL/LLL

REER Crackles LUL/LLL

Spo, Wheeze LUL / LLL

ETCO, Clear LUL /LLL

| Time

I:E Ratio

Flow COMMENTS

Rise Time

Wave Form

Sensitivity

Temp/HME

Initials

ALARMS

Time/Initials

Peak Pressure High/Low

MV High/Low SIGNATURE Initials

High RR

V1 High/Low

eTco, High/Low

D-Sens

FIGURE 3-2 Mechanical ventilation flow sheet.
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BOX 3-2

Advantages and Disadvantages of Electronic Medical Records

Advantages ‘ Disadvantages
Facilitate effective quality assurance Initial high cost
Produce a legible record Large training investment
Accessible by multiple people at the same time Power failures
Expedite the transfer of data between facilities Hardware crashes and breakdowns
Reduce the number of lost records Software glitches
Speed the retrieval of data and expedite billing Sabotage of the system by disgruntled employees and hackers
Provide analysis of practice patterns and research activities Unauthorized access
Allow for a complete set of backup records at little or no cost Reluctance of physicians to use tightly controlled note format
Easily !dentify patients due for preventative screenings or
vaccinations
Practice enhancers and a public relations tool

Data from: Haskins M. Legible charts! Experiences in converting to electronic medical records. Can Fam Physician. 2002;48(4):768-771; van Wingerde FJ,
Sun Y, Harary O, Mandl KD, Salem-Schatz S, Homer CF, Kohane IS. Linking multiple heterogeneous data sources to practice guidelines. Proc AMIA Symp.
1998;391-395; Kapp M. Our Hands Are Tied: Legal Tensions and Medical Ethics. Westport, CT: Auburn House; 1998; Evans RS, Pestotnik SL, Classen
DC, Horn SD, Bass SB, Burke JP. Preventing adverse drug events in hospitalized patients. Ann Pharmacother. 1994;28(4):523-527; Buckner F. The duty to
inform, liability to third parties and the duty to warn. J Med Prac Manage. (Sept/Oct 1998): 100; Loomis GA, Ries JS, Saywell RM, Thakker NR. If electronic
medical records are so great, why aren't family physicians using them? J Fam Pract. 2002;51(7):25.

A (Assessment): The assessment section of the E (Evaluation): Patient responses to interventions
SOAP note provides the interpretation and medical treatments.
or conclusions regarding the objective R (Revision): Care plan modifications suggested
and subjective information. The patient’s by the evaluation. Changes may target revised
problem(s) and/or diagnosis may be listed and outcomes, interventions, or target dates.

described here.

P (Plan): The plan of action to be taken to resolve
the problem(s) and/or treat the patient
is described. All subsequent plans and

modifications should be added to the SOAP Review of the Medical Record

note. Review of the medical record, better known as “chart
review,” is the first step in development of a compre-
hensive respiratory care plan. A careful review of the
existing medical record or patient chart should precede
the administration of care by the respiratory clinician.
The only exception to this rule is cases where immedi-
ate or emergency care is essential to supporting the
patient or treating a medical emergency. Review of
the patient’s chart or medical record by the respira-
tory care clinician should include review of the patient
I (Intervention): The specific interventions that admissions sheet, admitting diagnosis and problem
have actually been performed by the caregiver. list, physician’s orders, results of history and physical

Clinical Focus 3-1 provides an example of a
SOAPIER note for a respiratory care patient.

Box 3-3 gives examples of respiratory care—related
findings that may be recorded under the subjective and
objective sections of a SOAP note. Some institutions
have modified the SOAP note so that care providers
are able to document revisions to the care plan based
on a patient’s response to therapy. SOAPIER is a newer
acronym being used, which includes the following
additions:
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BOX 3-3
Examples of Subjective and Objective Data for Respiratory Care-Related SOAP Notes

Subjective: Symptoms, what the patient (or family member) says or experiences.

o Fever o DPalpitations

o Sweating or night sweats o Headache

« Fatigue and/or lethargy o Sinus pain

o Anxiety o Hoarseness

o Problems sleeping o Ankle swelling

o Cough and sputum production o Heartburn

» Hemoptysis o Nausea

 Shortness of breath o Vomiting

o Wheezing, whistling, or chest tightness o Diarrhea

o Chest pain o Lack of appetite

Objective: Signs and tests, what the clinician observes.

o Heart rate o Pulse oximetry values

o Respiratory rate o Arterial blood gas results

o Respiratory pattern o ECG results

o Accessory muscle use o Hemodynamic monitoring results

o Temperature o Pulmonary function test results

o Breath sounds o Medical laboratory results (sputum culture and
o Cough effort sensitivity, CBC, blood chemistry, etc.)
o Sputum volume, consistency, color, and odor o Imaging studies (chest x-ray, CT scan,
o Physical examination findings MRI, other)

CBC, complete blood count; CT, computed tomography; MRI, magnetic resonance imagery.

CLINICAL FOCUS 3-1

SOAPIER Note for a Respiratory Care Patient

A 51-year-old obese female is status post coronary artery bypass graft (CABG). The patient was intubated for
surgery and extubated 6 hours post operatively and placed on oxygen at 2 L via nasal cannula. Forty-eight hours
postop, the respiratory care clinician enters the patient’s room to perform a respiratory care assessment, because
the patient has recurrent desaturations and is unable to perform incentive spirometry. The patient is found sitting
upright in bed; the nasal O, therapy has been taken off and is on standby at the bedside. On physical examination,
the patient is found to be afebrile (temperature: 98.1°F). Vital signs are respiratory rate (RR) 31/minute and shal-
low; blood pressure 122/74 mm Hg; pulse (HR) 96/minute; Spo, 87% on room air. Auscultation reveals faint, slight
inspiratory wheeze and late inspiratory crackles bilaterally with dullness to chest percussion. Chest x-ray reveals
atelectasis/infiltrate in lower lobes. Room air arterial blood gas results are pH 7.49, Pao, 64, Pco, 30, and HCO; 22.

Soapier Note

Problem 1: Atelectasis, 7:15 a.m., 05/16/15

Subjective: “My chest hurts when I take a deep breath”

Objective: Patient sitting upright in bed; pale, dry skin; RR 31/minute, thoracic in nature, shallow; HR 96/minute,
regular and faint to palpation; Spo, 87% on RA; BP 122/74 mm Hg; temp 98.6°F (38.3°C); slight wheeze, late
inspiratory crackles bilaterally—lower lobes; chest x-ray suggestive of bibasilar atelectasis. ABG: pH 7.49, Pao,
64, Pco, 30, HCO; 22. Ineffective cough. The patient’s calculated ideal body weight is 115 lbs (52 kg). Predict-
ed inspiratory capacity is 2600 mL (50 mL/kg x 52 kg).

(continues)
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(continued)

Assessment: Atelectasis; poor ability to cough, deep breathe, and mobilize secretions; acute respiratory alkalosis
with mild hypoxemia.

Plan: Initiate O, therapy by nasal cannula to maintain Spo, > 92%; provide cough instruction and assist with
coughing and deep breathing every 1 to 2 hours; initiate incentive spirometry and evaluate patient’s inspira-
tory capacity. Begin bronchodilator therapy via small-volume nebulizer every 4 hours while awake. Ambulate
as tolerated. Monitor breath sounds, secretion clearance, and Spo, before and after each nebulizer treatment.
Provide additional cough and incentive spirometry instruction and assess inspiratory capacity via incentive
spirometry after each nebulizer treatment.

Intervention: O, therapy initiated at 2 L/min; small-volume nebulizer aerosol therapy given with albuterol solu-
tion (2.5 mg in 3 mL of normal saline) x 10 minutes followed by cough and deep breathing instruction. Incen-
tive spirometry begun with target goal of a minimum of 1000 mL x 10 to 15 breaths repeated every hour while
awake. Minimum incentive goal is at least one-third of the predicted inspiratory capacity (1/3 x 2600 mL =
860 mL).

Evaluation: Spo, improved to 93% following O, initiation. Pulse before, during, and after initial nebulizer treat-
ment was 88-86-86. Respiratory rate before during and after initial nebulizer therapy was 22-18-20. Dimin-
ished breath sounds noted before nebulizer therapy; aeration improved following therapy. Cough productive
of 1 to 2 mL of colorless, mucoidal secretions following nebulizer treatment. Patient able to achieve an incen-
tive spirometry volume of 1000 mL x 10 breaths, which is acceptable.

Revision: 48 hours of therapy completed. Diagnostic: Chest x-ray shows resolution of atelectasis; Spo, 98%
on room air. Patient has been using incentive spirometry every 1 to 2 hours while awake and achieving an
inspired volume of at least 1000 mL/breath. Continue ambulation as per physician orders and patient toler-
ance; discontinue nebulizer and 0, therapy.

m Childbirth (see Chapter 16 for maternal and peri-
T ——r > m Heart disease (acute myocardial infarction [MI],
?:arl;Z(Ij—Iaers:'ould gl Oblizsg Pl coronary atherosclerosis [coronary artery disease,
CAD], other ischemic heart disease, arrhythmias,
and congestive heart failure [CHF])

m Mental health issues (including depression)
o ®m Malignant neoplasms (cancer)
examinations, consultation reports, and diagnostic ® Pneumonia
testing results (laboratory tests, imaging studies, blood = Chronic obstructive pulmonary disease (COPD)
gases, and pulmonary functions test results). The respi- AR
ratory care clinician should also review any progress m Acute cerebrovascular disease (stroke)
notes, data or monitoring flow sheets, and reports of = Bone fractures
operations or special procedures. The following items m Osteoarthritis
should be reviewed, if available, under each of the major ® Back problems
medical record sections: ® Septicemia
) o m Diabetes mellitus
Patient Admissions Sheet m Surgical procedures (including cardiac catheter-
The patient admissions sheet will include the patient’s ization, endoscopy, and orthopedic, abdominal,
name, age, sex, admission date and time, attending phy- and thoracic surgery)

sigangndetierperasrerhic iniaimation Many of the common diagnoses associated with hos-

pitalization are chronic in nature. Important chronic

Admlttmg Dlagn05|s and/or Problem List diseases that sometimes require acute care include
The admitting diagnosis provides a starting point for CHE, stroke, COPD, cancer, asthma, and diabetes.

the respiratory care clinician to assess the patient, Acute pulmonary and critical care diagnoses that
evaluate ordered respiratory care, and develop a respi- are often seen by the respiratory care clinician include
ratory care plan. Common general hospital admission respiratory failure, cardiac disease, neuromuscular
diagnoses include: disease, musculoskeletal disease, shock (anaphylactic,
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cardiogenic, septic, hypovolemic, and neurogenic),
renal failure, and traumatic injury.'*** Commonly
encountered traumatic injuries include chest trauma
(rib fractures, sternal injury, and lung contusions),
cervical spine and/or spinal cord injury, long bone frac-
tures, burns, head trauma, and abdominal trauma.!>-*
Acute and critical care—related causes of respiratory
failure, acute lung injury (ALI), and acute respiratory
distress syndrome (ARDS) include:

Aspiration

Atelectasis

Drug overdose (sedatives, narcotics)
Hypoventilation syndrome

Morbid obesity

Musculoskeletal disease (ICU myopathy, rhabdo-
myolysis [breakdown of muscle tissue leading to
release of myoglobin into the blood], spinal cord
injury, other)

Neuromuscular disease (myasthenia gravis,
Guillain-Barré syndrome, other)

Obstructive lung disease

Pneumonia

Postoperative respiratory failure

Pulmonary contusion

Pulmonary edema (cardiac, noncardiac)
Pulmonary embolism

Restrictive lung disease

Sleep apnea

Transfusion-related lung injury

Upper airway obstruction

Physician's Orders

The respiratory care clinician should carefully review
the current physician’s orders for medications, respira-
tory care (to include oxygen therapy, respiratory care
procedures, or mechanical ventilatory support), and
diagnostic testing (to include laboratory and imag-

ing studies). Review of the current orders provides

an excellent overview of the treatment the patient is
receiving, diagnostic testing that has been ordered and/
or performed, and any planned procedures or opera-
tions. Orders may also be written by certain mid-level
healthcare providers, such as advanced practice nurses
and physician assistants. Examples of current physician
orders that should be noted related to assessment of the
respiratory care patient are described in the following
section.

Medications

Orders for the following types of medications should be
noted:

m Antimicrobials: These may include antibiotics or
antiviral and/or antifungal agents used to treat
lung infection.

Review of the Medical Record

B Respiratory care medications: These may include
bronchodilators, inhaled corticosteroids, other
antiasthma medications, inhaled antimicrobials,
mucus-controlling agents, surfactant agents, nasal
decongestants, nasal anti-inflammatory agents,
and cough and cold medications. Certain patients
with a-proteinase inhibitor (a,-PI) deficiency—
associated emphysema may have an a,-proteinase
inhibitor medication (Zemaira) prescribed for
intravenous (IV) administration.

m Cardiac/cardiovascular agents: These may include
vasopressors, inotropic agents, antiarrhythmic
agents, antihypertensives, antianginal agents, anti-
thrombotic drugs, and diuretics.

m Sedatives, hypnotics, narcotics, and pain medica-
tions: Remember that opioids (morphine, meperi-
dine [Demerol], codeine, fentanyl, oxycodone, and
hydrocodone) act as sedatives and may depress
ventilation.

m Systemic steroids: These are sometimes pre-
scribed in the treatment of acute, severe asthma
and in exacerbation of COPD. Steroids that may
be given systemically include cortisone, hydro-
cortisone, prednisone, prednisolone, triamcino-
lone, methylprednisolone, dexamethasone, and
betamethasone.

m Neuromuscular blocking agents: These may
include vecuronium, succinylcholine, and cisa-
tracurium. Neuromuscular blocking agents are
sometimes used during surgical procedures to
paralyze the patient while providing ventila-
tion via an anesthesia ventilator. Neuromuscular
blocking agents are also sometimes used to
immobilize/paralyze patients receiving invasive
mechanical ventilation. Great care must be taken
with the use of neuromuscular blocking agents
during mechanical ventilatory support because a
ventilator malfunction or disconnect can be cata-
strophic in the paralyzed patient who is unable to
breathe on his or her own.

m Airway medication instillations: Medications
that may be instilled directly into the airway
include epinephrine, lidocaine, and cold saline.
On rare occasions, topical thrombin may be
directly instilled into the airway during bronchos-
copy to stop or help control airway bleeding or
hemoptysis.

B Drugs that may cause methemoglobinemia:
Lidocaine, benzocaine spray, dapsone, chloro-
quine, nitric oxide, and nitroprusside may cause
methemoglobinemia. An elevated level of methe-
moglobin may interfere with the blood’s oxygen-
carrying capacity. Methylene blue may be used to
treat severe methemoglobinemia.

B Reversal agents: A number of agents are used to
reverse the effects of another drug. Naloxone
is used to reverse the effects of opioid drugs or
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narcotics. Flumazenil may be used to reverse

the effects of benzodiazepines, a class of tran-
quilizers also sometimes used to treat insom-

nia. Neostigmine is a reversal agent that can
reverse the effects of nondepolarizing muscle
relaxants such as vecuronium and rocuronium.
Edrophonium is sometime used in the “tensilon
test” to differentiate between a myasthenic versus
a cholinergic crisis in myasthenia gravis.

Intravenous Fluid Administration
and Parenteral Nutrition

Orders should be noted for IV fluid administration. IV
orders should include the solution to be used, the rate
of infusion, and any medications or electrolytes that
may be included. The respiratory care clinician should
also note orders for parenteral nutrition.

Respiratory Care Orders

Respiratory care orders that should be reviewed include
orders for oxygen therapy, respiratory care treatments
and procedures, diagnostic studies related to respira-
tory care (e.g., blood gases, pulmonary function test-
ing, sleep studies, exercise testing), and orders related
mechanical ventilatory support. Examples of typical
physician’s orders for respiratory care are found in

Box 3-4. The following list describes each of these
areas:

m Owxygen therapy. The clinician should note any
oxygen therapy orders to include the device, liter
flow, desired Fro,, and associated orders for oxim-
etry (Spo,) and/or blood gases. It should be noted
whether the therapy is to be delivered “per proto-
col,” which may allow titration of the oxygen ther-
apy based on assessment of Spo, and/or blood gas
results. Ideally—though not essential—a prether-
apy blood gas on room air will have been ordered
and reported in order to establish baseline values
for Pao,, Sao,, and Cao,. It should also be noted
if oxygen therapy is ordered PRN (as needed) or
for continuous use. In the acute care setting, PRN
oxygen therapy orders should be avoided because
intermittent oxygen therapy can result in severe
hypoxemia when the oxygen therapy is removed
during meals, visits to the bathroom, or patient
transport. Continuous positive airway pressure
(CPAP) devices may also be ordered to improve
oxygenation.

B Respiratory therapy. Respiratory therapy orders,
sometimes known as “treatments,” may include
orders for inhaled aerosol medications (bron-
chodilators, corticosteroids, nonsteroidal
antiasthma medications, anti-infective agents,
mucus controlling agents); lung expansion

therapy (incentive spirometry, intermittent posi-

tive pressure breathing [IPPB]; airway clearance

techniques (cough and deep breathing instruc-
tion, positive expiratory pressure [PEP] therapy,
high-frequency chest wall oscillation); chest
physiotherapy (postural drainage, chest percus-
sion, vibration and use of chest percussors and/or
vibrators); and other therapies aimed at improving
respiratory function. Humidification and/or nebu-
lizer therapy may also be ordered.

B Respiratory care diagnostic tests and procedures.
Respiratory care consults may be ordered to assess
and treat patients using established protocols or
to generate a new respiratory care plan. Orders
may include diagnostic procedures such as oxim-
etry, blood gas studies, pulmonary function test-
ing, exercise testing, or sleep studies. Airway care
and ventilatory and/or hemodynamic monitoring
may be prescribed. Therapeutic and/or diagnostic
bronchoscopy and insertion of chest tubes to treat
pleural effusion and/or pneumothorax may be
ordered. Special life-support techniques such as
extracorporeal membrane oxygenation (ECMO)
and mechanical circulatory assistance may also be
ordered.

B Mechanical ventilatory support. Orders for
invasive or noninvasive mechanical ventilatory
support should be reviewed carefully to include
whether protocols should be used for ventilator
initiation, patient stabilization, Fio,, and positive
end-expiratory pressure (PEEP) titration and/or
weaning. The clinician should note orders for the
following:

m Noninvasive ventilation and desired support
levels

m Invasive ventilation to include mode of
ventilation

m Initial ventilator settings (patient trigger; tidal
volume; rate; inspiratory pressure, flow and
time; F10,; PEEP/CPAP)

m Protocols to manage ventilation (initial set-
tings, patient stabilization, weaning, PEEP
titration, other)

m Special modes (high-frequency ventilation,
inverse ratio ventilation, independent lung ven-
tilation, other)

m Procedures to improve oxygenation to include
bronchial hygiene, recruitment maneuvers,
and/or prone positioning

m Inhaled vasodilators (nitric oxide, prostacyclin)

®m Specialty gas orders (e.g., helium—oxygen
mixtures)

m Airway care to include humidification, suction-
ing, cuff maintenance, tube position monitor-
ing, and tracheostomy care
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BOX 3-4
Examples of Typical Physician’s Orders for Respiratory Care

Oxygen Therapy

Orders should specify the device and liter flow and/or desired F10,. PRN (as needed) orders should be avoided.
The following are examples of orders for oxygen therapy:

o “Begin nasal cannula at 2 L/min; titrate to maintain Spo, > 92%

o “Venturi mask at 28%.

« “Nonrebreathing mask at 8 to 10 L/min. Follow with ABG in 30 minutes”

» “O, by nasal cannula to maintain Spo, > 92%.

+ “Cool aerosol by mask at 40% O,

AR F1o, to .30 and get an ABG in 30 minutes. Call office with results.”

+ “O, cannula per protocol”

Treatments

o Bronchodilator via metered dose inhaler (MDI) to treat asthma exacerbation in the emergency depart-
ment: “MDI albuterol (90 mcg/puff) with holding chamber x 4 to 8 puffs every 20 minutes x 3”

» Bronchodilator via MDI to treat hospitalized adult asthma patient: “MDI albuterol (90 mcg/puft) with
holding chamber x 4 to 8 puffs q1-4 hours PRN”

o Bronchodilator via MDI to treat hospitalized COPD patient:
o “MDI albuterol (90 mcg/puff) via holding chamber x 4 to 8 puffs with spacer qid”
« “MDI ipratropium bromide (Atrovent) (18 mcg/puff) via holding chamber x qid”

o Bronchodilator via small-volume nebulizer (SVN) for routine use in the hospitalized patient with bron-
chospasm: “SVN with 2.5 mg albuterol in 3 mL of NS qid and PRN at night”

o Intermittent positive pressure breathing (IPPB) for lung expansion therapy: “IPPB with 2.5 mg albuterol in
3 mL of NS qid to achieve an inspiratory V., > 1200 mL”

o Incentive spirometry for postoperative lung expansion therapy: “IS every hour while awake x 10 to
15 breaths. Goal is inspiratory volume > 1200 mL.”

o Chest physiotherapy with postural drainage and chest percussion to concentrate over the left lower lobe
(LLL): “Postural drainage and chest percussion qid to follow aerosol therapy; concentrate over LLL”

Respiratory Care Procedures

o Tracheostomy care: “Trach care every morning”
+ Oximetry: “Oximetry in A.M. Call if Spo, < 90%”
« Respiratory therapist consults (basic care):

o “RT consult for bronchial hygiene therapy.”

o “Respiratory care to evaluate for therapy”

o Mechanical ventilatory support:

« “Initiate mechanical ventilation in assist/control mode at V., =8mL/ kg IBW; Rate = 10 to 12 bpm;
F10, = .50; PEEP = 5 cm H,0. Adjust Fro, and PEEP to maintain Pao, 60 to 100; Spo, 92% to 98% per
protocol”

o “Evaluate patient for weaning in AM?”

o “Wean per protocol”

Orders for Laboratory and Imaging Tests ordered and any orders from consulting physicians.
and Procedures Laboratory studies that may have been ordered include
hematology, blood chemistry, microbiology, urinalysis,
cytology, histology, and molecular techniques. Orders
for imaging studies may include chest x-rays, other
radiography studies, computed tomography (CT scans),
magnetic resonance imaging (MRI), positron emission

A review of the physician’s orders section of the medi-
cal record for ordered laboratory tests or imaging stud-
ies can provide the respiratory care clinician with an
idea of what diagnoses have been considered by the
admitting physician, as well as any follow-up tests
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testing (PET scans), diagnostic ultrasound studies
(abdominal, vascular, echocardiography), and other
imaging studies. Cardiac tests may include orders for
electrocardiograms (ECGs), cardiac stress testing, or
angiography. Skin tests for tuberculosis (TB) or fungal
lung disease may also be ordered. By reviewing the
physician’s orders section of the medical record, the cli-
nician can also anticipate what laboratory and imaging
reports to expect to be available in other sections of the
medical record.

Do Not Resuscitate (DNR) Orders

Generally, in the acute care setting, if a patient suffers

a cardiac or respiratory arrest, the healthcare profes-
sional on the scene will “call a code” alerting the hospi-
tal code team to come to the site of the arrest as soon as
possible and begin cardiopulmonary resuscitation and
advanced life support. A “do not resuscitate” (DNR)
order, sometimes known as a “no code,” is a form of
advanced directive in which the patient (or family) indi-
cates in advance that he or she does not wish to receive
cardiopulmonary resuscitation (CPR) and advanced life
support in the event of a cardiac or respiratory arrest.
The respiratory care clinician should review the medi-
cal record and physician’s orders in order to note any
advanced directives in place.

Results of the History and Physical
Examination(s)

Reviewing reports of the admitting history and physical
(H&P) examination(s) found in the patient chart can be
invaluable in preparing for a respiratory care assess-
ment, developing a respiratory care plan, and evaluat-
ing ordered respiratory care. An outline of the format
of a typical medical history and physical examination
report follows (see also Chapters 4 and 5). The typical
medical history and physical report generally includes:

® Date of admission. The date the patient was
admitted to the hospital or other inpatient care
facility will be noted.

m History of the present illness. For the cardiopul-
monary patient, this may include a description
of cough and sputum production, shortness of
breath (to include dyspnea on exertion), chest
pain, fever, night sweats, significant weight
changes, and associated symptoms.

m Past medical history. This may include such things
as previous hospitalizations for cardiac or pul-
monary problems, prior heart or lung surgery, or
thoracic trauma, along with the relevant dates.
Chronic heart disease (such as CHF or prior MI)
or lung problems (such as COPD or asthma) and
other chronic disease (cancer, diabetes, hyperten-
sion, and obesity) should be noted. Home use
of oxygen or ventilatory assist devices (such as
BiPAP or CPAP) should also be noted. Any testing

performed, such as allergy testing, chest or car-

diac imaging studies, and pulmonary function or

sleep studies may be reported. Skin testing for TB

or fungal disease should also be noted, along with

any immunizations for influenza or pneumococcal

pneumonia.

Medications. A description of pulmonary medica-

tions, cardiac medications, or drugs to control

blood pressure taken by the patient on a regular

basis should be recorded.

Allergies. Any allergies to foods, insect stings, or

medications should be noted.

Personal and social history. This should include

employment, home environment, exposure to

infectious disease, and hobbies. The personal

history should also note the patient’s nutritional

status, fitness and exercise tolerance, tobacco use,

and use of alcohol or recreational drugs.

Family history. The family history should note

pulmonary or cardiac disease among family

members.

Review of symptoms. The review of symptoms

should provide a summary of the symptoms noted

during the patient history and may be organized

by body system. A review of symptoms organized

by body system and with examples related to the

cardiopulmonary patient follows:

m General symptoms (e.g., fever, chills, and
fatigue)

m Symptoms related to the skin (e.g., sweating,
rash, cyanosis, cold or clammy skin)

m Musculoskeletal symptoms (e.g., muscle aches
and pain)

m Head-related symptoms (e.g., headache or
dizziness)

m Eyes (e.g., blurred vision or other vision
disturbances)

m Ears (e.g., pain, hearing loss, or discharge)

m Nose (e.g., nasal discharge, postnasal drip,
sinus pain, sneezing, or nasal obstruction)

m Throat (e.g., pain, hoarseness, or other
symptoms)

®m Endocrine system (e.g., enlarged thyroid, diabe-
tes, or pregnancy)

m Respiratory system (e.g., cough, sputum pro-
duction, and dyspnea)

m Cardiac-related symptoms (e.g., chest pain or
palpitations)

® Blood-related symptoms (e.g., bruising or
bleeding)

® Lymph nodes (e.g., tender, enlarged)

m Gastrointestinal tract (e.g., appetite, diet, diges-
tion, heartburn, nausea, vomiting, diarrhea)

® Genitourinary system (e.g., urine output)

m Neurologic symptoms (e.g., fainting, seizures,
convulsions, coma, paralysis, or tremors)

m Mental status (e.g., anxiety, depression, or
confusion)
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m Previous patient education. This may include
asthma education received; smoking cessation
instruction; information related to the chronic
care and management of COPD, CHE, or diabetes;
and weight loss or nutritional education.

m Physical examination. The typical report of the
physical examination found in the patient medical
record or chart will include:

General appearance

Vital signs

Skin

HEENT (head, eyes, ears, nose, and throat)

Neck

Back and spine

Heart and blood vessels

Chest (inspection, palpation, percussion,

auscultation)

Abdomen/gastrointestinal (abdominal disten-

sion, ileus [bowel obstruction], GI bleeding,

feeding-tube placement)

Extremities

Musculoskeletal

Neurologic

Mental status

Other (skin, hair, nails; lymphatic system;

breasts and axillae; genitalia; pelvis; anus, rec-

tum, and prostate)

m Assessment or impression. The medical history
and physical report will generally conclude with a
section entitled “Assessment” or “Impression” in
which the physician or other clinician describes
what he or she has established as the principle,
initial, or working diagnosis or problem list.

m Plan. The last section of the history and physical
report describes what is to be done to complete
the differential diagnosis and to manage the
patient’s problems. This may include further diag-
nostic tests to confirm or refute the leading diag-
nosis as well as the therapy to be provided and any
monitoring or patient follow-up that is planned.

RC Insights

The pulmonary history should focus on how the patient feels
(to include the level of activity at which the patient becomes
dyspneic), cough and sputum production, wheezing, crackles,
chest tightness or history of pulmonary problems, smoking his-
tory, and, finally, environmental and/or occupational exposure
to causative agents such as allergens, chemicals, fumes, and
mold.

|

Vital Signs

The respiratory care clinician should review the patient
monitoring flow sheets and related data found in the
medical record for vital signs (pulse, blood pressure,
respirations, temperature) and oximetry (Spo,). Data

Review of the Medical Record

may also be available on monitoring flow sheets regard-
ing intake and output (I&O) to monitor fluid balance
and results of arterial blood gas studies, ECG studies,
and ECG monitoring (see also the sections following).

Progress Notes and Reports of Procedures

Hospitalized patients are often seen by consultants
with special expertise in areas such as cardiology,
pulmonology, oncology, neurology, or psychiatry, and
review of reports of these consultations can be very
helpful when developing a respiratory care plan. In
addition, the chart should contain nursing, respiratory
care, and physician progress notes and reports of spe-
cial procedures or operations. In summary, the respira-
tory care clinician should review the following reports
in the medical record:

m Pulmonary, cardiology, or other consultation
reports

m Progress notes (nurses, physicians, physician
assistants, respiratory therapists)

m Reports of operations or special procedures, such
as bronchoscopies, thoracentesis, or lung biopsy

Laboratory Reports

An essential part of the medical record or chart
contains the reports of laboratory studies (see also
Chapter 9). Laboratory testing results found in the
chart may include the results of tests for:

m Complete blood count (CBC)

m Blood chemistry (electrolytes, magnesium, cal-
cium, phosphate, lactate levels)

m Coagulation studies (indices, platelet count, risk
for deep vein thrombosis)

m Cardiac enzymes

m Troponin associated with heart muscle damage
and MI

B Brain natriuretic peptide (BNP; a normal BNP
level helps to rule out heart failure)

B Microbiology (sputum Gram stain, culture, and
sensitivities)

® Kidney function (blood urea nitrogen [BUN],
creatinine)

Imaging Studies

Another essential part of the medical record contains
the reports of the various imaging studies that may
have been performed (see also Chapter 11). Imaging
studies that may be of special interest to the respiratory
care clinician include reports of medical radiography
such as the chest radiograph and upper airway radio-
graph. Other imaging studies of special interest include
reports of CT scans, MRIs, diagnostic ultrasound stud-
ies, PET scans, and V/Q scans. Results of angiography
(coronary, pulmonary, bronchial, gastrointestinal) can
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72 CHAPTER 3 Review of the Medical Record

also be very helpful in identifying such conditions as
coronary artery disease or pulmonary embolus.

Respiratory Care—Related Diagnostic Studies

The respiratory care clinician should review reports
of respiratory care—related diagnostic studies found

in the medical record relevant to the diagnosis, treat-
ment, and follow-up care of patients with heart and
lung problems. Data that are often found in the patient
record that are important in the evaluation and care of
the cardiopulmonary patient include:

Oximetry results (Spo,)

Arterial blood gas studies (see also Chapter 8)
ECG studies (see also Chapter 10)

Pulmonary function test results (see also
Chapter 12)

m Sleep study results (see also Chapter 15)

Critical Care Monitoring

Results of tests and studies found in the patient chart
and directly related to cardiac, respiratory, and hemo-
dynamic function (see also Chapter 14) includes critical
care monitoring flow sheets and reports related to:

m Cardiac and hemodynamic monitoring
m ECG monitoring (heart rate, rhythm, presence
of arrhythmias)
Blood pressure monitoring
Fluid balance (intake and output, I&O)
Central venous pressure monitoring (CVP)
Pulmonary artery pressure monitoring (PAP
and pulmonary capillary wedge pressure
[PCWP])
m Left heart preload (often assessed by estimates
of left atrial end-diastolic pressure)
m Left heart afterload (often assessed by arterial
blood pressure)
m Cardiac output/index

BOX 3-5

m Respiratory monitoring

m Pulse oximetry (Spo,)

m Respiratory rate, tidal volume, minute volume,
LE ratio, rapid shallow breathing index (RSBI).

m Peak expiratory flow rate (PEFR)

® Pulmonary mechanics (maximum inspiratory
pressure [MIP], bedside vital capacity [VC)])

m Compliance, airway resistance, and work of
breathing (WOB)

m Capnography, deadspace (V,/V,), CO
clearance

m Transcutaneous O,/CO,

m O, delivery, C_ o, difference, shunt fraction

(a-v) 2
m Intracranial pressure monitoring (ICP)

2

Patient Education

Education provided to the patient should be recorded in
the medical record. For example, patients with moder-
ate to severe asthma should be provided asthma educa-
tion and an asthma action plan. Asthma education may
include an overview of the disease, instruction regard-
ing recognition of symptoms and how to handle an
asthma episode, and information about asthma triggers
and medication use. COPD patients may receive educa-
tion related to the chronic care of their disease, and this
may be included as a part of a formal pulmonary reha-
bilitation program. Other types of patient education
include instruction on the use and care of respiratory
care equipment, nutrition instruction, smoking cessa-
tion programs, diabetes education, and education as a
part of a cardiac rehabilitation program.

Respiratory Care Plan Development

Box 3-5 provides a summary of the items the respira-
tory care clinician should review in the medical record
for patient assessment and respiratory care plan devel-
opment. Figure 3-3 provides an example of a form that
can be used to review the patient’s medical record in
preparation for developing a respiratory care plan.

Items in Medical Record for Review in Respiratory Care Plan Development

Prior to developing and implementing a respiratory care plan, the respiratory care clinician should review each
of the following items (if available) in the patient’s medical record or chart:

Patient data/demographics (name, age, gender, race/ethnicity)

Admission date and time and admitting diagnosis and/or problem list

Current physician’s orders
o General care
o Antibiotic and antimicrobial drugs

o Cardiac drugs (inotropes, antiarrhythmic agents, antianginal medications)

o Antihypertensive agents
o Antithrombotics
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(continued)

o Medications to treat hypotension (e.g., vasopressors)

o IV therapy

o Diuretics

o Systemic steroids

o Analgesics, sedatives, tranquilizers, hypnotics, neuromuscular blocking agents

« Nutrition, diet, and any restrictions (e.g., nothing by mouth, salt, other)

Respiratory care orders

o Oxygen therapy

o Bronchodilators

o Anti-inflammatory agents (e.g., steroids, antiasthmatic agents)

o Other aerosol therapy (humidity therapy, sputum induction, antibiotics, other)

o Lung expansion therapy (e.g., incentive spirometry, IPPB, other)

o Cough and deep breathing

o Bronchial hygiene therapy (e.g., chest physiotherapy, PEP therapy, high-frequency chest wall oscillation,
other)

« Suctioning and airway care

« Ventilatory support (mechanical ventilation, BiPAP, etc.)

Orders for diagnostic testing (laboratory, imaging, pulmonary, cardiac, other)

Orders for procedures or operations

Results of history and physical examination(s)

Reports of consultations

Pulmonary consults

Cardiology consults

Other consult reports (neurologic, renal, cancer, psychiatric, etc.)

Cardiopulmonary laboratory studies

o Arterial blood gas studies and oximetry o Cardiac stress testing
o Pulmonary function testing « ECG
o Pulmonary stress testing o Sleep laboratory
Laboratory study results
o Sputum cultures, cytology o Microbiology
o Blood chemistry (electrolytes, BUN, creatinine, o Urinalysis
serum enzymes, glucose) » Histology and cytology
o Hematology (CBC, other) o Skin testing

Imaging reports

o Chest x-rays

e CT scan

L] MRI

o Other advanced imaging studies (echocardiography, PET scanning, nuclear medicine procedures, vascular
ultrasound, other)

Progress notes/SOAP notes

Reports of procedures and operations

o Surgeries (heart, lung, abdominal, head, other)

o Bronchoscopy

o Cardiac catheterization laboratory

Flow sheets

« Vital signs

« Cardiac and hemodynamic monitoring

 Ventilator/ventilatory support monitoring flow sheets

Respiratory care notes

Patient education (previous)

IPPB, intermittent positive pressure breathing; PEP, positive expiratory pressure; BiPAP, bi-level positive airway pressure; CBC,
complete blood count; CT, computed tomography; MRI, magnetic resonance imaging.
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Indicate information based on your review of the patient’s chart. If a specific item or information is not available, mark that section N/A.

PATIENT DATA
Patient Name:
Physician:
Hospital I.D. Number:
Date:
Floor/Unit:
Room/Bed Number:
Gender: (IMmale [_IFemale
Age (please write in): Height: Weight: IBW:

ADMISSION INFORMATION
Admission Diagnosis:

Past Medical/Surgical History:

Problem List:
CURRENT PHYSICIAN ORDERS

Medications (antibiotics, respiratory, pain, cardiac, diuretic, hypertension/hypotension, etc.):
Respiratory care orders:

Diagnostic tests ordered:

Procedure orders:

DNR/DNI status:
RESULTS OF HISTORY AND PHYSICAL EXAMINATION(S)

General History and Physical (Impression/Assessment):
Pulmonary (Impression/Assessment):
Other (Impression/Assessment):
DIAGNOSTIC/LABORATORY DATA

Most Recent ABG:
Date/Time:
Fio,:

O, device:
Liter flow:
Pao,:

pH:

Paco,:
HCOs3:
BYES
Settings for ABG if mechanically ventilated:
Mode:

Fio,:

Machine rate:
Total rate:
Machine VT:
PEEP/CPAP:
Pressure support:
Pressure control:

ECG [ Yes [INo If yes, indicate date and results:
Sputum sample [ Yes [INo If yes, indicate date(s) and findings:
Serum electrolytes/enzymes [ Yes [INo  If yes, indicate date(s) and findings:
Fluid balance status [ Yes [INo If yes, summarize:

Chest x-ray reports [] Yes [INo If yes, indicate date(s) and results:

FIGURE 3-3 Respiratory care assessment medical record review data collection form.
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<
(]

e Date(s):
Atelectasis on CXR
Pneumonia on CXR
Pulmonary edema on CXR
Lung over inflation on CXR

Infiltrate(s)

poood
oodoo g

If yes, to any of the above, indicate description and location(s) (RUL/RML/RLL/LUL/LLL, etc.):

Other imaging findings (please write in):

Sleep Study/Pulmonary Stress Testing/Pulmonary Function Testing (please note):

Yes No
Sleep study testing completed? | [] Ifyes, indicate date(s) and results:
Pulmonary stress testing completed? | [] Ifyes, indicate date(s) and results:
Pulmonary function testing completed? ] [[] If yes, indicate date(s) and results:
PFT Before Bronchodilator Post Bronchodilator
Results Actual Predicted % Predicted Actual Predicted % Predicted
FvC
FEV4
FEV4/FVC
FEF25-75%
TLC
RV
FRC
DLCO
DLCO/VA
CURRENT RESPIRATORY SERVICES
OXYGEN THERAPY: [] Yes [INo

If yes, check device and indicate device, Fio,, and flow

] Low-flow device % Fio,and LM
[_] High-flow device % Fio,and /M

[] Large-volume aerosol nebulizer % Fio,and L/M

[] other % Fio, LM

Device Name:

AEROSOL /MDI MEDICATION (bronchodilators, steroids and/or mucolytics): [_]Yes [INo

Frequency (QID, BID, etc):
Medication (Albuterol, etc.):
Dose (0.3 mL in 3 mL NS, 2 puffs, etc.):

Yes No
Documented wheezing? | |
Documented improvement in wheezing following therapy? D |:|
Documented patient cough following treatments? ] ]
Documented productive cough? ] ]

FIGURE 3-3 (continued)
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If yes, specify sputum appearance and amount:

BRONCHIAL HYGIENE THERAPY:

COUGH ASSIST

POSTURAL DRAINAGE

VEST THERAPY

CPT (postural drainage and/or chest percussion)

LUNG EXPANSION THERAPY:

INCENTIVE SPIROMETRY:
If yes, please indicate volumes achieved and use:
Is patient able to reach prescribed volume?

If no, indicate volume achieved (Example: 1200 mL):
Is patient using device?

If yes, per/hour and breaths per use

If yes, enter values IC: (mL) VC:

IPPB or IPV:

Frequency (TID, Q 4 hrs., etc.):
Prescribed mode

Prescribed pressure (20 cm H50, etc.):
Prescribed volume (1200 mL, etc.):
Measurements for V1, VC or IC?

If yes, please note: VT: (mL) VC: mL IC:

Has anyone measured and recorded the patients spontaneous IC, or VC?

(mL)

mL

Cough documented post treatments?
Productive cough?
If yes, specify sputum volume and appearance:

[] Yes [ No
[ Yes [ No
[ Yes [ No
[] Yes ] No
[] Yes ] No
[] Yes [ No
[] Yes [ No
[[] Yes [ No
(] Yes I No
[ Yes [ No
[] Yes [ No
[] Yes [ No
[] Yes [ No

FIGURE 3-3 (continued)

Charting

Respiratory care clinicians routinely review a patient’s
medical record prior to performing patient assess-
ment and providing care. Based on the review of the
medical record, the respiratory care clinician should
determine the patient’s current disease state or condi-
tion, what respiratory care has been ordered, and what
current therapy the patient is receiving. The clinician
should then make a preliminary judgment, based on
the information that is in the medical record or chart.
Specifically, the clinician should ask:

1. Isthe ordered therapy indicated and appropriate?
2. Could another form of therapy be more effective?
3. How should the therapy be assessed?

As reviewed in Chapter 1, misallocation of care
increases costs and may result in less than optimal
health outcomes. Respiratory care clinicians need to
exhibit critical diagnostic thinking and evidence-based
decision making to optimize patient outcomes. To
accomplish this goal, clinicians must demonstrate good
clinical documentation and charting skills. Failure to
chart information related to the care of the patient may
result in duplicate procedures, interventions, and/or

therapy. In addition, clinicians are obligated to notify
the responsible licensed caregiver of any critical results
of tests and diagnostic procedures. Values that fall
outside of normal range may indicate a life-threatening
situation. Accurate and timely documentation of a
patient’s response to care contribute to improved
planning, intervening, evaluating, and revising of the
patient’s care.

Box 3-6 provides rules for charting that should be
followed by the respiratory care clinician. Every effort
should be made to chart accurately noting the time,
effect, and results of all treatments and procedures.
Note any patient complaints or adverse reactions. Use
correct spelling, grammar, and approved abbreviations.
The respiratory care clinician should avoid terms that
may be vague or difficult to interpret. For example,
when charting volume of sputum production, terms
such as “small amount,” “moderate amount,” and “large
amount” should be avoided because different clini-
cians may have different concepts of the actual volumes
associated with each term. Instead, the clinician should
approximate the volume of sputum produced in cubic
centimeters (ccs) or other units of measure, such a tea-
spoonfuls. In a similar fashion, terms such as “tolerated
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BOX 3-6
Rules for Charting

General Rules for Charting
1. Chartaccurately.

Charting

2. Document patient complaints and unusual behavior. Describe type, location, onset, and duration of pain

or adverse reactions.

By

Use present tense, never future, to describe care.
Avoid criticism.
Avoid documenting for others.

o WA W

3

Rules for Paper Charting
1. Write legibly.

Use correct spelling, grammar, and approved abbreviations.

Be exact in noting the time, effect, and results of all treatments and procedures.

2e
3. Only use approved abbreviations.
4.

Do not erase unwanted entries. A single line should be drawn through a mistake and the word “error”

printed above it and initialed.

5. Do not leave blank lines. Draw a line through empty fields.

6. Verify that client-identifying information is on each page of the written chart.

7. Paper entries should be handwritten and signed using an initial, your last name, and your title (e.g., S.
Valdez, Resp Care Student; J. Johnson, RRT). Institutional policies may require student entries to be coun-

tersigned by supervisory personnel.

Rules for Electronic Charting

Document in real time.
Document only services performed.
Avoid “charting by exception”

BN

55

administration.

Perform closed-loop medication administration. Scan patient band and medication prior to

5. Do not delete unwanted entries without documentation. A comment stating “charted in error”

should be made to justify the deletion.

well,” “tolerated fairly,” or “tolerated poorly” should be
avoided and a more specific description provided. For
example, when charting the patient response to a respi-
ratory therapy treatment, the terms “patient alert and
cooperative” and “no adverse reaction noted” would

be more descriptive than the term “tolerated well.”

The term “the patient was uncooperative and seemed
confused” would provide a better description of events
than the term “tolerated poorly.”

When charting in the patient medical record,
medical abbreviations should be used sparingly. Some
institutions have a published list of approved abbrevia-
tions. However, common abbreviations can often be
confused. For example, B.S. has been used by various
care providers to indicate “breath sounds,” “bowel
sounds,” and “bedside.” Commonly used medical
abbreviations related to respiratory care are listed in
Table 3-1, and Box 3-7 lists commonly used symbols.

Table 3-2 provides a list of medical abbreviations devel-
oped by TJC that should not be used when charting

in the patient record. This “do not use” list of abbre-
viations was published in 2010 as a part of National
Patient Safety Goal (NPSG) 02.02.01."° When in doubt
as to whether specific abbreviations are approved, it is
best to avoid their use. Box 3-8 provides a list of items
that should be charted following administration of a
basic respiratory care treatment or procedure. Clinical
Focus 3-2 provides an example of charting for a patient
receiving mechanical ventilation using an EMR.

RC Insights

To avoid miscommunication, use medical abbreviations
sparingly.
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TABLE 3-1

Commonly Used Medical Abbreviations in Respiratory Care

BID, bid administered twice a day DC, dc discontinue

TID, tid administered three times a day DOB date of birth

QID, qid administered four times a day Dx diagnosis

q4h administered every 4 hours ECG, EKG electrocardiogram

géh administered every 6 hours EEG electroencephalogram
q8h administered every 8 hours e.g. for example

ql2h administered every 12 hours ENT ear, nose and throat
ABG arterial blood gas ETOH ethyl alcohol

A/C assist-control mode Fx fracture

AMI acute myocardial infarction GERD gastroesophageal reflux disease
ARDS acute respiratory distress syndrome Hgb hemoglobin

ALI acute lung injury Het hematocrit

ASAP as soon as possible H,0 water

BUN blood urea nitrogen HS hour of sleep or bedtime
c/0 complaints of Ht height

CABG coronary artery bypass graft Hx history

CAD earenans arfeidisgase |IPPB intermittent positive pressure
CBC complete blood count breathing

CF cystic fibrosis 1&0 intake and output

CHD coronary heart disease IC inspiratory capacity

CHF congestive heart failure ICU intensive care unit

CNS central nervous system IS incentive spirometry
COPD chronic obstructive pulmonary disease M intramuscular

co, carbon dioxide v intravenous

CPAP continuous positive airway pressure LUL left upper lobe

CPR cardiopulmonary resuscitation LLL left lower lobe

CVA cerebral vascular accident MDI metered dose inhaler
CVP central venous pressure M myocardial infarction
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TABLE 3-1

Commonly Used Medical Abbreviations in Respiratory Care (continued)

Charting

Abbreviation ‘ Meaning Abbreviation ‘ Meaning

MRI magnetic resonance imaging RML right middle lobe
MRSA methicillin-resistant Staphylococcus RLL right
aureus
RRT registered respiratory therapist
NG, NGT nasogastric tube
SOB short of breath
NSAID nonsteroidal anti-inflammatory drug
S/P status post
NS normal saline solution (0.9% salt)
Staph Staphylococcus
MIP maximum inspiratory pressure
) ) Stat immediately
1/2 NS half normal saline solution (0.45% salt)
STD sexually transmitted disease
0, oxygen
. . Subg subcutaneous
PA physician assistant
. SVN small-volume nebulizer
PCWP pulmonary capillary wedge pressure
. symptom
PEFR peak expiratory flow rate S ymp
PEEP positive end-expiratory pressure B B
PIP RSB prtlal TIA transient ischemic attack
PFT pulmonary function test /0 telephone order
Prn as needed TPR temperature, pulse and respirations
PO by mouth Tsp teaspoon measurement
PSV pressure support ventilation Tx treatment
Pt patient URI upper respiratory infection
PVC premature ventricular contraction WBC white blood cell
pH hydrogen ion concentration Ve vital capacity
RBC red blood cell Vo verbal order
RN registered nurse V; tidal volume
R/0 rule out w/0 without
Rx treatment wt weight
RN registered nurse y/0 years old
RUL right upper lobe yr year
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BOX 3-7

Commonly Used Symbols for Charting

Symbol ‘ Meaning
T increase, up
N decrease, down
Q female
4 male
= equal
> greater than
< less than
< less than or equal to
> greater than or equal to
# number
~ approximately
% percent
@ at
TABLE 3-2
The Joint Commission Official “Do Not Use” Abbreviation List*
Do Not Use ‘ Potential Problem ‘ Use Instead
U, u (unit) Mistaken for “0” (zero), the number “4” (four), or Write “unit”

”

“CC

IU (International Unit)

Mistaken for IV (intravenous) or the number 10
(ten)

Write “International Unit”

Q.D., QD, g.d., qd (daily)
Q.0.D., QOD, g.0.d, god (every other day)

Mistaken for each other
Period after the Q mistaken for “I" and the “0”
mistaken for “I”

Write “daily”
Write “every other day”

Trailing zero (X.0 mg)**
Lack of leading zero (.X mg)

Decimal point is missed

Write X mg
Write 0.X mg

MS
MSO, and MgSO,

Can mean morphine sulfate or magnesium sulfate
Confused for one another

Write “morphine sulfate”
Write “magnesium sulfate”

*Applies to all orders and all medication-related documentation that is handwritten (including free-text computer entry) or on preprinted forms.

**Exception: A “trailing zero” may be used only where required to demonstrate the level of precision of the value being reported, such as for laboratory results,

imaging studies that report size of lesions, or catheter/tube sizes. It may not be used in medication orders or other medication-related documentation.
© The Joint Commission, 2014. Reprinted with permission.
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BOX 3-8

Items to Chart Following Administration of Respiratory Care Treatments and Procedures

Following administration of respiratory therapy, the clinician should record the following information:

Date: Date therapy given.

Time: When the therapy was started.

What was given: Device or procedure. For example:

o “Aerosol therapy given via small-volume nebulizer”

o “MDI 2 puffs given via holding chamber”

o “Postural drainage and chest percussion given”

Medication: The medication, if any, should be listed. For example:

e “0.5 mL of albuterol (0.5%) in 3 mL of normal saline”

o “2.5 mg of albuterol in 3 mL of normal saline”

o “2 puffs of salmetorol via MDI given”

Method or appliance: The method or appliance used for therapy should be listed. This may include use of a
mouthpiece, mouth seal, face mask, trach mask, nose clips, or holding chamber or spacer.

Gas source and flow or pressure: The delivered gas (O, or compressed air), flow (L/min), and/or pressure
used (cm H,0) should be recorded.

Length of therapy: The duration of the treatment should be listed. For example: “x10 minutes”

Pulse and respiratory rate: For most intermittent procedures (such as bronchodilator therapy administra-
tion), pulse and respiratory rate should be recorded before, during, and after the procedure.

Breath sounds: For most respiratory therapy treatments, breath sounds before and after therapy should be
recorded. Breaths sounds should also be assessed during therapy to make sure wheezing or aeration is not
getting worse.

Cough and sputum production: Patients should be instructed to cough following most therapy, and the
nature of the cough and sputum production should be recorded.

Patient comments: Following most therapy, the respiratory care clinician should ask the patient if he or she
thinks the treatments are helping and if he or she can “breathe better” following treatment.

Patient cooperation: The respiratory care should note if the patient is cooperative and seems to understand
the purpose of the therapy.

Adverse reactions/side effects: Examples include increased shortness of breath, increased wheezing, tachy-
cardia, tachypnea, chest pain, or discomfort.

Physical appearance: Note if the patient appears in distress (or not).

IC/VC/V_: For lung expansion therapy, record the inspired volume achieved.

Name, signature, and credentials: First initial and last name, followed by credential (e.g., RN, RRT,

PA, or MD).

CLINICAL FOCUS 3-2

Routine Charting Using the Electronic Medical Record
The respiratory care clinician should approach the bedside with a clearly formulated plan for documentation.
In addition, clinicians must remember that billing for services is required. Reimbursements are made only when
charges match documented procedures.

Let’s use the example of ventilator initiation. Following a review of the medical record, what are the major com-
ponents to performing ventilator initiation and assessment?

(continues)
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(continued)

The steps are as follows:
Step 1 Confirm emergency equipment at the bedside (mask, bag-valve mask, spare oral endotracheal tube
or tracheostomy).
Step 2 Perform respiratory patient assessment (see Chapters 3, 4, and 5).
Step 3 Document artificial airway (size, cuff pressure, how/where it is secured).
Step 4 Complete ventilator documentation (see Chapter 14).
Step 5 Create care plan.
Step 6 Charge.
Examples of documentation for each of these steps in the EMR is as follows.

Step 1: Confirm Emergency Equipment

The clinician should approach the bedside and verify that there is suction equipment and supplies and a resuscita-
tion bag with oxygen supply, appropriately fitting mask, and adaptors for connection of the artificial airway
(endotracheal tube or tracheostomy tube). If the patient has an artificial airway, additional sizes of oral endotra-
cheal tubes or tracheostomy tubes should be kept at or near the bedside, along with intubation equipment (e.g.,
laryngoscope, stylets, and colorimetric capnometers). The clinician should then chart in the medical record, as per
the pediatric patient example shown here:
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© 2014 Epic Systems Corporation. Used with permission.

Step 2: Perform Respiratory Patient Assessment

Flow sheets record measurements made over time. The following screenshot shows the “Adult Assessment” flow
sheet. Additional options can be made based on patient population (e.g., pediatric, infant, neonate assessment).
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(continued)

Charting

The clinician can enter a patient’s respiratory status and breath sounds as noted in the adult ICU patient shown

here:
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Step 3: Document Artificial Airway (Inpatient Department)

An artificial airway can be entered by inputting data such as airway properties (i.e., type, intubation date and time,

© 2014 Epic Systems Corporation. Used with permission.

intubation performed by), how and where tube is secured, depth of insertion and location, and cuff pressure, as

shown in the following screenshot:
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(continued)

Step 4: Complete Ventilator Documentation

When initiating ventilator support, the first day on a ventilator will always count as Day 1. This is true whether
mechanical ventilation is initiated at 00:02 or 23:59. It is important to select the proper mode of ventilation prior to
beginning documentation, because the fields that populate the documentation sheet are preprogrammed based on
the initial mode selected, as shown in the following screenshot:
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Step 5: Create Care Plan

Care plans are a general way for clinicians to update revised care based on interventions and evaluations. In the
intensive care environment, patients may need mechanical ventilatory support or other forms of respiratory
therapy, such as oxygen therapy; bronchodilator therapy via small-volume nebulizer or metered dose inhaler; or
bronchial hygiene therapy. A progress note may be written to detail a specific intervention, such as: “Patient was
transported off unit for CT using transport ventilator with no change in ventilator settings. Upon being placed in
supine position for scan, patient became asynchronous with the ventilator and required manual bagging and suc-
tioning. Flow on transport ventilator increased from baseline to meet patient inspiratory demand. Scan performed
without incident, and patient transported back to ICU and successfully placed on previous ventilator settings.” The
EMR care plan documentation provides an example:
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Step 6: Charge

As stated previously, failing to chart gives the impression that care was never given (negligence). Charging with-
out documentation will result in refusal of payment for undocumented services. Charges are often done based on
initial or subsequent days. For instance, a clinician may charge a ventilator “first day” on the day the ventilator was
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(continued)

Key Points

initiated; each additional day of support would be billed as “subsequent” The following screenshot shows the new

charges.
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Summa ry > Information in the medical record must be timely,

Review of the patient’s medical record is an essential
step taken prior to delivering ordered respiratory care,
and it is indispensable in the development of an appro-
priate respiratory care plan. The medical record may be
electronic or paper-based; however, it must conform to
standards set by governmental, regulatory, and accredi-
tation agencies. Review of the medical record should
include review of the patient’s admission sheet, diag-
nosis, physician’s orders, results of history and physical
examinations, laboratory and imaging test results, and
cardiac diagnostic tests. The respiratory care clinician
should also review monitoring and related flow sheets
for vital signs and respiratory, cardiac, and hemody-
namic monitoring reports. Progress notes, reports of
consultations, reports of operations, and discharge
plans should also be reviewed. Charting must be timely,
accurate, and legible. Avoid terms that may be vague

or difficult to interpret and use medical abbreviations
sparingly. Recording the respiratory care plan in the
medical record in a clear, understandable fashion, along
with the patient’s response to therapy and any needed
care plan modifications, is an essential skill for the
respiratory care clinician.

Key Points

» Medical records are used to record, track, moni-
tor, and evaluate patient care and to identify
trends in population health.

accurate, and legible.

» The functions of the medical record include
serving as a database for clinicians, providing a
legal record of care provided, documenting diag-
nosis and care for reimbursement, and estab-
lishing a central location for interprofessional
communication.

> Types of medical records include paper-based
records, electronic medical records (EMRs), elec-
tronic health records (EHRs).

» The problem-oriented medical record (POMR)
focuses on problem-solving while providing com-
plex care by encouraging ongoing assessments
and care adjustments by the healthcare team.

» The four sections of the POMR SOAP note are
subjective, objective, assessment, and plan. The
SOAPIER note adds intervention, evaluation, and
revision.

» Common hospital admitting diagnoses include
childbirth, heart disease, mental health issues,
cancer, pneumonia, stroke, and surgery.

» Important chronic diseases that sometimes
require acute care include congestive heart fail-
ure (CHF), COPD exacerbation, acute asthma,
and diabetes.

> Important respiratory and critical care diagno-
ses to note include respiratory failure, acute lung
injury (ALI), acute respiratory distress syndrome
(ARDS), pneumonia, postoperative respiratory
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failure, pulmonary edema, pulmonary embolism,
cardiac disease, neuromuscular disease, muscu-
loskeletal disease, drug overdose, shock, renal
failure, and traumatic injury.

The respiratory care clinician should carefully
review the current physician’s orders for medica-
tions, respiratory care orders, and orders for diag-
nostic testing.

Medication orders in the patient chart that should
be noted include orders for antimicrobials, respi-
ratory care medications (aerosol and for instal-
lation), cardiac/cardiovascular agents, sedatives,
hypnotics, narcotics, and pain medications, sys-
temic steroids, neuromuscular blocking agents,
drugs that may cause methemoglobinemia, and
reversal agents.

Respiratory care orders in the patient chart that
should be noted include orders for oxygen ther-
apy, other forms of respiratory therapy, respira-
tory care diagnostic tests, and procedures and
mechanical ventilatory support.

A do not resuscitate (DNR) order (“no code”) is
an advance directive that indicates the patient
does not wish to receive cardiopulmonary resus-
citation (CPR).

The history and physical (H&P) report in the
patient chart should include date of admission,
history of the present illness, past medical history,
medication history, allergies, personal and social
history, family history, patient education, review
of symptoms, and physical examination findings.
The H&P review of symptoms should provide
a summary of the symptoms noted during the
patient history organized by body system.

The physical examination portion of the H&P
report should include findings related to general
appearance, vital signs, skin, HEENT, neck, back
and spine, heart and blood vessels, chest, abdo-
men/gastrointestinal, extremities, musculoskel-
etal, neurologic, and mental status.

The H&P report in the medical record will gener-
ally conclude with sections entitled “Assessment”
or “Impression” and “Plan”

Other sections of the patient’s medical record
that should be reviewed by the respiratory care
clinician include vital signs, progress notes, lab-
oratory studies, imaging studies, and results of
respiratory and critical care monitoring.
Following review of the patient chart regarding
orders for respiratory care, the clinician should
ask himself or herself if the ordered therapy is
indicated and appropriate, if another form of
therapy might be more effective, and how the
therapy should be assessed.

When charting a basic respiratory care treat-
ment or procedure, record the date and time the

therapy was given, what was given, any medica-
tions administered, method of administration,
appliance used, gas source and flow or pressure,
oxygen concentration, and duration of therapy.
Assessment data recorded following administra-
tion of a basic respiratory care treatment or pro-
cedure may include pulse, respiratory rate, breath
sounds, cough and sputum production, patient
comments, patient cooperation, adverse reac-
tions/side effects, and physical appearance.

For lung-expansion therapy, chart volume targets
and actual volumes achieved.
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Demographic Data and Patient Profile
Chief Complaint

History of the Present lliness

Cough and Sputum Production
Hemoptysis

Whistling, Wheezing, and Chest Tightness
Chest Pain

Dyspnea

Sleep Issues

Past Medical History
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Occupational and Environmental History
Current Medications

Current Respiratory Care
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Nutritional Status

Advanced Directives

The Patient’s Learning Needs
Health-Related Quality of Life

Review of Symptoms

CHAPTER OBJECTIVES

1. List the components of a successful patient interview and
explain each.

2. Discuss the collection and use of demographic data in
patient assessment.

3. Define the term chief complaint and give examples related
to respiratory care.

4. Describe the components of a history of the present iliness
(HPI) and explain the significance of each.

5. Evaluate the significance of cough and sputum production.

David C. Shelledy and Jay I. Peters
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6. Describe types and causes of hemoptysis.

7. Explain the significance of wheezing, whistling, and chest
tightness.

8. Describe types and causes of chest pain.

9. Classify levels of dyspnea.

10. Formulate a treatment approach to a patient with dyspnea.

11.  Apply interview questions in assessment of sleep issues
and disorders.

12. Assess a patient’s past medical history.

13. Explain the importance of each of the following in patient
assessment: social history, family history, occupational
history, and environmental history.

14. Explain the importance of assessing current medication
use.

15. Assess a patient’s current respiratory care based on the
patient interview.

16. Evaluate exercise tolerance.

17. Assess a patient’s nutritional status.

18. Explain the application of advanced directives and DNR
status.

19. Evaluate a patient’s learning needs.

20. Develop arespiratory care plan based on the review of
symptoms.

KEY TERMS

angina musculoskeletal chest pain

Borg scale myocardial infarction (MI)

chief complaint pleuritic chest pain

DNR status patient profile

dyspnea smoking history

family history sputum

health-related quality of life substernal chest pain

(HRQOL) wheezing
hemoptysis

history of the present

iliness (HPI)
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88 CHAPTER 4 Patient History

Overview Many additional factors may affect communication
between patients and clinicians. Use of jargon should
be avoided, and choice of words, explanations, and
questions should be such that communication is clear
and direct. Voice tone and nonverbal communica-

tion cues such as facial expression and body language
should project warmth, interest, and professionalism.
Language barriers should be addressed by use of a
trained medical interpreter. The clinician should also
be alert to communication difficulties that may occur
due to differences in culture, religion, attitudes, beliefs,
and values. Box 4-1 highlights professional behaviors
that should be included in any patient encounter. The
respiratory care clinician must display appropriate pro-
fessional behaviors and be able to communicate effec-
tively with patients who may be anxious, fearful, angry,

This chapter reviews the interview and medical history
as an integral part of patient assessment and care plan
development. Patient interview guidelines, collection
and review of pertinent demographic data, and assess-
ment of the patient’s chief complaint are discussed. We
will then describe how to take a complete history as it
relates to the cardiopulmonary patient. The history of
the present illness, past medical history, family history,
and development of a patient profile are included in a
complete medical history. Current medications, smok-
ing, alcohol abuse, and/or illicit drug use, and occupa-
tion and environmental factors should also be reviewed,
as well as any respiratory care ordered or received.

The initial medical history may be taken by the
clinician during an initial office or clinic visit or upon
admission to the acute care facility. Regardless of who
obtains the patient’s initial medical history, the respi-
ratory care clinician should always perform a chart
review and, when possible, a patient interview in order
to assess the patient’s respiratory care needs. The pur-
pose of the patient interview performed by the respira-
tory care clinician is to determine the appropriateness
of ordered care and the goals of therapy and to monitor,
evaluate, and modify or discontinue therapy based on
the patient’s response. A patient interview is essential
for respiratory care plan development, implementation,
and evaluation.

An overview of the interview and medical history
follows, with an emphasis on findings related to the
cardiopulmonary patient. Typical findings on history
with common respiratory problems are reviewed.

BOX 4-1

Professional Behaviors Associated with the
Patient Encounter

Introduce yourself by name and role (e.g., respi-
ratory therapist, physician, nurse, physician
assistant, other).

Explain why you are seeing the patient.

Address the patient by his or her formal name.

Be warm, friendly, and set the patient at ease:

« Face the patient directly.

« Use an open posture.

. i . . o Use appropriate eye contact.

Patient Interview Guidelines «  Express genuine concern.

o Maintain professional demeanor; do not be
informal or make jokes.

Observe the patient for responses, cooperation,

and understanding:

o Make eye contact.

o Watch the patient’s body language.

o Listen carefully to the patient’s questions
and responses.

Respect the patient’s social, personal, and inti-

mate space:

e Social space (4 to 12 feet distant from
patient) should be used for the initial
encounter between the clinician and the
patient for introductions.

o Person space (18 inches to 4 feet distant
from the patient) should be used for the
interview.

o Ask permission before entering the patient’s
intimate space (0 to 18 inches distant) for
the physical assessment (auscultation, vital
signs, etc.).

The patient interview is an essential part of the assess-
ment performed by the respiratory care clinician. The
purpose of the patient interview is to collect subjective
data from the patient and/or his or her family mem-
bers. During the interview, the clinician asks a series of
questions to get a clear idea of the patient’s condition,
problem(s), and symptoms.

The respiratory care clinician must have competence
in effective listening and excellent communication
skills in order to conduct a successful patient inter-
view. Factors that may affect the interview include
the patient’s emotional and mental state, cognitive
function, and any perceptual deficits, such as hear-
ing impairment.! Fear, stress, anxiety, and pain can all
impact the effectiveness of communication.' The envi-
ronment in which the interview takes place can also
have an impact, and privacy, noise, and factors such a
room temperature, lighting, and general patient com-
fort may influence the patient—clinician interaction.!
Interviewing skills can improve with practice and expe-
rience and attention to those factors that may impact
the interview.
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or depressed. The successful patient interview includes
the following components:

1. Establish patient rapport so you can obtain
the most accurate description of the patient’s
condition.

2. Gather information about the patient’s condition,
including a chronology of events and the patient’s
impressions of his or her health.

3. Obtain feedback from the patient regarding your
understanding of the patient’s answers to your
questions.

4. Involve the family, especially family caregivers, in
the patient interview whenever possible.

5. Demonstrate to the patient and the family that
you understand the patient’s problems and will
work with them to obtain the appropriate care.

6. Build on initial rapport to enhance further
assessment, evaluations, and treatment plans.

7. Provide additional assessment, evaluation, and
a treatment plan for chronic cardiopulmonary
conditions to facilitate disease management.

The patient interview should include questions to
assess cough; sputum production; hemoptysis; wheez-
ing, whistling, or chest tightness; dyspnea; past his-
tory of chest illness; smoking history; occupation; and,
where appropriate, hobby and leisure activities. The
patient interview should also include questions regard-
ing the patient’s current medications, use of oxygen in
the home, use of other respiratory care equipment, and
history of previous episodes requiring intubation or
mechanical ventilatory support. The patient interview
should also include questions to assess the benefits of
any respiratory care the patient is currently receiving,
as well as any adverse effects of respiratory care the
patient may have experienced. Table 4-1 outlines the
key elements to assess during the patient interview for
respiratory care plan development.

TABLE 4-1
Items to Be Included in the Patient Interview for
Respiratory Care Plan Development

Cough

Sputum production

Hemoptysis

Wheezing, whistling, or chest tightness
Breathlessness

History of chest illness

Previous hospitalizations and/or ICU admissions
Smoking

Occupational history

Hobby and leisure history

Medications

History of intubation and/or mechanical ventilation
Response to respiratory care received

Home respiratory care

Chief Complaint

Demographic Data
and Patient Profile

Following review of the medical record (see Chapter 3),
the next step in patient assessment and care plan devel-
opment is to identify and clarify the patient’s problem
by performing a patient history. The patient history
begins with collection of the patient’s demographic
data, development of a patient profile, and identifica-
tion of the patient’s chief complaint.

Demographic data and the patient profile provide
a description or overview of the patient and his or her
condition. Demographic data collected should include
the patient’s name, address, age, gender, race/ethnic-
ity, admitting diagnosis (if available), and any other
already-identified medical problems. Other informa-
tion helpful in describing the patient may include place
of birth, education, socioeconomic status, marital
status, religion, and languages spoken. The name(s) of
the physician(s) caring for the patient, sources of refer-
ral for care, and a brief description of why the patient
sought medical care should also be included.

As the assessment process proceeds, the clinician
should begin to develop an outline or summary of
the patient’s characteristics and problems, sometimes
known as the patient profile. The patient profile pro-
vides a narrative description, or “snapshot,” of the
patient; that is, the “who, why, what, when and where”
of the patient’s current condition.

If there is an available medical record or chart, any
previous blood gases, chest x-rays, pulmonary function
tests, the results of diagnostic studies, including spu-
tum AFB stains, culture, sensitivity, cytology, and silver
stain (for evaluating fungal infections and pneumocys-
tis pneumonia) and other relevant reports should be
sought and reviewed. Previously performed history and
physical examination reports and consultations found
in the patient’s medical record can also be extremely
helpful to establish the patient’s baseline condition
from which current findings may differ in ways that
provide important diagnostic clues.

Chief Complaint

The chief complaint is a concise statement by the
patient (or family member) relating his or her reason for
seeking medical attention.! The simple question “Why
are you here?” or “What medical problem brought you
to the hospital?” provides a good way to identify the
patient’s perceived problem. Common chief complaints
of patients with respiratory problems include shortness
of breath, cough, sputum production, hemoptysis, fever,
and chest pain or tightness. The chief complaint is the
patient’s primary symptom described in his or her own
terms.

Breathlessness is perhaps the most common pul-
monary complaint.? For example, the patient may state
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that “I can’t get enough air when I walk to the mail-

box.” Wheezing may be related as, “My chest is tight.”

Development of a cough or a change in a chronic cough

may be significant. For example, a nonproductive cough

is an early finding in the development of chronic bron- Items to Include in the History of the Present

chitis due to cigarette smoking.> Sputum production is lliness (HPI)

often a primary complaint whether the disease is acute Onset

or chronic in nature. The previously healthy person « Date and tif®

may refer to the recent expectoration of “rusty-colored «  Sudden (rapid onset)

phlegm.” The patient with chronic bronchitis may « Gradual

report an increase in volume of sputum expectorated

with a change in sputum color and consistency.
Identifying the chief complaint is the first step in

determining the admitting or principal diagnosis.

However, it is important to withhold drawing conclu-

sions about the patient’s diagnosis based on prelimi-

BOX 4-2

Nature of complaint

o Quality or character
o Quantity or severity
o Frequency

o Duration

Location
nary information. Basing conclusions on the opinion «  Where is the pain, discomfort, or other
of family members or information provided by other symptom?

healthcare workers alone may result in testing and
treatment aimed at the wrong problem. It is important
to consider all the available information from the com-
plete history, physical examination, and diagnostic tests
results in determining a diagnosis to which treatment is
directed. The chief complaint provides a starting point
with which to guide the patient history, physical, and
subsequent diagnostic testing.

o Does it spread? If so, to what destination?
Course of the complaint (progression over time)
o Is the symptom persistent or intermittent?

o Chronological order of events?

State of health before the first symptoms
Exacerbations

o When has it gotten worse?

o What seems to be the cause (triggers)?

o What makes it better (relievers) or worse?

History of the Present lliness « Have there been any episodes of unsched-
The history of the present illness (HPI) is a detailed uled care (emergency department, clinic,
description of the symptoms, chronology of events, hospital)?

and resultant impact on the patient’s health of the cur- + What is the number and frequency of exac-
rent illness or problem.! The skilled interviewer uses erbations in the past year?

effective questioning techniques to encourage an open Impact on health-related quality of life
exchange with the patient about his or her illness. Each «  School days missed due to the problem?
symptom is fully described in terms of the nature of +  Work days missed?

the symptom, its location, and its severity. Symptom + Limitation of activities of daily living
timing (onset, duration, and frequency), the setting in (ADLS)?' :

which the symptom occurs, and factors that aggravate »  Economic impact?

or relieve the symptom and associated manifestations Treatment

should be included.! A clear chronological narrative «  What has been done about this symptom or
account of the present illness should result. Items to problem?

include in the general HPI are summarized in Box 4-2. + What treatment or management seems to

work?

o Has there been a need for urgent care or
emergency department visits?

o Have there been any hospitalizations related
to this condition?

o Have there been any life-threatening exac-
erbations requiring admission to an inten-
sive care unit or intubation or mechanical
ventilatory support?

The pulmonary history is a specialized version of
the HPI that focuses on symptoms related to cardio-
pulmonary disease. A complete pulmonary history
should include questions regarding the presence or
absence of cough, sputum production, or hemoptysis.
The patient should be questioned as to whether he or
she has experienced any wheezing or chest tightness.
Chest pain experienced should be explored and breath-
lessness assessed. Current medications being taken by
the patient and any current respiratory care (including
home care) are also assessed. The patient’s smoking his-
tory should be included as well as any history of alcohol
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BOX 4-3

Items to be Included in a Pulmonary History

Cough

o Onset: Sudden or gradual; duration

o Nature: Dry, moist, wet, hacking, hoarse, barking, whooping, bubbling, productive, nonproductive
o Pattern: Occasional, regular, paroxysmal; related to time of day, weather, activities, talking, deep breaths;

change over time

o Severity: Tiring, sleep disruption, chest pain

o Associated symptoms: Dyspnea, chest pain, headache, choking
o Efforts to treat: Medications, other
Sputum production

o Amount: mL, tablespoons, teaspoons

o Frequency: Daily, mornings, Mondays, etc.

o Color: Green, yellow, brown, colorless, red brick, frothy pink

o Consistency: Purulent, viscous, tenacious, watery, saliva

¢ Odor: Foul-smelling, sweet-smelling

o  Other: Blood-tinged, bloody, mucus plugs

Hemoptysis

o Color: Bright red, brown

o Amount: Slight, blood-tinged sputum vs. frank hemoptysis
Wheezing, whistling, or chest tightness

o Onset, duration, frequency, associated events

Chest pain

o Nature, location, duration, associated activities or events
Breathlessness (dyspnea)

« Onset, position, associated symptoms, level of activity associated with dyspnea (severe exertion, exercise,

stairs, walking, at rest)

Smoking history

o Cigarettes, cigars, pipes, other

« Frequency and amount (pack years for cigarettes)

o Attempts to quit

Current medications

« Respiratory (bronchodilators, anti-inflammatory agents, other)
o Antibiotics

o  Cardiac drugs

o Other
Current respiratory care
o Oxygen

o Ventilatory support

o Bronchodilators and antiasthmatic medications

« Bronchial hygiene and airway care (chest physiotherapy, positive expiratory pressure [PEP]
therapy, flutter-valve device, artificial airways, humidifiers, nebulizers, etc.)

or illicit drug use. Items to include in the pulmonary Cough and Sputum Production
history are summarized in Box 4-3. The importance

of the patient history cannot be overstated because it COUgh Assessment

directs the subsequent physical assessment and labora- Cough is one of the most common symptoms for which
tory testing. A more detailed discussion of items to be medical care is sought3 In the absence of direct expo-
included in a complete pulmonary history follows. sure to dust, fumes, or other irritants (e.g., inhaled
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irritants or chemicals) that stimulate the cough recep-
tors, it is abnormal to cough. Cough is considered the
“watch dog” of the lung, and a new-onset cough often
signals the development of respiratory disease. A cough
may be classified as acute (< 3 weeks), subacute (3 to

8 weeks), or chronic (> 8 weeks). The development of

a new cough may signal development of a pulmonary
problem, and a change in a chronic cough may indicate
a change in a chronic lung disease or condition.? The
respiratory care clinician should ask the patient specific
questions about the onset, timing, nature, pattern,

and severity of the cough. A cough may be character-
ized as effective or ineffective, strong or weak, and
productive or nonproductive. The nature of the cough
may help identify specific respiratory problems.
Wheezing with cough is associated with obstruction,
such as asthma. A hoarse, brassy, or barking cough is
seen with upper airway or laryngeal disorders such as
croup. The nature of a cough may progress from being
dry to productive, and the volume of sputum produced
may also vary over time. The patient should also be
asked if he or she smokes or has postnasal drip, two
conditions associated with a chronic cough. Cough-
related symptoms and efforts to treat the cough should
be assessed and sputum production and characteristics
reviewed. For example, a harsh, explosive cough can
cause other symptoms, such as headache and chest
muscle pain.

The most common cause of an acute cough is acute
respiratory tract infection. Acute bronchitis is generally
caused by a viral infection, although bacterial infec-
tion, inhalation of noxious substances, or aspiration
may also cause acute bronchitis. Cough in patients with
acute bronchitis typically lasts for 5 days or more and
may persist for several weeks.*

Common causes of subacute and chronic cough are
postnasal drip (now referred to as the upper airway
cough syndrome), chronic bronchitis, asthma, and gas-
troesophageal reflux disease (GERD).? Postnasal drip is
a common cause of subacute or chronic cough. Causes
of postnasal drip include rhinitis, sinusitis, naso-
pharyngitis, and the common cold, all of which may
cause frequent nasal discharge, throat clearing, and
cough. Sinusitis and rhinitis are often seen in asthma
as comorbidities. Treatment of sinusitis may include
use of saline washes, corticosteroids administered as
nasal sprays, antileukotriene agents, nonsedating anti-
histamines, and antibiotics or antifungal agents for
infection.

A chronic morning cough is common with smokers.
A cough on most days for as much as 3 months of
2 consecutive years that is productive of a tablespoonful
or more of sputum in the absence of other pulmonary
disease is the definition chronic bronchitis. Chronic
bronchitis is a form of chronic obstructive pulmonary
disease (COPD) and is associated with cigarette smok-
ing or chronic exposure to inhaled irritants, such as air

pollution, industrial irritants, or chronic exposure to
dust or fumes.

Asthma is a leading cause of persistent cough. The
typical presentation of acute asthma includes wheez-
ing and shortness of breath; however, in some patients
cough may be the only symptom. This is known as
cough-variant asthma.* Pulmonary function testing,
including bronchial challenge testing, can help in mak-
ing the diagnosis of asthma in patients where cough
is the primary or only symptom (see Chapter 12).
Improvement following treatment for asthma can help
confirm asthma as the cause of the cough. A cough
associated with plants, pets, dusts, or other allergens
may be helped by avoidance of the allergen or irritant
or use of a bronchodilator or antiinflammatory medica-
tion prior to exposure.

GERD is a very common cause of chronic cough.
GERD occurs when the acidic contents of the stomach
leak backwards from the stomach into the esopha-
gus.® Conditions associated with gastric reflux include
hiatal hernia, pregnancy, obesity, alcohol consump-
tion, and certain medications, including sedatives,
antidepressants, bronchodilators, and blood pressure
medications.” GERD is sometimes seen in asthma as
a comorbidity. Symptoms of GERD include heartburn
and a sour taste in the mouth, which may worsen dur-
ing the night and in the supine position, although reflux
can occur without these symptoms. Treatment includes
lifestyle modifications, dietary changes, and use of ant-
acids and histamine-2 (H-2) receptor antagonists.® Fatty
foods and other foods that cause symptoms should be
avoided. Weight loss, smoking cessation, and alcohol
restriction may also be helpful. Elevation of the head
of the bed and avoidance of meals before bedtime may
also help to alleviate symptoms.

Timing of the cough and change in the nature of
the cough over time should also be assessed. Cough at
night may be associated with asthma, heart failure, or
GERD.? A cough or shortness of breath that subsides
over the weekend and recurs on Monday morning with
the return to work may be a sign of an occupationally
related disorder. A classic example is byssinosis, which
is caused by inhalation of cotton brac. Cotton work-
ers exposed to cotton brac will develop a COPD-like
syndrome and complain of shortness of breath, chest
tightness, or wheezing on Monday mornings when they
return to work after the weekend. A chronic morning
“smoker’s cough” with sputum production suggests that
the patient has airway inflammation.

Cough may also be a complication of angiotensin
converting enzyme (ACE) inhibitors used to treat high
blood pressure and congestive heart failure (CHF).
Other causes of chronic cough include neoplasm,
foreign body inhalation, interstitial lung disease, and
chronic pulmonary infections (including tuberculosis,
fungal infections, and lung abscess). Box 4-4 lists com-
mon causes of acute, subacute, and chronic cough.
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BOX 4-4

Common Causes and Classification of Cough
as Acute, Subacute, or Chronic

Acute cough: A cough that has been present for
< 3 weeks.

o Acute respiratory tract infection

o Acute exacerbation of chronic lung disease

o Pneumonia

o Pulmonary embolus

Subacute cough: Cough has been present for 3
to 8 weeks.

o Postnasal drip

o DPostinfectious cough

o Pertussis (whooping cough)

Chronic cough: Cough present > 8 weeks.

o Postnasal drip

o Asthma

« GERD

o ACE inhibitor medications

o Chronic bronchitis

o Bronchiectasis

o Lung cancer/neoplasm

« Foreign body aspiration

o Interstitial lung disease

o Lung abscess

o Nonasthmatic eosinophilic bronchitis

o Pertussis (whooping cough)

« Chronic idiopathic cough

GERD, gastroesophageal reflux disease; ACE, angiotensin
converting enzyme.

A change in the nature of the cough may indicate
a major change in the patient and should be carefully
assessed. Although lung cancer is a less common cause
of chronic cough, it should always be considered in cur-
rent or former smokers with a new cough or change in
a chronic cough. Remember, in any case, that a cough
is not normal and its presence may indicate a problem
that should be carefully assessed. Interview questions
to assess a patient’s cough are listed in Table 4-2. Items
to include when describing the cough based on inter-
view findings are found in Table 4-3.

Sputum Production

The term sputum refers to material expelled from

the upper or lower airways, whereas the term phlegm
technically refers to secretions from the lower air-
ways (lungs and tracheobronchial tree). More than
occasional sputum production should be considered
abnormal.? Excessive sputum production is a common

Cough and Sputum Production

symptom of pulmonary disease and is generally associ-
ated with acute or chronic infection or inflammation
of the respiratory mucosa. Conditions in which exces-
sive sputum production is often seen include asthma,
acute and chronic bronchitis, bronchiectasis, emphy-
sema, pneumonia, and tuberculosis. The respiratory
care clinician should question the patient regarding
sputum volume, consistency, color, odor, and presence
or absence of blood.? The clinician should also ask the
patient when he or she coughs and produces sputum
in a typical 24-hour period. For example, patients with
chronic bronchitis generally produce the most spu-
tum during the first hour after arising in the morning,
though sputum production continues throughout the
day.®

In additional to questioning the patient about spu-
tum production, whenever possible the respiratory
care clinician should directly observe and record the
appearance and characteristics of sputum produced
(see Table 4-4). With respect to gross examination
of sputum, the following items are important for
assessment.

Sputum Volume

Whenever possible, the actual volume of sputum
produced should be estimated using a standard mea-
surement system. Patients may be able to describe the
volume of sputum produced in terms of a teaspoon,
tablespoon, or portion of a cup (1/4, 1/2, full cup). For
example, a diagnostic criterion for chronic bronchitis
is the presence of a cough productive of a tablespoon
or more of sputum on most days for at least 3 months
of the year in at least 2 consecutive years. Vague terms
to describe sputum volume, such a “scant,” “moderate,”
and “copious,” should be avoided, because these terms
may mean different things to different people.

One method of monitoring sputum production is
to simply place a clean graduated sample container at
the bedside for a 24-hour period. The able and coop-
erative patient is instructed to deposit all sputum
produced into the container. Frequently, the respira-
tory care clinician only records sputum produced fol-
lowing a specific treatment or procedure. The use of a
24-hour collection system such as just described will
give a more complete picture of the patient’s sputum
production.

Color

Sputum is normally colorless or clear. Sputum color
may be characterized as clear, cream, white, green,
yellow-green, rust, yellow, red, and brown.*” Cellular
debris and white blood cells associated with inflam-
mation or infection can affect sputum color.>” Sputum
purulence occurs when inflammatory cells or sloughed
mucosal epithelial cells are present.” This can occur

in the presence of either viral or bacterial infection.”
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TABLE 4-2
Patient Interview Questions Related to the Cough

The patient should be questioned using clear and direct language. A positive patient response should be followed by specific questions to
provide more detail regarding onset, nature of the cough, pattern, frequency, associated symptoms, and related items.

Onset and Nature of the Cough
1. When did your cough start?
2. Was the onset sudden or gradual?
3. Did something seem to trigger your cough?
4. How would you describe your cough?
Dry?
. Moist or wet?
. Hoarse?
. Barking?
. Whooping?
Bubbling?
g. Other?
Has the nature of your cough changed over time?
Do you cough up phlegm, mucus, sputum, or bloody sputum? (See Table 4-13 for interview questions for tobacco users.)
. Do you clear your throat a lot?

~Noo

P

ttern and Frequency of the Cough
How long have you had this cough?
Is the cough occasional or regular?
Do you usually cough first thing in the morning?
Do you usually cough at other times during the day or night?
Does your cough wake you up at night?
Does your cough get better or worse in certain locations?
a. At work?
b. At home?
c. Outdoors?
d. When you are near plants, birds, or pets?
e. Other?
If yes to any of the above, please describe.
7. Do you cough on most days as much as 3 months of the year? If so, how many years have you had this cough?
8. Does your cough seem to vary with the time of day?
9. Does your cough seem to get better or worse with certain activities, such as:
. Walking?
. Exercise?
. Talking?
. Eating or drinking?
. Sleeping?
Lying down?
. In certain positions?
. When working on a hobby, such as woodworking? If so, please describe.
i. Other?
10. Does your cough seem to change with changes in the weather?
11. Do you cough more on any particular day of the week? If “Yes,” which day?
12. Does your cough get worse (or better) during certain times of the year?

OOk wio =

om SO o0 oo

Related Symptoms
1. Do you experience any of the following symptoms or conditions that may be related to your cough?
. Chest pain?
. Wheezing, whistling, or chest tightness?
. Shortness of breath?
. Headache?
. Cold or flu?
Allergies?
. Runny nose?
. Fever?
Hoarseness?
j.  Gagging or choking?
2. What have you done to treat your cough?
a. Prescription cough medications?
b. Over-the-counter (nonprescription) cough medications?
c. Use of a vaporizer or nebulizer?

TSR PO OO0 T
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TABLE 4-2
Patient Interview Questions Related to the Cough (continued)

d. Are you receiving any form of respiratory care?
i. Oxygen therapy?
ii. Aerosol therapy?
iii. Chest physical therapy?
iv. Other?
What, if anything, has helped relieve your cough?

Other Questions Related to Cough
Do you smoke (see Table 4-15)?
Do you have sinusitis, allergic rhinitis, or nasal allergies?
Do you have postnasal drip or a runny nose?
Do you have asthma?
Do you have COPD?
Do you have any other lung disease or condition?
a. Tuberculosis?
b. Other?
7. Do you have a heart condition or high blood pressure?
a. If so, are you taking any medications for your heart or blood pressure, such as ACE inhibitors?
b. What medications are you taking?
8. Do you have gastric reflux or heartburn?
a. Do you ever have an acid or bitter taste in our mouth? If so, when?
b. Do you use antacid medications?
9. Are you under a great deal of stress at home or work? If yes, please describe.

DG W=

Sputum that is cream colored, white, or clear gener-
ally has few bacteria present.” Sputum that is green,
yellow-green, yellow, or rust in color generally has a

colored, thick, viscous, and tenacious (sticky). It should
be noted whether the sputum is tenacious (associated
with dehydration), mucoidal, or purulent. Purulent

much higher concentration of bacteria.” Table 4-4 sum-
marizes sputum appearance associated with specific
conditions.

Consistency

The viscosity of sputum is partly a function of the
sputum’s water content. Normal sputum is thin and
mucoidal. With excess secretion production, dehydra-

sputum indicates the presence of white blood cells. The
term mucopurulent sputum generally refers to mucus
that is thicker, white, or yellow in color and sticky. With
advanced cases of bronchiectasis, sputum placed in a
container may settle out into three layers:

1. Top layer—cloudy
2. Middle layer—clear saliva
3. Bottom layer—cloudy and purulent

tion, inflammation, or infection, sputum may become

TABLE 4-3
Description of Cough and Sputum Production Based on Interview Findings

Cough onset: Sudden, gradual; duration
Nature of cough: Dry, moist, wet, hacking, hoarse, barking, whooping, bubbling, productive, nonproductive
Cough pattern: Occasional, regular, recurrent; persistent; paroxysmal (sudden, convulsive); related to time of day, weather, activities, talking,
deep breaths; change over time
Cough severity: Severe enough to tire patient or disrupt sleep or conversation; causes chest pain
Sputum production: Duration, frequency, with activity, at certain times of day
e Sputum characteristics: Amount, color (clear, mucoid, purulent, blood tinged, mostly blood), foul odor
e Frequency of sputum production: Daily, mornings, days of the week, such as the first workday of the week, or associated with specific
activities
Sputum amount or volume (estimate in mL, teaspoons, or tablespoons)
Color: Green, yellow, brown, colorless, red brick, frothy pink
Consistency: Purulent, viscous, tenacious, watery, saliva
e QOther: Blood tinged, bloody, mucous plugs
Associated symptoms: Shortness of breath, chest pain or tightness with breathing, fever, upper respiratory signs, noisy respirations,
hoarseness, gagging, choking, stress
Efforts to treat: Prescription or nonprescription drugs, vaporizers, other
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TABLE 4-4
Sputum Appearance

Normal sputum is colorless (clear) and thin or mucoidal.

o Purulent sputum can occur without bacterial infection.
e Green sputum is sometimes seen from draining sinuses.

been reported as frequently in the outpatient setting.

e (Cigarette smokers may produce brownish sputum.

may also occur with Klebsiella.

may be more common with this bacteria.
Pulmonary edema fluid sometimes contains red blood cells.
e Frothy white or pink sputum may indicate pulmonary edema.
e Some older inhaled medications turn pink.

outpatient setting.

Sputum color may be characterized as clear, cream, white, green, yellow-green, rust, yellow, or red.
Sputum consistency may be thin, thick, viscous (high resistance to flow), or tenacious (sticky).

Muciodal (clear, thin, sometimes viscid) sputum is seen in emphysema and asthma and chronic bronchitis without infection and neoplasms.
e Sputum purulence occurs when inflammatory cells or sloughed mucosal epithelial cells are present.
o Causes of purulent sputum are infection and inflammation. Inflammation can occur from inhaled irritants, smoking, or allergy

Green-colored sputum is generally associated with acute infection or inflammation.
e Pseudomonas aeruginosa infection has been traditionally associated with green sputum; however, yellow-green, yellow, and rust have

¢ |nflammation from chronic asthma can also produce discolored sputum.

White, pale yellow, or yellow purulent sputum is sometimes seen with infection, such as in pneumonia or bronchitis.
e Gram-negative bacteria are more commonly cultured from yellow sputum in the outpatient setting.

e Gram-positive bacteria are more commonly cultured from white-gray sputum in the outpatient setting

Brown or off-white brownish sputum is associated with a long-standing infection, such as chronic bronchitis.

Rust- or red-colored sputum has been associated with specific types of infection.
e Aclassic “currant jelly” appearance or red brick color is associated with a Klebsiella pneumonia infection, although yellow-green sputum

e Alcoholics and elderly diabetics are at risk to develop Klebsiella pneumonia.
e Streptococcus pneumonia traditionally has been associated with rust-colored sputum; however, yellow-green, yellow, or cream sputum

Blood-streaked sputum may be seen with bronchogenic carcinoma, tuberculosis, chronic bronchitis, abscess, and other conditions.
Colored sputum does not always indicate bacterial infection, contrary to common opinion.
Clear, cream, or white sputum has a lower yield of acceptable Gram stains than yellow, green, or rust-colored sputum specimens in the

Data from: Johnson AL, Hampson DF, Hampson NB. Sputum color: potential implications for clinical practice. Respir Care. 2008;53(4):450-454; and Gardner D,
Wilkins R. Cardiopulmonary symptoms. In: Wilkins RL, Dexter JR, Heuer AJ (eds.). Clinical Assessment in Respiratory Care, 6th ed. St. Louis, MO: Mosby-Elsevier;

2010: 28-50.

Odor

Foul-smelling (fetid) sputum is associated with long-
term infections such as those found with bronchi-
ectasis, lung abscess, cystic fibrosis, or aspiration.
Pseudomonas has a peculiar “sweet” smell.

Change in Sputum Production

A change in sputum production may mean that the
patient is getting better or worse. Increased sputum
production may occur with improved airway humidifi-
cation and effective bronchial hygiene therapy. Sputum
production should then decrease gradually with further
improvement. A sudden increase in sputum production
may be associated with the rupture of an abscess or
release of blocked bronchi. A sudden decrease in spu-
tum production could be caused by airway obstruction,
bronchospasm, or inadequate humidification of the
inspired gases, particularly in the presence of an arti-
ficial airway. Interview questions to assess a patient’s
sputum production are found in Table 4-5.
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Hemoptysis

Blood-tinged sputum is associated with a large number
of pulmonary disorders. If the blood is bright red and
in significant amounts, the origin is probably the lower
airway and most often secondary to cancer, bronchiec-
tasis, or tuberculosis (see following).

Curschmann’s Spirals

Curschmann’s spirals are mucus plugs or casts that
have been coughed out and are associated with bron-
chial asthma. In difficult-to-control asthma, brown
plugs or bronchial casts in the sputum are associ-
ated with bronchopulmonary aspergillosis, a disorder
most often caused by hypersensitivity to Aspergillus
fumigatus.?

Sputum Collection

Sputum Gram stain and culture should be performed
in patients with hospital-acquired pneumonia and
in hospitalized patients with community-acquired
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TABLE 4-5

Hemoptysis

Patient Interview Questions Related to Phlegm, Sputum, or Mucus Production

The patient should be questioned using clear and direct language. A positive patient response should be followed by specific questions to
provide more detail regarding onset, nature of the cough, pattern, frequency, associated symptoms, and related items.

1. Do you USUALLY bring up phlegm (sputum, mucus) from your chest first thing in the morning?

2. Do you USUALLY bring up phlegm (sputum, mucus) from your chest at other times during the day or night?

3. Do you bring up phlegm (sputum, mucus) from your chest on most days for as much as 3 months of the year?
4

0 Yes O No
O Yes O No
O Yes [ No

. (If yes to #3) For how many years have you raised phlegm (sputum, mucus) from your chest?

years

5. What is the USUAL color of the phlegm (sputum, mucus) you bring up from your chest?

e (Clear

Cream of off-white
White

Yellow

Green
Yellow/green

Rust

Pink

Red

Brown

Don't know

Other (give details):

6. How much sputum do you raise each day?
e |ess than a teaspoon

About a teaspoon full

About a tablespoon full

More than a tablespoon full

Don't know

pneumonia.®’ Sputum cultures are probably not use-
ful in otherwise healthy patients with acute bronchitis.
Obtaining a satisfactory sputum specimen for Gram
stain, culture, and sensitivity or cytology requires spe-
cial care. Methods for obtaining a sputum specimen
include the directed cough and use of ultrasonic nebu-
lizers with sterile distilled water or hypertonic (3% to
8% NaCl) heated aerosols. The latter must be used with
caution because hypertonic saline may induce bron-
chospasm. The high salt content of the inhaled aerosol
may literally pull water out of the mucosa (osmolaric
transudation) to help provide a sputum specimen. Table
4-4 provides an introduction to the interpretation of
sputum production, color, consistency, and other char-
acteristics. Table 1-4 (Chapter 1) describes common
and less-common causes of acute and chronic cough
and sputum production.

Hemoptysis

The term hemoptysis simply means coughing up blood.
The most common causes of blood in the sputum

are bronchitis (in the United States) and pulmonary
tuberculosis (worldwide).? Other common causes of
hemoptysis include lung cancer, pneumonia, bronchiec-
tasis, lung abscess, pulmonary embolus/infarction, and
cystic fibrosis.!®!! The respiratory care clinician must
be careful to distinguish the source of blood as pulmo-
nary or lower respiratory tract. Other possible sources
of expectorated blood include the upper airway (nose,

pharynx) and upper gastrointestinal tract (esophagus,
stomach). Nasal mucosal bleeding (epistaxis, or nose-
bleed) and vomiting blood from the upper gastrointes-
tinal tract (hematemesis) must be ruled out. Spitting
blood without cough is associated with an upper airway
source, and a careful upper airway examination should
be done. Vomiting blood is associated with gastroin-
testinal disease, such as esophageal varices, which can
result in life-threatening bleeding from the submucosal
veins in the lower part of the esophagus. The develop-
ment of esophageal varices is associated with portal
hypertension and is commonly due to liver cirrhosis.
Blood-streaked sputum is sometimes seen with pulmo-
nary infection, such as bacterial pneumonia, chronic
bronchitis, and bronchiectasis. Blood-streaked sputum
is also seen with lung cancer and pulmonary embolus.
Broncholithiasis is a condition in which calcified mate-
rial (broncholiths) are found in the airways, and small
stones or gravel mixed with blood may be found in

the sputum. Box 4-5 lists the most common causes of
hemoptysis. Table 4-6 provides a list of patient inter-
view questions regarding hemoptysis.

Submassive and Massive Hemoptysis

Scant hemoptysis is a term sometimes used for small
amounts of blood-streaked sputum (which is usually
due to bronchitis). Hemoptysis may also be classified as
massive (= 500 mL of expectorated blood per 24-hour
period or = 100 mL per hour) or submassive (< 500 mL
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per 24-hour period).>? Submassive hemoptysis gener-
ally resolves with treatment of the underlying cause.?
BOX 4-5 Though much less common, massive hemoptysis
represents a life-threatening emergency that requires
Common Causes of Hemoptysis prompt action to maintain the airway, ensure adequate
cardiopulmonary function, and control the bleeding.
Causes of massive hemoptysis are varied and include

Bronchitis (acute and chronic)

Bronchiectasis nfecti liti h |
Lung abscd® ‘ér‘auma, Ln ectloln, C'anlc(e;, vascu 1t1(51,' ot erdpu rgonary
Tuberculosis isease, hematological disease, cardiac and cardiovas-

cular problems, certain drugs, and complications of
medical or surgical procedures. Evaluation and treat-
ment of massive hemoptysis may include diagnostic
imaging (chest CT), endotracheal intubation, bron-

Pneumonia (includes necrotizing pneumonias)
Neoplasms (bronchogenic carcinoma)
Pulmonary embolism (pulmonary infarction)

Cystic fibrosis
choscopy, interventional angiography, and surgery.>?
Box 4-6 lists causes of massive hemoptysis. Table 1-4
(Chapter 1) describes common and less-common
causes of hemoptysis.
TABLE 4-6

Patient Interview Questions Related to Hemoptysis

1. Have you coughed up blood from your chest in the past 2 years? OYes [ONo
2. If yes, when, and how many times?

3. Please describe the amount of blood produced (teaspoon, tablespoon, cup, etc.):

4. Please describe the appearance of the blood and sputum produced:

5. Please describe the color of the blood and sputum produced:

6. Please describe the odor of the blood and sputum produced:

7. Would you describe your sputum or phlegm as blood-tinged? OYes ONo
8. Would you describe the blood and sputum as streaky or blood-streaked? OYes [ONo
9. Did you see any blood clots in your sputum? OYes [ONo
10. Where there any associated symptoms, such as chest pain, a sensation of warmth, or a bubbling sensation? OYes [ONo
11. Did you seek and/or receive medical care? OYes ONo

12. If yes, please describe any treatment received:

13. Did you have a chest x-ray or CT scan? OYes [ONo

BOX 4-6

Causes of Massive Hemoptysis

Trauma: Blunt or penetrating chest injury, ruptured bronchus, fat embolus, tracheal-innominate artery
fistula)

Infection: Fungal lung disease, tuberculosis, necrotizing pneumonia, lung abscess, viral or parasitic infection

Cancer: Bronchogenic carcinoma, bronchial adenoma, metastatic cancer

Other pulmonary disease: Bullous emphysema, bronchiectasis, cystic fibrosis, pulmonary embolus

Hematologic disorders: Platelet and clotting disorders, use of anticoagulants

Cardiac/cardiovascular disease: Mitral stenosis, endocarditis, congenital heart disease, pulmonary hyperten-
sion, aortic aneurysm, arteriovenous malformation)

Drugs: Aspirin overdose, crack cocaine, others

Procedure related: Bronchoscopy, transtracheal aspiration, lung surgery

This article was published in Clinics in Chest Medicine 15(3), Cahill BC, Ingbar DH. Massive hemoptysis: assessment and man-
agement, pages 147—-67, Copyright Elsevier 1994.
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Whistling, Wheezing, and Chest
Tightness

Patients with cardiopulmonary disease may describe
wheezing, chest pain, and/or chest tightness. Wheezing
may be described as a high-pitched, whistling sound
during breathing. Recurrent wheezing, chest tightness,
difficulty in breathing, or a cough that may be worse

at night are associated with a diagnosis of asthma.'**?
Asthma is characterized by airway inflammation,
hyperreactive airways, and reversible airway obstruc-
tion, all of which may cause wheezing, whistling, and/
or chest tightness.'* Exposure to allergens such as
animal dander, dust mites, cockroach debris, cigarette
smoke, and air pollution may precipitate an asthma epi-
sode.!? Remember, however, that all that wheezes is not
asthma, and the many other possible causes of wheez-
ing should be considered.

Patients should be asked about their breathing using
open-ended questions. The interviewer should ask
direct questions to determine any changes in the fre-
quency, duration, or related circumstances associated
with wheezing, chest tightness, shortness of breath,
or cough. A change in symptoms and what factors
are associated with that change should be noted. For
example, exercise-induced asthma is associated with
breathing cold air while exercising.'* Occupational or
environmental irritants or allergens may be isolated by
a careful patient interview. Materials associated with
the development of occupational asthma include red
cedar wood dust and chemicals found in spray paints.'
Some patients may experience acute shortness of breath
at night, which is called paroxysmal nocturnal dyspnea
(PND). PND is associated with CHF. CHF causes edema
of the airways and may lead to wheezing and shortness
of breath (also known as cardiac asthma).

Wheezing is a continuous, musical sound heard
upon auscultation of the chest, although with severe
wheezing the sound can sometimes be heard at a
distance without the use of a stethoscope. Wheezing
is caused by narrowing of the upper or lower airway
due to obstruction, bronchospasm, tumor, or asthma.
Wheezing is most commonly heard on expiration,
though inspiratory wheezing is not uncommon. The
most common cause of wheezing in the outpatient set-
ting is postnasal drip."* Wheezing may also be caused
by extrathoracic airway obstruction (such as tumor
or vocal cord disorders) or intrathoracic upper airway
obstruction due to such things as tracheal stenosis,
airway tumors, or foreign body aspiration.' Stridor is
associated with upper airway obstruction and requires
prompt attention, because it may progress to complete
airway obstruction."* Chest tightness is a common
complaint in the early stages of an asthma attack and is
associated with bronchoconstriction.'®

Although all that wheezes is not asthma, episodic
wheezing is a hallmark of that disease, and asthma

Chest Pain

TABLE 4-7
Possible Causes of Wheezing

Upper Airway Obstruction: Extrathoracic

e Postnasal drip

e Croup and laryngotracheobronchitis
e Other laryngeal problems

o Post extubation edema

o Laryngeal stenosis

o Vocal cord dysfunction
Epiglottitis

Anaphylaxis

Retropharyngeal abscess

Tumor

Upper Airway Obstruction: Intrathoracic

e Airway tumors

e Foreign body aspiration
e Tracheal stenosis

e Tracheal malacia

Lower Airway Obstruction

e Asthma
e Other chronic obstructive lung disease
o COPD
o Bronchiectasis
o Cystic fibrosis
e Broncholitis
e Aspiration
o Fluid aspiration, including gastric contents
o Small foreign body aspiration
Heart failure (cardiac asthma)
Noncardiogenic pulmonary edema
Pulmonary embolus
Miscellaneous
o Carcinoid syndrome
o Lymphangitic carcinomatosis
o Parasitic infections

should always be considered when wheezing is present.
The asthma patient generally responds well to bron-
chodilator therapy, although improvement following
bronchodilator administration can occur with other
conditions. In addition to asthma, other possible lower
airway causes of obstruction and wheezing include
COPD, bronchiectasis, cystic fibrosis, and bronchiolitis.
Aspiration (fluid or foreign body), pulmonary edema,
and pulmonary embolus may also cause lower airway
narrowing with wheezing. Pulmonary function testing
(see Chapter 12) can be useful to differentiate between
extrathoracic upper airway obstruction, intrathoracic
upper airway obstruction, and lower airway obstruc-
tion."* Causes of wheezing are summarized Table 4-7.

Chest Pain

Chest pain is a common symptom in patients with a
wide variety of cardiopulmonary problems, ranging
from heart disease to pneumonia, pleurisy, rib frac-
ture, pneumothorax, and tumor. Chest pain is typically
not life threatening; however, it requires immediate
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attention because some causes of chest pain may lead
to sudden death if not treated promptly. Potentially
life-threatening causes of chest pain include myocardial
infarction, pulmonary embolus, tension pneumothorax,
aortic dissection, and esophageal rupture.’® The patient
with acute chest pain should be questioned as to the
location and nature of the pain, timing, and any associ-
ated symptoms and/or risk factors. Physical assessment
should follow, along with appropriate diagnostic testing
such as electrocardiogram (ECG) and imaging studies.
The three basic types of chest pain a patient may
describe are substernal, pleuritic, and musculoskeletal.

Substernal Chest Pain

Substernal chest pain may be caused by coronary
artery disease and related cardiac ischemia, myocardial
infarction, or other heart disease, such as pericarditis
or heart valve disease. Substernal chest pain, shortness
of breath, and diaphoresis are common cardiovascu-
lar effects of cocaine abuse.!*!” Chest trauma, pleural
disease, pulmonary embolus, aortic dissection, pneu-
mothorax, tracheal or large airway problems, hyperven-
tilation, and esophageal disease may also cause chest
pain. Emotional problems, stress, and panic disorder
are also sometimes associated with substernal chest
pain.

Angina Pectoris

Patients with ischemic heart disease may exhibit a form
of substernal chest pain known as angina pectoris.
Angina is caused by reduced blood flow to the myocar-
dium (myocardial ischemia), usually due to coronary
artery disease. One type of angina, “variant angina,” is
caused by coronary vasospasm.

Typical angina is characterized by stable, intermit-
tent substernal chest pain or discomfort that may
be brought on by or worsen with exertion. Angina
generally increases gradually over a period of several
minutes, but only lasts about 5 to 10 minutes. Angina
lasting longer may signal acute myocardial infarction
(ML, see below). Anginal pain does not change with
position or respirations. Patients may describe the
sensation associated with angina as chest discomfort,
tightness, or pressure. The patient may complain that
it feels as if someone is “sitting on my chest.” The pain
may radiate down the arms or to the shoulder, neck,
lower jaw, or teeth.’® The “Levine sign” is when the
patient places his or her fist in the center of the chest to
indicate the location of the pain or discomfort. Angina
is often accompanied by other symptoms such as short-
ness of breath, sweating, lightheadedness, dizziness,
and fatigue. Some patients confuse angina with heart-
burn, and indigestion and nausea may be reported.
Angina often improves with rest and administration of
nitroglycerin, a coronary artery vasodilator.

Myocardial Infarction

Myocardial infarction (MI) is a major cause of death and
disability worldwide. MI is defined as myocardial cell
death, most commonly caused by prolonged ischemia.'®
New-onset chest pain should be considered a poten-
tial medical emergency. Unexplained severe central
chest pain in at-risk patients with no known cardiac
disease and lasting 2 minutes or longer may indicate a
developing MI, and action should be taken accordingly.
Current guidelines suggest that patients, caregivers, or
family members should activate the emergency medi-
cal system (EMS) within 5 minutes of MI symptom
development. Patients who may be suffering an acute
MI should be given a 325-mg tablet of aspirin to chew.
Patients with ongoing symptoms who may be unstable
based on history, associated risk factors, and physical
examination should be immediately transported via
ambulance to a hospital emergency department.'® A
defibrillator should be available and oxygen therapy
and venous access established. Pain due to myocardial
ischemia may be treated by administration of sublin-
gual nitroglycerin unless contraindicated due to low
blood pressure or recent ingestion or administration of
a vasodilator (such as Viagra).'® It should also be rec-
ognized that some MIs are “silent,” having no clinical
symptoms; these occur most often in elderly patients or
patients with diabetes.

Acute M1 is confirmed by elevated cardiac bio-
marker laboratory studies indicating myocardial tis-
sue damage (troponin or creatine kinase [CK-MB])
and development of ECG changes associated with
MI (Q-wave development and/or ST-segment eleva-
tion or depression). Imaging studies may confirm loss
of functional heart tissue. Treatment of ST-elevation
myocardial infarction includes medical care and rapid
transport to a facility where reperfusion therapy via
percutaneous coronary intervention (PCI) using coro-
nary artery balloon angiography can be accomplished
rapidly and safely.”” Early use of thrombolytic therapy
is the treatment of choice when PClI is not readily
available.

Pleuritic Chest Pain

Pleuritic chest pain is often described as a sharp,
knifelike localized pain, often at the periphery of the
chest. Pleuritic pain changes with breathing motion
and coughing. Common causes of pleuritic chest pain
include pleurisy, pneumonia, pulmonary embolus, pleu-
ropericarditis, and pneumothorax.

Musculoskeletal Chest Pain

Musculoskeletal chest pain may be caused by rib frac-
tures, chest trauma or bruising, thoracic or cardiac
surgery, and sprain or injury to the muscles of the
chest. Musculoskeletal pain often varies as the patient
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breathes and moves about and may persist from a

few hours to weeks. Musculoskeletal chest pain may
improve with the administration of nonsteroidal anti-
inflammatory drugs (NSAIDs). Other causes of chest
wall pain include costochondritis, stenoclavicular
arthritis, and cervical disc disease. Chest radiographs
or CT scan may help separate the cause of pleurtic pain
from musculoskeletal chest pain.

Onset, Duration, and Timing of Chest Pain

The onset, duration, and timing of chest pain and
whether the pain is associated with trauma, coughing,
movement, or lower respiratory infection should be
noted. For example, sudden onset of pain is common
with pneumothorax, aortic dissection, or acute pulmo-
nary emboli.’® Cardiac ischemic pain generally begins
more gradually.’® Chest pain associated with exertion
is common with ischemic cardiac disease and may
improve when activity is stopped.'® Musculoskeletal
pain may have a less-well-defined onset.'® The patient
should also be questioned as to what, if anything,
makes the pain better or worse. For example, esopha-
geal pain may worsen with swallowing and improve fol-
lowing ingestion of antacids.”® Pain that worsens with
movement or upon palpation is often musculoskeletal
in origin.'® Pleuritic chest pain also may worsen when
breathing and when lying down."

Associated symptoms such as shallow breathing,
fever, uneven chest expansion, coughing, anxiety about
getting air, or radiation of the pain to the neck or arms
should also be noted during the patient interview.
Efforts to treat chest pain with heat, splinting, or pain
medication should be noted.

Dyspnea
Shortness of breath is often the chief complaint in
patients with cardiopulmonary disorders. It affects
up to 25% of all patients seen in the ambulatory care
setting and up to 50% of all patients seen in the hos-
pital.’*?° Dyspnea may be defined as the conscious
sensation (as experienced by the patient) of being short
of breath. This subjective experience of breathing dis-
comfort is thought to be derived from the interaction
of various physiological, psychological, social, and envi-
ronmental factors.”>* The underlying cause of dyspnea
may be pulmonary, cardiac, hematologic, neurologic,
psychogenic, metabolic, or mechanical.'>*

Patients may describe the experience of dyspnea
as an increased work of breathing, chest tightness, or
the sensation of not getting enough air (“air hunger”).
Patients may say “I feel short of breath,” “I'm having
difficulty breathing,” or “I can’t catch my breath.” '>2°
Patients with air hunger may complain that they are
starved for air, have feelings of suffocation, or that
they cannot get a deep enough breath.'>?° Dyspnea
may be described as acute or chronic, intermittent or

Dyspnea

continuous, and progressive or stable. Dyspnea may

be a new symptom for which a cause has not yet been
identified, or it may be associated with known respira-
tory, neuromuscular, or cardiovascular disease.'>* In
any case, dyspnea is a serious finding, and patients with
severe dyspnea are at much greater risk of mortality.’>?°

The actual physiologic mechanisms involved in the
generation of the sensation of dyspnea are complex
and may be similar to those experienced when exer-
cising other skeletal muscle groups.'>* The causes of
dyspnea, however, can be generally described as being
due to an increased respiratory drive (increased venti-
latory demand) and/or impaired ventilatory mechan-
ics (decreased ventilatory capacity or increased work
of breathing).!>*° Causes of an increased respiratory
drive include hypoxemia, hypercapnea, and acidosis.
Hypoxemia and hypercapnea may be caused by a wide
variety of disorders that may lead to respiratory failure
(see Box 2-1, Chapter 2). Disease states or conditions
that may decrease oxygen delivery to the tissues may
also cause dyspnea. These include cardiac disease, ane-
mia, carbon monoxide poisoning, and disorders of the
hemoglobin. Metabolic acidosis may be caused by such
things as diabetic ketoacidosis (as seen in a diabetic
crisis); acute severe hypoxia leading to lactic acidosis;
diarrhea; and renal failure. Acute respiratory acidosis
is simply caused by elevations in arterial Paco, due to
hypoventilation and a corresponding drop in arterial
pH (see Chapter 8). Respiratory drive may also be ele-
vated by neurologic disease, cardiac disease, metabolic
disorders, and psychogenic factors, such as pain and
anxiety.

Disease states that may impair ventilatory mechan-
ics (decreased ventilatory capacity) include conditions
that affect ventilatory muscle strength and condi-
tions that decrease lung or chest wall compliance.
Obstructive lung disease (e.g., asthma and COPD) may
impair ventilatory mechanics by increasing the resistive
work of breathing (due to bronchospasm or mucosal
edema) or increasing the elastic work of breathing (due
to lung hyperinflation). The major contributing fac-
tors to the dyspnea experienced by COPD patients are
the combination of increased ventilatory demand and
reduced respiratory muscle function.'>** A patient’s
emotional state and psychological makeup may also
impact the perception of dyspnea, and anxiety, panic
attacks, and psychogenic hyperventilation may cause
dyspnea. In general, reductions in the ability to venti-
late or sustain the desired level of ventilation result in
increasing dyspnea. Table 4-8 lists causes of dyspnea
grouped by physiologic mechanism.

The most common clinical causes of dyspnea are
asthma, COPD, interstitial lung disease, heart dis-
ease, and obesity with deconditioning (Box 4-7).%° In
assessing the specific cause of dyspnea in an individual
patient, the respiratory care clinician should consider
the pace with which dyspnea began, the characteristics
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TABLE 4-8
Causes of Dyspnea

Causes of dyspnea may be grouped into two broad categories:
1. Increased Ventilatory Workload
a. Increased drive to breathe
o Hypoxemia (e.g., { V/Q, T shunt, { Cao,, | Do,)
o Hypercapnia
o Acidosis (e.g., diabetic ketosis, renal failure)
o Lung disease (e.g., “J" receptor stimulation,
hypoxemia)
o Heart disease (e.g., decreased cardiac output,
congestive heart failure, MI)
o Neurologic disease (e.g., head trauma, stroke,
cerebral vascular accident [CVAI, brain tumor)
o Pain
o Anxiety
b. Decreased system compliance
o Decreased lung compliance
o Decreased thoracic (chest wall) compliance
c. Increased resistance
o Increased airway resistance (e.g. bronchospasm,
mucosal edema, secretions)
o Airway obstruction (e.g., laryngeal edema, foreign
body obstruction)
o Artificial airways (e.g., endotracheal or tracheostomy
tube)
d. Exercise or increased level of activity
o Normal exertional dyspnea with vigorous exercise
o Dyspnea with increasing levels of activity in patients
with heart disease, lung disease, or poor physical
conditioning (e.g., obesity, poor physical fitness)
2. Decreased Ventilatory Capacity
a. Neuromuscular disease
b. Ventilatory muscle weakness or fatigue
c. Spinal cord injury
d. Diaphragmatic dysfunction
e. Poor conditioning
f. Obesity
g. Pregnancy
h. Abdominal distension, ascites
i. Partial or complete airway obstruction

Data from: Parshall MB, Schwartzstein RM, Adams L, et al. An official american
thoracic society statement: update on the mechanisms, assessment, and
management of dyspnea. Am J Respir Crit Care Med. 2012;185(4):435-452.
Available at: http://www.thoracic.org/statements/resources/respiratory-
disease-adults/update-on-mamd.pdf

BOX 4-7

Common Causes of Dyspnea

Acute asthma

COPD exacerbation (includes chronic bronchi-
tis and emphysema)

Interstitial lung disease

Myocardial dysfunction

Obesity

Deconditioning

or qualities of the dyspnea, the presence of any accom-
panying symptoms, triggers of the dyspnea, the dura-
tion and character of the dyspnea, and any maneuvers
that relieve or reduce it. For example, dyspnea may
occur only with exertion. In the absence of specific car-
diopulmonary disease, this may suggest poor cardio-
vascular fitness or obesity/deconditioning as the cause.
Dyspnea at rest or on simply standing upright is more
severe and may indicate a more serious condition. The
sudden development of dyspnea in an otherwise healthy
patient generally signals an acute problem, whereas
chronic dyspnea is seen with chronic lung disease and
may progressively worsen over months or years.

The patient’s description of the character or nature
of his or her dyspnea may be useful in identifying
the underlying cause. For example, the sensation of
increased breathing effort or work is associated airway
obstruction, neuromuscular disease, and reduced lung
or chest wall compliance. Air hunger is associated with
an increased drive to breathe as may occur with acute
severe hypoxia or acidosis. The sensation of inability to
get a deep enough breath may be seen in patients with
restrictive lung disease, such as pulmonary fibrosis,
or in cases of dynamic lung hyperinflation, as seen in
COPD or acute asthma. Chest tightness or constriction
is associated with bronchospasm or interstitial edema.
The sensation of suffocation or smothering is associ-
ated with acute pulmonary edema, as well as other
conditions.

Dyspnea may be positional, occurring only when the
patient is lying down (orthopnea). Orthopnea is com-
mon with patients with severe COPD or CHE. PND is
sometimes seen in patients with CHF and is associated
with sleeping in the recumbent position. Trepopnea
refers to dyspnea associated with lying on one side
and may be caused by unilateral lung or chest disease,
such as unilateral pleural effusion or rib fractures.
Platypnea is a less common form of dyspnea in which
the patient becomes more short of breath in the upright
position (the opposite of orthopnea), but improves
when lying down. Platypnea is caused by conditions in
which oxygenation gets worse in the upright position
and improves when lying down (orthodeoxia). Clinical
causes of platypnea include liver disease affecting the
pulmonary vasculature and right-to-left cardiac shunt-
ing that worsens in the upright position.

By asking the patient questions that focus on the
character, pace, duration, triggers, and relievers of
dyspnea, the clinician is often able to clarify the likely
cause. Physical examination, laboratory studies, and
imaging may then help further identify the cause of the
patient’s shortness of breath. For example, the chest
x-ray may identify pulmonary disease, such as pneumo-
nia or interstitial lung disease. Arterial blood gas stud-
ies may show hypoxemia, hypercapnea, and/or
acidosis. Laboratory testing may identify anemia as the
cause of a reduction in oxygen content of the blood.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.


http://www.thoracic.org/statements/resources/respiratory-disease-adults/update-on-mamd.pdf
http://www.thoracic.org/statements/resources/respiratory-disease-adults/update-on-mamd.pdf

Dyspnea

D-dimer laboratory screening may help rule out pul-
monary embolus as the cause of dyspnea. D-dimer is a
substance present in blood after blood-clot breakdown.
This laboratory study is most useful in the assessment
of ambulatory patients in the outpatient setting because
many conditions associated with hospitalization will

increase D-dimer values. In the acute care setting, The MMRC uses a simple grading scale to assess
B-type natriuretic peptide (BNP) or N-terminal prohor- dyspnea:

mone precursor (NTproBNP) laboratory measurement ——
may help in evaluating the patient with acute dyspnea Grade ‘ Description of Breathlessness

BOX 4-8

Modified Medical Research Council (MMRC)
Dyspnea Scale

due to heart failure. BNP is an amino acid associ- 0 | only get breathless with strenuous exercise.

ated with overstretch of the heart. Cardiopulmonary

exercise testing can be especially useful in separating 1 | get short of breath when hurrying on level

chronic problems that are primarily pulmonary or car- ground or walking up a slight hill.

diac in origin or due to deconditioning. 2 On level ground, | walk slower than people of
the same age because of breathlessness, or

Quantification of Dyspnea have to stop for breath when walking at my

It is very helpful to quantify the degree of dyspnea oM Pace:

a patient suffers. Although dyspnea is a subjective 3 | stop for breath after walking about 100 yards

experience that does not necessarily correlate with or after a few minutes on level ground.

the patiept’s physical ap pearance, one ol?jective way 4 | am too breathless to leave the house or | am

to quantify the dyspnea is to ask the patient about breathless when dressing.

activity and any resulting breathlessness, as described

in Table 4-9. Shortness of breath only upon extreme Reproduced from British Medical Journal, Fletcher CM, Elmes PC,

Fairbairn MB, et al., 2, pp. 257-266, Copyright (c) 1959 with

exertion would be described as appropriate dyspnea, permission from BMJ Pullhins@rod 16

whereas dyspnea at rest would be classified as very

severe. The Modified Medical Research Council
Dyspnea Scale (MMRC; see Box 4-8) provides a similar
scale to grade the severity of a patient’s dyspnea based

which the patient becomes short of breath. Dyspnea may on a scale of 0 to .4’ where Ois shortngss of breath only
on extreme exertion and a score of 4 is dyspnea so

then be characterized as follows:
severe that the patient is unable to leave the house. The

Level ‘ Description MMRC can be used with other measures to calculate

the BODE index, where B is body mass index (BMI),

TABLE 4-9
Severity of Dyspnea The severily of a patient’s dyspnea
can be estimated by the associated level of activity at

pproRrits Dﬁpr? ::V)?ceil:errscizgh(/ev.vglfr,] ;eg\:)ergeus);egrté%r;c O is obstruction (as assessed by FEV)), D is dyspnea
exercise) (via the MMRC), and E is exercise (as assessed by the
6-minute walk). The BODE index may be useful in pre-
Mild The patient can keep pace with someone of dicting hospitalization and mortality in COPD patients,

the same age and build on a level surface;
however, not on stairs or inclined surfaces,
such as hills or ramps

where a score of 0 is very good and a maximum score of
7 to 10 is associated with an increased risk of hospital-
ization and death (see Box 4-9).21:22
Moderate The patient can walk a mile at his or her own The modified Borg scale (see Box 4-10) provides a
pace without becoming short of breath; more subjective method of rating a patient’s dyspnea.
however he or she cannot keep pace with a . . .

To use the Borg scale, the patient is asked to describe
normal person on a level surface ) ) . ;

his or her sensation of being short of breath using a

Severe The patient becomes short of breath after scale of 0 to 10 where “none” receives a score of 0 and
walking only about 100 yards on a level “maximal” is scored a 10. The visual analog scale (VAS)
TaEe DRDITIR U stairs provides a similar subjective method of assessing the

Very Severe | The patient is short of breath at rest or with severity of dyspnea. With the VAS, dyspnea is reported
minimal activity as the number of millimeters marked by the patient

to the right of “no shortness of breath” on the scale
Data from: Committee on Rating of Mental and Physical Impairment: guides

to the evaluation of permanent impairment—the respiratory system. JAMA. prov1ded (see Figure 4-1)' The scale. range 1s 0cm (no
1965:194:919-932. shortness of breath) to 10 cm (maximum shortness of

breath).
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BOX 4-9

The BODE Index

The BODE* scale range is from 0 to a maximum of 10 points, where a 10 indicates an increased risk of hospital-
ization and mortality.

Points
Variable
FEV, (% predicted) > 65 50-64 36-49 <35
6-minute walk test (meters) > 350 250-349 150-249 <149
MMRC dyspnea scale 0-1 2 3 4
BMI >21 <21 — —

*B, body mass index (BMI); O, obstruction as assessed by FEV,% predicted; D, dyspnea using the MMRC dyspnea scale; E, exercise as assessed by
distance walked using the 6-minute walk test.

Data from: Celli BR, Cote CG, Lareau SC, Meek PM. Predictors of survival in COPD: more than just the FEV,. Respir Med. 2008;102(Suppl 1):S27-835; Celli
BR, Cote CG, Marin JM, et al. The body-mass index, airflow obstruction, dyspnea, and exercise capacity index in chronic obstructive pulmonary disease. N
Engl J Med. 2004;350(10):1005-1012.

BOX 4-10
The Modified Borg Scale for Evaluation of Dyspnea

Patient instructions: Please rate your shortness of breath using a scale of 0 to 10, where 0 means you have no
shortness of breath and 10 means your shortness of breath is maximal.

Rating Sensation of Shortness of Breath
0 Nothing at all

0.5 Very, very slight (just noticeable)

1 Very slight

2 Slight breathlessness

3 Moderate

4 Somewhat severe

5 Severe breathlessness

6

7 Very severe breathlessness

8

9 Very, very severe (almost maximum)
10 Maximal

Reprinted with permission of the American Thoracic Society. Copyright © 2014 American Thoracic Society. Burdon JGW, Juniper EF, Killian KJ, Hargrave
FE, Campbell EJM. 1982. The perception of breathlessness in asthma. Am Rev Respir Dis 126:825-8. Official Journal of the American Thoracic Society.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



The patient is instructed to indicate how much shortness of breath
he or she is experiencing by marking the line. If the patient is
experiencing no shortness of breath, he or she is instructed to
circle the marker at the left end of the line. The line is constructed
100 mm in length, and the VAS score is recorded as the number
of millimeters marked by the patient to the left of “no shortness

of breath.” The scale range is from 0 mm (no shortness of breath)
to 100 mm (extremely breathless).

Maximum shortness
of breath

No shortness
of breath

FIGURE 4-1 The visual analog scale (VAS).

Data from: Meek PM, Lareau SC. Critical outcomes in pulmonary rehabilitation:
assessment and evaluation of dyspnea and fatigue. J Rehab Res Develop.
2003;40(5):13-24 and College of Nursing, University of New Mexico, Albuquerque,
NM; New Mexico Veterans Affairs Health Care System, Albuquerque, NM.

The University of California, San Diego (UCSD)
Shortness of Breath Questionnaire (SOBQ) is a newer
system for quantifying dyspnea (Table 4-10). The SOBQ
questionnaire has the patient rate his or her shortness

TABLE 4-10

Dyspnea

of breath on 24 different items related to activities of
daily living (ADLs) such as walking, eating, dressing,
and shopping. The resultant scores are summed, and
possible scores range from 0 (no shortness of breath) to
120 (extreme dyspnea). Factors to be considered when
evaluating a patient’s shortness of breath are summa-
rized in Box 4-11.

Treatment of Dyspnea

The treatment of dyspnea should be aimed at the
underlying cause. For example, dyspnea caused by
asthma-associated bronchospasm and mucosal edema
may be relieved by administering inhaled bronchodila-
tors and the use of corticosteroids as anti-inflammatory
agents. Dyspnea due to heart failure may improve with
the administration of diuretics (to get rid of excess fluid
by increasing urine output) and drugs to reduce cardiac
afterload.'* Dyspnea due to hypoxemia with increased
respiratory demand may benefit from oxygen therapy.
Because dyspnea is usually caused by an increase in the
work of breathing, support with noninvasive or invasive

The University of California, San Diego (UCSD) Medical Center Pulmonary Rehabilitation Program Shortness-of-

Breath Questionnaire (SOBQ)

Instructions: For each activity listed below, please rate your breathlessness on a scale between zero (0) and five (5), where O is not
at all breathless and 5 is maximally breathless or too breathless to do the activity. If the activity is one which you do not perform,
please give your best estimate of breathlessness. Your responses should be for an “average” day during the past week. Please respond to

all items.

How short of breath do you get?
1. Atrest
2. Walking on a level at your own pace
3. Walking on a level with others your age
4. Walking up a hill
5. Walking up stairs
6. While eating
7. Standing up from a chair
8. Brushing teeth

9. Shaving and/or brushing hair

10. Showering/bathing

11. Dressing

12. Picking up and straightening

13. Doing dishes

14. Sweeping/vacuuming

15. Making bed

16. Shopping

17. Doing laundry

18. Washing car

19. Mowing lawn

20. Watering lawn

21. Sexual activities

How much do these limit you in your daily life?
22. Shortness of breath

23. Fear of “hurting myself” by overexerting
24. Fear of shortness of breath

To score the SOBQ, sum the responses for all 24 items. Total score range is from 0 to 120 points.

0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 & 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5
0 1 2 3 4 5

Modified with permission from the American College of Chest Physicians: G. Eakin, EG, Resnikoff PM, Prewitt LM, Ries AL, Kaplan RM. Validation of a new dyspnea

measure: The UCSD Shortness of Breath Questionnaire. Chest. 1998;113;619-624.
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BOX4-11

Factors to Be Considered When Taking a
Patient History for Evaluating Dyspnea

1. Onset and duration: Sudden or gradual; per-
sistence; gagging or choking event few days
before onset
2. Pattern
a. Position most comfortable, number of
pillows used

b. Related to extent of exercise, certain
activities, time of day, eating

c. Harder to inhale or exhale

3. Severity: Tiring or fatigue with breathing,
anxiety about getting air
a. Level of activity associated with dys-

pnea (severe exertion, exercise, stairs,
walking, at rest)
b. Extent of activity limitation

4. Associated symptoms: Pain or discomfort
(relationship to specific point in respira-
tory exertion, location), cough, diaphoresis,
swelling of ankles

mechanical ventilation may be necessary while the
underlying cause is being treated.

Pulmonary rehabilitation and exercise training
should be considered for patients with reduced func-
tional capacity and long-standing dyspnea due to
chronic lung disease.'® Pulmonary rehabilitation inter-
ventions are aimed at reducing ventilatory demand and/
or reducing ventilatory workload. Techniques to reduce
ventilatory demand include exercise training, oxygen
therapy, nutritional assessment and intervention, and
inspiratory muscle training. Ventilatory workload may
be reduced by administration of bronchodilators and
anti-inflammatory agents. Lung volume-reduction sur-
gery may be helpful to treat lung hyperinflation and air
trapping in certain patients with severe emphysema.

Although treatment of the cause of dyspnea is the
best approach, it is sometimes not possible to identify
the cause, and dyspnea may persist despite optimal
treatment. Opioid medications, such as morphine,
reduce dyspnea for the short term and should be con-
sidered in the palliative care of severe dyspnea that
does not respond to other treatment. Opioid drugs may
depress ventilation, though this is unlikely with appro-
priate dosing. Table 1-4 (Chapter 1) lists more common
and less common causes of dyspnea to consider in the
differential diagnosis of acute and chronic dyspnea.

Sleep Disorders

The most common sleep disorders are insomnia, sleep
deprivation, excessive daytime sleepiness, circadian
rhythm disorders, restless legs syndrome, and sleep-
related breathing disorders (see Box 4-12). Difficulty
falling asleep (insomnia) or difficulty staying awake in
the daytime affects up to 40% of the adult population in
the United States.”® Sleep disorders can cause memory
problems, slowed responses, and emotional problems.
Drowsiness or falling asleep while driving or operating
machinery can be a cause of serious accidents.

BOX 4-12

Common Sleep Disorders

Insomnia: Difficulty getting to sleep, maintain-
ing sleep, or poor quality sleep.

Sleep-related breathing disorders: Abnormal
breathing during sleep that includes obstruc-
tive sleep apnea (OSA) and central sleep
apnea.

Hypersomnias of central origin: CNS-mediated
excessive daytime sleepiness.

o Narcolepsy: A CNS disorder characterized
by excessive sleepiness and frequent daytime
sleep “attacks”

o Idiopathic hypersomnia: Sleeping too much
without an obvious cause.

o Sleep deprivation: Leads to excessive
sleepiness.

Circadian rhythm sleep disorders: Sleep distur-
bances caused by misalignment between the
subjects’ sleep cycle and the environment due
to such factors as jet lag due to travel across
time zones and rotating shift work.

Parasomnias: Movements, behaviors, or experi-
ences while asleep, including sleep walking,
night terrors, sleep paralysis, or sleep-related
hallucination.

Sleep-related movement disorders: Movements
during sleep such as restless legs syndrome,
periodic limb movements, and teeth
grinding.

Isolated symptoms and normal variants: These
are normal sleep variations and include sleep
starts and talking in one’s sleep.

Other sleep disorders: Includes sleep disorders
due to environmental noise, a restless sleep
partner, or other environmental discomfort.

Data from: Iber C, Ancoli-Israel S, Chesson AL, et al. The
AASM Manual for the Scoring of Sleep and Associated Events.
West Chester, IL: American Academy of Sleep Medicine; 2007.
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As a part of a complete patient history, patients
should be questioned regarding any unusual factors or
difficulties related to their sleep. The simple question
“Are you getting enough sleep?” is a good way to begin
to investigate whether the patient is experiencing sleep-
related problems. Patients may also be questioned as to
whether they experience excessive daytime sleepiness
(drowsiness) or fall asleep during normal daily activities
such as reading, watching television, sitting, or driving,
or if they struggle to stay awake during the day.

Sleep-related breathing disorders include obstructive
sleep apnea, central sleep apnea, and sleep-associated
hypoventilation/hypoxemia. Obstructive sleep apnea
occurs when there is an absence or near absence of
airflow due to airway obstruction accompanied by ven-
tilatory efforts to breathe. Less common is central sleep
apnea, which occurs when both airflow and ventilatory
efforts are absent. Box 4-13 describes the various types
of sleep-related breathing disorders.

Snoring is caused by the movement of air across a
partially obstructed upper airway. Complaints regard-
ing snoring should alert the respiratory care clinician
of the possibility of the presence of obstructive sleep
apnea. Patients should be asked if they snore, and if
so, how often. Snoring that disturbs the patient’s bed
partner tends to be very loud and correlates with the
severity of partial airway obstruction. The patient

BOX 4-13
Sleep-Related Breathing Disorders

Obstructive sleep apnea: Periods of apnea due to
airway obstruction.
Central sleep apnea: Periods of apnea without
respiratory efforts and due to
o CNS disorder
o Medical condition
o Drugs or medications
o Infant sleep apnea
Hypoventilation and hypoxemia associated with
sleep:
o Alveolar hypoventilation due to an unknown
cause (idiopathic alveolar hypoventilation)
« Congenital hypoventilation syndrome
o Hypoventilation and hypoxemia due to heart
or lung disease or other medical condition

Data from: Iber C, Ancoli-Israel S, Chesson AL, et al. The
AASM Manual for the Scoring of Sleep and Associated Events.
West Chester, IL: American Academy of Sleep Medicine; 2007.
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should also be questioned as to whether anyone has
ever noticed that he or she quits breathing during sleep
(sleep apnea). Snoring followed by complete airway
obstruction with resultant apnea that lasts for more
than 10 seconds is a hallmark of obstructive sleep
apnea. Similar to apnea, hypopnea occurs when a
reduction in airflow causes a corresponding decrease in
oxygen saturation. The apnea—hypopnea index (AHI) is
the average number of apnea/hypopnea events per hour
of sleep. An AHI of five or greater is diagnostic of sleep
apnea syndrome in patients with signs or symptoms of
disturbed sleep.?*

Gastroesophageal reflux is a common complaint and
is often most troublesome at night, when the patient is
in the supine position. “Silent aspiration” occurs during
sleep in normal subjects, and this may be exacerbated
with stroke, depressed central nervous system (CNS)
function, or ingestion of sedatives, narcotics or alco-
hol.> Aspiration during sleep may introduce bacteria
or other microorganisms into the respiratory tract and
may lead to pneumonia in at-risk patients.

PND may cause sleep problems due to left-sided
CHF and the resultant increase in pulmonary vascu-
lar fluid and congestion in the recumbent position.
Typically with PND, the patient awakens due to dis-
comfort after 1 to 2 hours of sleep, sits up in bed or
a chair, and finds some relief in the upright position.
PND is caused by the reabsorption of fluid during sleep
and can occur from 1 to 6 hours after retiring at night,
depending on the amount of edema.

Mukerji,*® Chapter 15, describes sleep studies
to evaluate the various forms of sleep disordered
breathing.

Past Medical History

The past medical history should provide an overview
of the patient’s general state of health, past illnesses
(childhood and adult), past accidents or injuries, past
surgical procedures and operations (if any), and any
previous hospitalizations. Immunizations, allergies,
medications, and the results of recent health screen-
ing tests should be reviewed. The past medical history
should also provide a history of any cardiopulmonary
disease (pulmonary disease or cardiac problems), can-
cer, or other major disease the patient may have expe-
rienced. A history of exposure to respiratory infections
(e.g., tuberculosis, influenza) or other related environ-
mental exposures (e.g., dust, fumes, spores) should be
noted. A childhood history of early-life injury to the
airways such as pneumonia, parental smoking, or bron-
chopulmonary dysplasia (a lung disease associated with
premature birth) have all been implicated in the devel-
opment of asthma.' Past cardiopulmonary testing and
results, as well as imaging studies and laboratory test
results, should be included, if available.
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The extent of the past medical history is determined, diabetes and CHF will greatly exceed that of an oth-
in part, by the nature of the illness, the patient’s age, and erwise healthy 22-year-old college student with acute
his or her health history. For example, the past medical bronchitis. Information that should be included in the
history for a 70-year-old COPD patient with comorbid general past medical history is summarized in Box 4-14.
BOX 4-14

Patient History

Items to review in the patient history include:

Chief Complaint (CC)
o Breathlessness o Hemoptysis
o Cough o Wheezing
e Sputum production o Chest tightness

History of the Present lliness (HPI)

Nature of complaint o Severity
Onset e Location
Duration o Progression
Frequency o Treatment

Past Medical History (PMH)

Childhood respiratory and cardiac disease

» Neonatal or infant respiratory disease (e.g., respiratory distress syndrome [RDS] of the neonate, meco-
nium aspiration, bronchopulmonary dysplasia [BPD])

o Congenital cardiac/cardiovascular disease (e.g., aortic valve stenosis, pulmonary valve stenosis, atrial
septal defect, ventricular septal defect, patent ductus arteriosis, tetralogy of Fallot, coarctation of the
aorta)

« Pediatric respiratory disease (e.g., asthma, cystic fibrosis, bronchiolitis, pneumonia, croup, epiglottitis,
pertussis [“whooping cough”], respiratory syncytial virus [RSV])

Other childhood illnesses (e.g., polio, infectious disease [measles, mumps, rubella, chickenpox, rheumatic

fever, scarlet fever, diphtheria], childhood aspiration

Adult respiratory disease (e.g., pneumonia, tuberculosis, asthma, bronchitis, emphysema, COPD, bronchi-

ectasis, upper respiratory tract infection, influenza, pulmonary embolus)

Adult heart disease (e.g., congestive heart failure [CHF], angina, myocardial infarction [MI], cor

pulmonale)

Adult infectious disease (e.g., hepatitis, rheumatic fever, HIV/AIDS)

Adult chronic illness (e.g., diabetes; high blood pressure; neuromuscular disease)

Other adult disease (e.g., cancer, leukemia, stroke, kidney disease, liver disease, anemia, obesity)

Immunizations—polio; diphtheria; pertussis (Td/Tdap); tetanus; influenza; hepatitis A, hepatitis B;

measles, mumps, rubella (MMR); varicella, herpes zoster; pneumococcus, meningococcus, human papil-

lomavirus; travel-related immunizations (typhoid, cholera, yellow fever)

Allergies—drugs, medications, foods, other substances

Medications—dose, frequency, duration; home remedies or nonprescription medications

Recent health screening tests and results—cholesterol, glucose, C-reactive protein (CRP), Pap smear, colo-

noscopy, prostate specific antigen (PSA), mammogram, pulmonary health screens, PPD or other skin tests

(tuberculosis, fungal, sensitivity to diphtheria antitoxin)

Laboratory testing—hematology, blood chemistry, microbiology, urinalysis, spinal fluid, pleural fluid,

sputum, cardiac enzymes

Imaging studies—chest X-ray, CT, MR, ultrasound

Cardiopulmonary diagnostics—pulmonary function testing, ECG, stress testing

Accidents and injuries—thoracic trauma, broken bones, head trauma, other

Hospitalizations—dates, hospital, diagnosis, procedures
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(continued)

Past Medical History

o Operations (surgery)—dates, hospital, diagnosis, procedure, complications

o Pregnancy—to include any complications

o Respiratory care received—oxygen, history of intubation, history of mechanical ventilation, use of metered
dose inhalers (MDI) or aerosolized medication, other

o Psychiatric illnesses or mood disorders—anxiety, depression, other

o Limitations to function or disabilities—ability to perform activities of daily living (ADLSs)

o Names of physicians or other healthcare providers

Social History

o Birthplace

o Place of residence
o Housing

o Education

o Marital status

Family History (FH)

o Relatives and their ages (spouse, parents, children)

o Relatives’ causes of death and age at death

o Smoking

o Alcohol use

o Sexual activity

o Geographic exposure
o Social support

« Family diseases (e.g., heart disease, lung disease, cancer, genetic disease)

o Family support

Occupational History (OH)

o Occupation

o Work environment
o Hours worked

o Work history

Miscellaneous

o Primary care provider
o Access to care (insurance coverage, ability to pay)
o Transportation needs

o Exposure to chemicals, dust, fumes

o Protective devices worn at work

o Military record (dates and location of
assignment)

Data from: Seidel HM, Ball. JW, Dains, JE, Flynn JA, Solomon BS, Stewart RW. Partnership with patients: building a history. In:
Mosby’s Guide to Physical Examination, 7th ed. St. Louis, MO: Mosby Elsevier; 2011:1-31.

When taking the patient’s past medical history,
the interviewer should assess the patient’s ability to
accurately answer specific questions. Family mem-
bers may provide reliable information if the patient is
unconscious, confused, disoriented, or experiencing
cognitive deficits. Past medical information on file may
also be helpful. Language barriers, hearing impairment,
and speech problems can also affect communications.
Cultural differences may impact the patient’s health
history in a variety of ways. For example, beliefs and
practices regarding food and nutrition, use of alter-
native medicines, spiritual practices, and attitudes
toward mental illness may be influenced by cultural
values. Attitudes and values regarding medical care
may be influenced by culture, and disparities in access
to healthcare services exist across different racial, eth-
nic, social, and economic groups. Figure 4-2 provides
a list of interview questions for a general past medical
history.

A past history of chest illness can be useful in
assessing a patient’s current cardiopulmonary status
(see Table 4-11). The patient should be questioned as to
the frequency of chest colds, bronchitis, or pneumonia.
The patient should also be asked if he or she has ever
been told that he or she has any type of heart or lung
disease. In the case of preexisting cardiopulmonary
disease, age of onset, diagnosis, and progression over
time (better or worse) should be ascertained, as well
the effectiveness of treatment and current management
of the condition. Respiratory care—related medications
that the patient may currently be taking or has taken in
the past for breathing should be noted. As noted earlier,
exposure to tuberculosis (TB) or influenza should be
recorded. Ancillary information regarding the patient’s
occupation, hobbies, and leisure activities may be help-
ful in pointing to a specific pulmonary problem.

Careful attention should be given to a history
of emergency care or unscheduled treatment or
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PATIENT INFORMATION

Name: Home Phone:
Address: Daytime Phone:
Date of Birth: E-mail Address:
Sex: [1Male  []Female Religion:

Marital Status: []Single  [1Married []Widowed [ Civil Union  [] Domestic Partnership
Spouse’s Name:

Emergency contact information:

Education: (] High School/GED [ Some College  [JUndergrad [ Post-grad/Doctorate  [] Other
Employer:

Occupation:

Habits (smoking, other tobacco use, alcohol use, coffee/tea; diet, exercise, sleep):

Current medications:

Allergies:

Are you allergic to:

Penicillin? [ Yes [ No
Sulfa drugs? [JYes [JNo
Tetanus antitoxin? [JYes [JNo
Any other drugs or medications? O Yes [ No

If yes, please describe:

Immunizations:

Have you been immunized for or received any of the following vaccines?

Hepatitis A? [1Yes [INo Meningococcal vaccine? [1Yes [ No
Hepatitis B? U Yyes [ No Pertussis vaccine (Td/Tdap)? [1Yes [ No
Herpes zoster? U vYes [JNo Pneumococcal vaccine? [ Yes [ No
Human papilloma virus Polio? [JYes [ No
(HPV, male or female)? [Jyves [JNo Smallpox vaccine? O Yes [ No
Influenza vaccine? [ Yes 1 No Tetanus, diphtheria,

Pertussis (Td/Tdap)? [JYes [ No

Measles, Mumps, . .
Rubella (MMR)? [ %od2 ad JcNe Varicella vaccine? [J Yes [J No

Recent Health Screens:

Have you recent had any of the following health screens or tests?

Blood pressure? [Jyes [ No Obesity (Height, weight, body

Cholesterol? [JYes [No mass index [BMI])? [JYes [ No
Colorectal cancer? []Yes [JNo Prostate (PSA)? [JYes [ No
HIV/AIDS? [Jyes [ No Pulmonary function screening? vyes [No

If yes to any of the above, please provide dates and details:

FIGURE 4-2 Form for general past medical history.
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PAST MEDICAL HISTORY

Cardiac/Cardiovascular:

Have you ever had or been told you had:

Abnormal bleeding? O ves [ONo High blood pressure

Anemia? O Yes O No (hypertension)? O Yes [ No
Angina? [ ves 1 No Irregular heart beat? [ vYes [ No
Blood transfusion? O Yes O No Low blood pressure? O Yes O No
Congestive heart failure? O Yes [ONo Myocardial infarction? O ves [OnNo
Coronary artery disease? O ves [ONo Other blood disease? O ves [OnNo
Heart attack? 0 yves [ONo Other heart disease? O Yes O No
Heart murmur? [ ves O No

If yes to any of the above, please provide dates and details:

Pulmonary:
Have you had or ever been told you had:

Acute bronchitis? O ves [ONo Interstitial lung disease? O ves [OnNo
Asthma? O Yes [ No Lung cancer? O vYes [OnNo
Chest pain? O ves [ONo Other lung disease? O Yes [OnNo
Chronic bronchitis? [ ves 0 No Pleurisy? O Yes O No
COPD? O Yes O No Pneumonia? O Yes [ No
Cough? [ Yes [ No Shortness of breath? [ ves [ no
Emphysema? O ves [ No Sinusitis? [ ves O No
Hay fever? [ vYes O No Tuberculosis? O Yes [ No

If yes to any of the above, please provide dates and details:

Infectious Disease:
Have you ever had:

Alzheimer’s disease? O Yes O No Measles? O ves O No
Bladder infections? Oves ONo Meningitis? OvYes [OnNo
Diphtheria? Oves O No Mumps? OvYes [OnNo
Hepatitis B or C? O ves O No Polio? O Yes O No
Herpes? O Yes O No Rheumatic fever? [ Yes O No
HIV/AIDS? [ ves O No Scarlet fever? O Yes O No
Infectious mononucleosis? Oves O No Sexually transmitted disease (STD)? [ Yes [ No
Malaria? Oves 0O No Shingles? O ves ONo
Whooping cough? [T Yes O No

If yes to any of the above, please provide dates and details:

FIGURE 4-2 (continued)
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Other Disease:
Have you ever had:

Alcoholism? O ves O No Glaucoma? O ves O No
Allergies? O vYes O No Gout? O vYes O No
Anaphylaxis? O Yes [ No Hemorrhoids? O Yes O No
Arthritis? [ vYes [ No Hives or rash? [J ves J No
Back problems? O Yes O No Hypoglycemia? O Yes O No
Bruise easily? O ves O No Kidney problems? O ves O No
Cancer? O ves [ No Leukemia? O ves O No
Chemotherapy? O ves O No Liver disease or yellow jaundice? O ves [ No
Convulsions? O ves O No Nose bleeds? [ ves J No
Diabetes? O vYes [ No Psychiatric care? O Yes [ no
Drug addiction? O ves O No Radiation treatments? [ Yes O No
Epilepsy or seizures? O vYes O No Sickle cell disease? O ves O No
Fainting or dizziness? O ves [ No Stomach/intestinal disease? O ves [ No
Frequent diarrhea? O vYes O No Stroke? O ves O No
Frequent headaches? O ves O No Thyroid disease? O ves O No
Gastroesophageal reflux? O ves O No Ulcer? O ves O No

If yes to any of the above, please provide dates and details:

Surgery or Operations:

Appendix? O ves O No
Breast? O Yes O No
Cardiac Pacemaker? O vYes O No
Coronary artery bypass

surgery? O ves [ No
Coronary angiography? O Yes O No
Gallbladder? O ves Ono
Heart valve replacement? O vYes O No
Hemorrhoids? O ves [ONo
Hernia? O vyes [ONo
Other heart operations? O ves O No
Prostate? O ves O No
Stomach? O ves O No
Thyroid? O ves [ONo
Tonsils? O ves O No
Uterus and/or ovary? [ ves 0 No
Varicose veins? O vyes [ONo

If yes to any of the above, please provide dates and details:

FIGURE 4-2 (continued)
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Accidents or Injuries:

Abdomen? ] Yes ] No
Back? ] Yes ] No
Broken bones? ] Yes [ No
Chest? L] Yes ] No
Head? L] Yes ] No
Motor vehicle accidents with injuries? L] Yes ] No
Other accidents or injuries? ] Yes [J No

If yes to any of the above, please provide dates and details:

FIGURE 4-2 (continued)

hospitalizations related to cardiopulmonary disease. history place the patient at much greater risk for death
An account of any respiratory care received (oxygen, from asthma:'

aerosol medications, etc.) should be included. Prior
intensive care unit (ICU) admissions and any history
of intubation or mechanical ventilation are of particu-
lar interest. For example, in the asthmatic patient any
of the following events as noted in the past medical

m Intubation

m Prior admission to an ICU

m Two or more hospitalizations or three or more
emergency department (ED) visits in the past year

TABLE 4-11

History of Chest lliness

The patient should be asked each of the following interview questions:

1. During the past 3 years have you had chest colds, bronchitis, or pneumonia?
a. None 2 or 3 bouts More than 3 bouts
b. During the past 3 years have any of these kept you off work or in bed for as long as a week?
Yes No
2. Have you ever had or been told that you had:

a. Asthma? Yes No
b. Allergies? Yes No
c. Bronchitis? Yes No
d. Emphysema? Yes No
e. Pneumonia? Yes No
f. Influenza? Yes No
g. Occupational lung disease? Yes No
h. Pneumoconiosis? Yes No
i. Interstitial lung disease (ILD)? Yes No
j. Pleurisy? Yes No
k. Tuberculosis (TB)? Yes No
|. Lung cancer? Yes No
m. Chest injury such as fractured rib or spine? Yes No
n. Pneumothorax? Yes No
0. A chest operation? Yes No
p. A bronchoscopy? Yes No
g. A pulmonary function test? Yes No
r. A heart condition? Yes No
s. A heart operation? Yes No
t. An allergy or reaction to food or drugs? Yes No
u. Chest pain? Yes No
v. Frequent colds? Yes No
w. Sinus infections? Yes No

If “YES” to any of the above, please give details to include dates and details:
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m Use of more than two canisters per month of The impact of a chronic illness on the family,
short-acting bronchodilators finances, and school or work performance should be

® Systemic steroid use explored. School or work days missed due to illness and

m ER visit or hospitalization due to asthma in the any limitation in activity should be assessed. Chronic
last month illness may affect the patient’s psychological, social, and

A summary of the items that should be included in economic well-being and health-related quality of life.

the medical history for an asthma patient is found in
Table 4-12.

TABLE 4-12
Medical History for the Patient with Asthma

A detailed medical history of the new patient who is known or thought to have asthma should address:
Symptoms

e Cough

Wheezing

Shortness of breath

Chest tightness

Sputum production

Pattern of Symptoms

e Perennial, seasonal, or both
e Continual, episodic, or both
e Onset, duration, frequency (number of days or nights, per week or month)
e Diurnal variations, especially nocturnal and on awakening in early morning

Precipitating and/or Aggravating Factors

e Viral respiratory infections

e Environmental allergens, indoor (mold, dust mite, cockroach, animal danger or secretory products) and outdoor (pollen)

e Characteristics of home, including age, location, cooling and heating system, wood-burning stove, humidifier, carpeting over concrete,
presence of molds or mildew, characteristics of rooms where patient spends time (bedroom and living room with attention to bedding,
floor covering, stuffed furniture)

Smoking (patient and others in home or daycare)

Exercise

Occupational chemicals or allergens

Environmental change (moving to new home; going on vacation; and/or alteration in workplace, work processes, or materials used)
Irritants (tobacco smoke, strong odors, air pollutants, occupational chemicals, dusts and particulates, vapors, gases, and aerosols)
Emotions (fear, anger, frustration, hard crying or laughing)

Stress

Drugs (aspirin, nonsteroidal anti-inflammatory drugs; B-blockers, including eye drops; other)

Food, food additives, and preservatives (sulfites)

Changes in weather, exposure to cold air

Endocrine factors (menses, pregnancy, thyroid disease)

Comorbid conditions (sinusitis, rhinitis, GERD)

Development of Disease and Treatment

Age of onset and diagnosis

History of early life injury to airways (bronchopulmonary dysplasia, pneumonia, parental smoking)
Progression of disease (better or worse)

Present management and response, including plans for managing exacerbations

Frequency of using short-acting B-agonists

Need for oral corticosteroids and frequency of use

Family History
e History of asthma, allergy, sinusitis, rhinitis, eczema, or nasal polyps in close relatives

Social History

e Daycare, workplace, and school characteristics that may interfere with adherence
Social factors that interfere with adherence, such as substance abuse

Social support/social networks

Level of education completed

Employment
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TABLE 4-12

Medical History for the Patient with Asthma (continued)

Family History 115

History of Exacerbations

e Usual early signs and symptoms

e Rapidity of onset

e Duration

e Frequency

e Severity (need for urgent care, hospitalization, ICU admission)
¢ Life-threatening exacerbations (intubation, ICU admission)

e Number and severity of exacerbations in the past year

e Usual patterns and management (what works?)

History of Exacerbations

e Usual early signs and symptoms

e Rapidity of onset

e Duration

e Frequency

e Severity (need for urgent care, hospitalization, ICU admission)
¢ Life-threatening exacerbations (intubation, ICU admission)

e Number and severity of exacerbations in the past year

e Usual patterns and management (what works?)

Impact of Asthma on Patient and Family

L]

e Number of days missed from school/work

e Limitation of activity, especially sports and strenuous work
e History of nocturnal awakening
L[]
L]
L]

Impact on family routines, activities, or dynamics
Economic impact

treatment

Economic resources
Sociocultural beliefs

Episodes of unscheduled care (emergency department, urgent care, hospitalization)

Effect on growth, development, behavior, school or work performance, and lifestyle

Assessment of Patient’s and Family’s Perceptions of Disease
e Patient’s, parents’, and spouse’s or partner’s knowledge of asthma and belief in the chronic nature of asthma and in the efficacy of

Patient’s perception and beliefs regarding use and long-term effects of medications
Ability of patient and parents, spouse, or partner to cope with disease
Level of family support and patient’s and parents’, spouse’s, or partner's capacity to recognize severity of an exacerbation

Modified from: National Institutes of Health, National Heart, Lung, and Blood Institute Guidelines for the diagnosis and management of asthma: Expert Panel 3 Report.
(NIH publication). Bethesda, MD: US Department of Health and Human Services; 2007.

Family History

Obtaining a family history is necessary because the
health status of relatives, including parents, siblings,
and grandparents, often plays an important role in
establishing a familial link with hereditary diseases.
Two examples of gender-linked genetic disease are
color blindness and hemophilia, a blood disorder with
impaired blood clot formation and increased risk of
bleeding. If a disease seems to run in the family, some-
times a genetic pedigree diagram is developed. The
pedigree diagram will cover at least three generations
of the family to document the family history of major
health problems that may have a genetic component.
An example of a pedigree diagram for cystic fibrosis is
found in Figure 4-3.

Major diseases that should be included in the fam-
ily history include hypertension, cancer, heart disease,

lung disease (including asthma, COPD, pneumonia, and
TB), diabetes, stroke, kidney disease, thyroid problems,
and Alzheimer disease.” The list of cardiopulmonary
diseases with a hereditary association is extensive, and
the family history should include questions regard-

ing blood relatives who may have had heart or lung
problems. Asthma, cystic fibrosis, and panlobular
emphysema caused by an alpha-1 antitrypsin deficiency
are notable pulmonary diseases with a hereditary dis-
position. A family history of asthma, allergy, sinusitis,
rhinitis, eczema, or nasal polyps in close relatives is
common in asthmatics.”® Less-common genetic lung
diseases include primary ciliary dyskinesia (Kartagener
syndrome) and Niemann-Pick disease, a fatal meta-
bolic disorder that affects the lungs, liver, spleen, bone
marrow, and brain. Cardiovascular diseases that have

a genetic component include congenital heart disease,
hypertension, coronary artery disease, MI, and CHF.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



116 CHAPTER 4 Patient History
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FIGURE 4-3 Pedigree charts. (A) Pedigree chart symbols. (B) Example of a three-generation pedigree chart for an autosomal recessive

genetic condition, such as cystic fibrosis.

Data from: Seidel HM, Ball JW, Dains JE, et al. Recording information. In: Mosby’s Guide to Physical Examination. St. Louis, MO: Mosby-Elsevier; 2011: 792-813.

Genetically associated neuromuscular diseases that
may affect patients’ ability to breathe include amyo-
trophic lateral sclerosis (ALS or Lou Gehrig disease)
and Duchenne muscular dystrophy.

For infectious diseases, the nuclear family is typi-
cally the focus of the family history. Pneumonia and
tuberculosis are infectious diseases that often spread
via contact with immediate family members.
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Personal and Social History

Items that are included in an in-depth personal and
social history are outlined in Box 4-14 and include
personal status, habits, self-care, sexual history, home
conditions, occupation, environment, military record,
religious and cultural preferences, and access to care.”®
Items included in the patient’s personal and social
history will vary, depending on the possible impact
specific items may have on health. In addition to the
demographic data already collected, the interviewer
may wish to inquire about the patient’s cultural and
ethnic background, religion, spiritual needs, and any
religious prohibitions regarding healthcare.”” Economic
resources, availability of transportation, and type of
health insurance coverage may influence the patient’s
access to care.

The patient’s emotional state may serve as a pre-
cipitating or aggravating factor with lung disease,
such as COPD or asthma. Fear, anger, frustration, or
sources of stress should be investigated. In addition,
the interviewer may wish to inquire about the home
environment (living conditions, number of occupants,
pets) and neighborhood of residence (see below). Social
and family support may be an important factor in the
patient’s ability to cope with the problems associated
with illness. In patients with asthma, daycare, school,
or workplace issues that make medication compliance
more difficult should be noted.

Items included in the patient’s personal and social
history will vary depending on the possible impact
specific items may have on health. Nutrition, diet,
and eating patterns may also impact overall health.
Consumption of tea, coffee, alcohol, and use of tobacco
products should be determined. The personal and
social history should also incorporate habits such as
use of tobacco, alcohol, or illicit drugs. Substance abuse
can pose serious health threats as well as interfere with
a patient’s compliance with a treatment or monitor-
ing regimen. Alcohol dependence and abuse is a major
health problem that affects about 17 million people in
the United States.” Major organs that may be dam-
aged by alcohol included the liver, pancreas, heart,
brain, and bone.?’ Cardiovascular complications of
alcohol abuse include hypertension, cardiomyopathy,
stroke, and arrhythmias.” Alcohol abuse markedly
increases the risk of accidents, trauma, violence, and
suicide. Alcoholics are prone to the development of
aspiration pneumonia, as well as many other health
problems. Other commonly abused drugs include
sedative-hypnotics (tranquilizers, barbiturates), opioid
and morphine derivatives (heroin, codeine, oxycodone),
stimulants (amphetamine, cocaine), and cannabinoids
(marijuana, hashish). Sedative-hypnotic drugs and the
opioids are CNS depressants, and an overdose may
result in respiratory depression and apnea. Tobacco,
marijuana, and cocaine use are discussed in the follow-
ing sections.

Smoking History

Smoking History

In 1964, the U.S. Surgeon General’s report entitled
Smoking and Health: Report of the Advisory Committee
to the Surgeon General held cigarette smoking respon-
sible for a 70% increase in the mortality rate of smokers
over nonsmokers.*® The report described the adverse
health consequences of tobacco use and identified
smoking as the cause of lung cancer and chronic bron-
chitis. The report also highlighted the correlation
between smoking, emphysema, coronary heart disease,
and low-birth-weight babies born to mothers who used
tobacco during pregnancy.®

Currently, the adverse health effects of cigarette
smoking in the United States account for nearly 20%
of all deaths (> 443,000 deaths/year due to smoking).*
For people with COPD, about 90% of deaths are smok-
ing related, and smoking causes 80% of all lung cancer
deaths in women and 90% of all lung cancer deaths
in men.* Smokers have a marked increase in the risk
of coronary heart disease and stroke, and smoking
causes many other types of cancer, including cancers
of the mouth, pharynx, larynx, esophagus, stomach,
pancreas, kidney, and bladder. Smokers also are at risk
for developing more severe disease in the presence of
coal miner’s pneumoconiosis (CWP) and asbestosis.
Although cigarette smoking is the primary cause of
COPD, it should be noted that only about 20% of smok-
ers develop clinically significant COPD.** Box 4-15
summarizes the adverse health effects of smoking.

Tobacco History

Because of the profoundly negative effects of smoking
on health and the corresponding benefits of smok-

ing cessation, the smoking history is an essential part
of the patient interview. The first patient interview
question related to smoking history is “Have you ever
smoked tobacco?” This should be followed by a series
of questions to determine the nature of the patient’s
tobacco use, amount consumed per day, number of
years smoked, and current tobacco use status (see
Table 4-13). The patient should be questioned about
the use of cigarettes, pipes, cigars, and other tobacco
products. For cigarettes, the number of years smoked
and the number of packs smoked per day are often
multiplied to create a measure called “pack years.” For
example, a pack per day smoked for 1 year is: 1 pack/
day x 1 year = 1 pack year. As an alternative to the use
of pack years, some interviewers prefer to ask patients
how many cigarettes per day they smoke. Any previ-
ous attempts to quit smoking should be noted and the
method used, such as “cold turkey” or a formal smoking
cessation program. The use of any smoking cessation
aids such as nicotine patches, nicotine gum, other med-
ications or counseling should be noted. The respiratory
care clinician should also ask patients who continue to
smoke if they are willing to give quitting a try.
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BOX 4-15
The Adverse Health Effects of Tobacco Smoking

Smoking accounts for nearly one of every five deaths each year in the United States.
More deaths are caused by tobacco use than by all deaths from human immunodeficiency virus (HIV), illegal
drug use, alcohol use, motor vehicle injuries, suicides, and murders combined.
Smoking causes:
o COPD: 90% of all deaths from COPD are due to smoking
o Cancer:
o Oral cavity (mouth cancer)
o Pharynx (throat cancer)
o Lung cancer:
o 90% of all lung cancer deaths in men are due to smoking
o 80% of all lung cancer deaths in women are due to smoking
o Acute myeloid leukemia
« Bladder cancer
« Cancer of the cervix
» Cancer of the esophagus
o Kidney cancer
o Cancer of the larynx (voice box)
o Pancreatic cancer
o Stomach cancer
o Coronary heart disease (the leading cause of death in the United States)
o Reduced circulation
o Abdominal aortic aneurysm
Smoking increases the risk of:
o Coronary heart disease by 2 to 4 times
o Stroke by 2 to 4 times
o Men developing lung cancer by 23 times
o Women developing lung cancer by 13 times
o Dying from COPD by 12 to 13 times
Smoking has adverse reproductive and early childhood effects, including increased risk for:
o Infertility
o DPreterm birth, still birth, and low birth weight
o Sudden infant death syndrome (SIDS)
Smoking has adverse effects on women’s’ health:
o Postmenopausal women who smoke have lower bone density
o Women who smoke have an increased risk for hip fracture.
Secondhand smoke has similar effects as smoking itself.

Modified from: Centers for Disease Control and Prevention. Health effects of smoking. http://www.cdc.gov/tobacco/data_
statistics/fact_sheets/health_effects/effects_cig_smoking/.

Public health efforts over the past 48 years have exposure to secondhand smoke. All of these efforts
been effective in educating the public about the haz- have had an impact on both the perception and practice
ards of cigarette smoking. Studies also demonstrate of tobacco smoking in the United States. Because of
a significant health risk from secondhand smoke and embarrassment or the desire to please their healthcare
a history of exposure to secondhand smoke should provider, patients may underreport current tobacco use.
also be obtained. Increased taxation of cigarettes; Inspection of the patient’s fingers for nicotine stains
smoke-free zones, including workplaces, airports, may help identify continuing smokers. Measurement
and airplanes; and laws banning smoking in many of blood carboxyhemoglobin levels via co-oximetry
public places have reduced tobacco consumption and or measurements of urinary cotinine (a longer-lasting
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TABLE 4-13
Smoking and Tobacco Use Interview Questions

Please check the correct response or fill in the requested information:

A. Have you ever smoked cigarettes? Yes No
If “Yes™:

1. How old were you when your first started smoking?

2. How many total years have you smoked?

3. What is the average number of packs of cigarettes you smoked (or continue to smoke) per day?

4. Have you stopped smoking? Yes No
a. If “Yes,” how long has it been since you stopped smoking?
b. If “No,” have you ever tried to quit smoking? Yes No
c. Would you like to try and quit smoking? Yes No
B. Have you ever smoked cigars regularly? Yes No
If “Yes":

1. How many years?
2. How many cigars per day?

3. Do you still smoke cigars? Yes No
4. Do you (did you) inhale? Yes No
5. Have you stopped smoking cigars? Yes No
If “Yes,” how long has it been since you stopped smoking cigars?

C. Have you ever smoked a pipe regularly? Yes No
If “Yes™

1. How many years?
2. How many pipefuls a day?

3. Do you still smoke a pipe? Yes No
4. Do you (did you) inhale? Yes No
5. Have you stopped smoking a pipe? Yes No
If “Yes,” how long has it been since you stopped smoking a pipe?
D. Have you ever used, or do you now use any of the following tobacco products? Yes No
1. Snuff (such as Skoal or Copenhagen)? Yes No
2. Chewing tobacco? Yes No
3. Other tobacco products? Yes No
If “Yes,” please describe:
E. Does anyone smoke cigarettes, cigars, or pipes anywhere inside your home? Yes No
If “Yes,” please describe:
F. Have you ever smoked marijuana? Yes No
If “Yes”™:
1. How long?
2. How many times per week?
3. Have you stopped smoking marijuana? Yes No
If “Yes,” how long has it been since you stopped smoking marijuana?
G. Have you ever smoked any other recreational drugs, such as crack cocaine? Yes No
If “Yes”:
1. What drug(s)?
2. How long?
3. How many times per week?
4. Have you stopped smoking? Yes No

If “Yes,” how long has it been since you stopped smoking?

Data from: National Institutes of Health, National Heart, Lung, and Blood Institute Guidelines for the Diagnosis and Management of Asthma: Expert Panel 3 Report.
(NIH publication). Bethesda, MD: US Department of Health and Human Services; 2007.

metabolite of nicotine) may also help identify “hidden” report that they want to quit.*? Quitting, however, can
smokers. be very difficult, and only about 4% to 7% of smokers

i : are successful on any given attempt in quitting without
Smoking Cessation assistance.*®?* Most cigarette smokers who are able to
Although the rate of cigarette smoking in the United quit successfully do so without using a formal smok-
States has declined significantly since the 1964 Surgeon  ing cessation program.**** The use of evidence-based
General’s report on smoking and health, about 19% of smoking cessation treatments can increase cessation
U.S. adults continue to smoke (based on 2010 data), success rates two- to threefold to a success rate of
and over a billion people smoke tobacco worldwide.® about 10% to 26%.*-* Box 4-16 summarizes effective,
Almost 70% of adult smokers in the United States evidence-based smoking cessation techniques.
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BOX 4-16

Effective Smoking Cessation Techniques

The majority of cigarette smokers who quit do so without using smoking cessation treatments. However, the
following evidence-based treatments are proven effective and may increase success rates substantially.
Advisement, assistance, counseling, and behavioral therapy:
o Brief clinical interventions: Clinician takes < 10 minutes to deliver advice and assistance about quitting.
o Counseling: Individual, group, or telephone counseling.
o Behavioral cessation therapies: Training in problem solving.
o Treatments with more person-to-person contact and intensity: More time with counselors.

Medications:
o Nicotine replacement products

o Over-the-counter (nicotine patch, gum, lozenge)

« Prescription (nicotine inhaler, nasal spray)
e Prescription non-nicotine medications:

« Bupropion SR (Zyban)

o Varenicline tartrate (Chantix)

The combination of medication and counseling is more effective for smoking cessation than either medication

or counseling alone.

Data from: Centers for Disease Control and Prevention. Smoking Cessation and Interventions Fact Sheet. Available at: http://
www.cdc.gov/tobacco/data_statistics/fact_sheets/cessation/quitting/index.htm; Tobacco Use and Dependence Guideline Panel.
Treating tobacco use and dependence: 2008 update. Rockville (MD): US Department of Health and Human Services; 2008 May.

http://www.ncbi.nlm.nih.gov/books/NBK63952/

The first step in successful smoking cessation inter-
vention is to identify all current tobacco users.***
Interview questions regarding a patient’s smoking his-
tory are found in Table 4-13.

The recommended approach to smoking cessation
can be summarized as ask, advise, assess, assist, and
arrange, which is outlined in Table 4-14.3%3> The respi-
ratory care clinician should ask every patient about
tobacco use and document tobacco use status at every
visit.?*** The respiratory care clinician should then
advise all tobacco users to quit. Next, the clinician
should assess the willingness of all tobacco users to
make a quit attempt.>** The respiratory care clinician
should then assist willing patients by offering to pro-
vide medication and counseling. The clinician should
then arrange for appropriate follow-up to begin within
the first week of the quit date.?**

As noted, the respiratory care clinician should ask
every patient about tobacco use and document tobacco
use status for every patient at every visit. Patients who
continue to smoke should be advised to quit using
clear, strong, and personalized language. An assess-
ment should be made as to the patient’s willingness to
quit. Assistance is then provided to willing patients
to include help with the development of a quit plan,

practical counseling to solve problems, and assis-
tance in obtaining family and social support (see
Table 4-14).*° The most successful smoking cessation
programs include both counseling and medication.
Nicotine is highly addictive, and nicotine replacement
therapy in the form of gum, lozenges, nasal sprays,
nicotine inhalers, or transdermal skin patches can help
ease withdrawal symptoms. Bupropion SR (Zyban) is a
non-nicotine atypical antidepressant that reduces the
cravings and other withdrawal symptoms associated
with smoking cessation. Bupropion for smoking cessa-
tion is typically prescribed in a stepwise fashion, start-
ing with a 150 mg sustained-release tablet taken once
per day for the first 3 days. The dose is then increased
to 300 mg per day taken as two doses of 150 mg each
separated by at least 8 hours. Treatment should begin
about 1 week before the patient’s actual smoking quit
date and then continue for 7 to 12 weeks. Generally, if
patients have not successfully quite smoking by week
7, the medication should be discontinued, as success
is unlikely. Varenicline tartrate (Chantix) is another
medication used as therapy for smoking cessation.
Varenicline tartrate is a nicotinic receptor partial ago-
nist that reduces nicotine withdrawal symptoms (see
Clinical Focus 4-1).
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TABLE 4-14
The 5 A's for Treating Tobacco Dependence

1. Ask about tobacco use.
¢ |dentify and document tobacco use status for every patient at every visit.
2. Advise tobacco users to quit. Be clear, strong, and personalized; urge every tobacco user to quit.
e Clear: “It is important that you quit smoking (or using other tobacco products) now, and | can help you.”
e Strong: “As your clinician, | need you to know that quitting smoking is the most important thing you can do to protect your health now
and in the future. We (staff) will help you.”
e Personalized: Link tobacco use to current symptoms and health concerns. For example, “Continuing to smoke makes your asthma
(or COPD) much worse. Quitting may dramatically improve your health.”
3. Assess willingness to quit. Assess every tobacco user’s willing to make a quit attempt at each new patient encounter. Ask the patient
“Are you willing to give quitting a try?”
4. Assist in quit attempt. If the patient is willing to make a quite attempt, offer medication and provide or refer for counseling or additional
treatment to help the patient quit.
e Help the patient make a quit plan:
o Set a quit date, usually within 2 weeks.
o Tell family, friends and coworkers about quitting and request understanding and support.
o Anticipate challenges to the upcoming quit attempt, especially during the critical first few weeks. These include reviewing nicotine
withdrawal symptoms:
e Symptoms may include irritability, anxiety, depression, difficulty concentrating, weight gain, restlessness, and impatience.
e Assure the patient that the withdrawal symptoms will subside, though they may last for several weeks.
o Remove tobacco products from environment.
o Prior to quitting, avoid smoking in places were a great deal of time is spent such as work, home, or car. Make the home
smoke-free.
e Recommend the use of approved medication (pharmacotherapy), unless contraindicated or insufficient evidence of effectiveness
(e.g., pregnant women, smokeless tobacco users, light smokers, adolescents).
e Provide practical counseling (e.g., problem-solving and skills training).
o Stress abstinence. No smoking, not even a single puff, after the quit date.
o Review past quit experience. Identify what helped and what hurt in previous attempts to quit.
o Anticipate triggers and challenges and discuss how the patient will successfully overcome them.
e Avoid triggers.
e Alter routines.
Review relationship of alcohol to tobacco use.
e Limit or abstain from alcohol use while quitting.
Point out that having other smokers in the home will increase the difficulty.
e Encourage housemates to quit with the patient.
e Provide treatment and social support in the clinical environment.
o Provide a supportive clinical environment.
o Inform patient that staff are available to assist him or her.
e Help obtain extra treatment, social support.
¢ Help obtain patient—environment support from family, friends, and coworkers.
e Provide supplementary materials, including information on quitline telephonic services:
o Sources: Organizations that promote smoking cessation, including federal, state, and nonprofit organizations.
o 1-800-QUIT-NOW.
o Materials should be appropriate for the patient, in relation to culture, race, education, and age.
o Location: Materials should be readily available at every clinician’s workstation.
5. Arrange follow-up. Schedule follow-up contacts in person or via telephone.
e Timing:
o Follow up within the first week of the quit date.
o Follow up again within the first month.
o Schedule further follow-up contacts, as needed.
e Actions during follow-up:
Review.
Stress abstinence.
Identify problems already encountered and anticipate challenges in the immediate future.
Assess medication use and problems.
Remind patients of quitline support (1-800-QUIT-NOW).
Congratulate abstinent patients on their success.
If tobacco use has occurred, review circumstances and elicit recommitment to total abstinence.
e Remind the patient that a lapse is a learning experience.
e Consider increased intervention when necessary.

o

o

O 0O 0O 0O 0 O O

(continues)
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TABLE 4-14
The 5 A's for Treating Tobacco Dependence (continued)

If patient is not willing to quit, the clinician should ask patient to identify negative consequences of smoking and highlight those most
relevant to the patient.
e Emphasize that low-tar, low-nicotine, and other forms of tobacco do not eliminate risk.
e Acute risks:
o Shortness of breath.
Exacerbation of asthma.
Harm in pregnancy.
Impotence.
Infertility.
Increased serum carbon monoxide.
ong-term risks:
Heart attack.
Stroke.
Cancer: Lung, larynx, oral cavity, pharynx, esophagus, pancreas, bladder, cervix.
COPD.
o Long-term disability.
e Environmental risks (secondhand smoke, other):
o Increased risk of lung cancer and heart disease in spouse.
o Higher rate of smoking among children of tobacco users.
o Increased risk of low birth weight, sudden infant death syndrome, asthma, middle ear disease, and respiratory infections in children of
smokers.

L]
0O 0O 0 Or—-—o o o oo

Modified from: Fiore, MC, Bailey WC, Cohen SJ, et al. Treating tobacco use and dependence. Clinical Practice Guideline. Rockville, MD: U.S. Department of Health
and Human Services. Public Health Service. June 2000. Available at http://www.surgeongeneral.gov/tobacco/tobagrg.htm; and Marlow SP, Stoller JK. Smoking
cessation. Respir Care. 2003;48(12):1238-1254.

Follow-up care should occur within the first week identify current and potential problems, stress the need
of the quit date, with follow-up again within the first for continued abstinence, and assess pharmacotherapy
month.*** At each follow-up session, the respira- provided. If a patient has used tobacco, the clinician
tory care clinician should review how the patient is should review the circumstances, elicit a recommit-
doing and offer congratulations for his or her continu- ment to total abstinence, and consider more intensive
ing efforts. The clinician should also help the patient treatment.>*3

CLINICAL FOCUS 4-1

Smoking Cessation

Upon patient interview, the respiratory care clinician finds that the patient has smoked for 30 years, starting smok-
ing at age 16. The patient typically smokes two packs of cigarettes per day and has a chronic cough, with about

a tablespoon of sputum or produced per day. The clinician advises the patient that she must quit smoking and
informs the patient of the consequences of not quitting. The patient states that she wants to quit smoking, but that
she has been unsuccessful in past attempts to quit. What should the clinician now do?

The clinician has completed the first three A’s of smoking cessation: ask, advise and assess. The patient seems
ready to stop smoking. The next steps are to assist the patient in the quit attempt and to arrange for follow-up care.
Assistances should include helping the patient to develop a quit plan and providing recommendations of approved
medications (see Table 4-15). One medication that may be useful is varenicline tartrate (Chantix). Medication
should be started 1 week before the set quit date and continued as follows:

» Starting week: 0.5 mg once daily on days 1 through 3 and 0.5 mg twice daily on days 4 through 7.

» Continuing weeks: 1 mg twice daily for a total of 12 weeks.

+ An additional 12 weeks of treatment is recommended for those who are successful to increase likelihood of

long-term abstinence.

Dose should be reduced in patients with renal impairment and in patients who cannot tolerate adverse effects.

Practical counseling should be provided, as well as treatment and social support in the clinical environment.

Last, the respiratory care clinician should arrange for follow-up care (see Table 4-14).
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The Five R’s of Cessation Motivation:
Relevance, Risks, Rewards, Roadblocks,
and Repetition

For patients who are not ready to quit smoking, the
respiratory care clinician should employ the five R’s for
motivating patients to quit smoking (Table 4-15).3%3>

Smoking History

importance of quitting in terms that are personally rel-
evant. For example, it may be important for patients to
live longer, have a better quality of life, save money cur-
rently being spent on tobacco products, or to reduce the
harmful effects of secondhand smoke on their spouses
or children.

Next, the clinician should ask the patient to identify

To begin, the clinician should ask the patient about the the risks (negative consequences) of continued tobacco

TABLE 4-15
The 5 R’s for Motivation for Smoking Cessation

1. Relevance
e Encourage the patient to indicate why quitting is personally relevant.
e Be as specific as possible.
¢ Motivational information has the greatest impact if it is relevant to a patient's:

o Disease status or risk.

o Family or social situation (e.g., having children in the home).

o Health concerns.

o Age or gender.

e Qther important consideration (e.g., prior quitting experience, personal barriers to cessation).
2. Risks
e Ask the patient to identify potential negative consequences of tobacco use.
e Suggest and highlight those that seem most relevant to the patient.
e Emphasize that smoking low-tar/low-nicotine cigarettes or use of other forms of tobacco (e.g., smokeless tobacco, cigars, and
pipes) will not eliminate these risks.
e Examples of risks include:

o Acute risks: Shortness of breath, exacerbation of asthma, increased risk of respiratory infections, harm to pregnancy, impotence,
and infertility.

o Long-term risks: Heart attacks and strokes, lung and other cancers (e.g., larynx, oral cavity, pharynx, esophagus, pancreas,
stomach, kidney, bladder, cervix, and acute myelocytic leukemia), COPD (chronic bronchitis and emphysema), osteoporosis, long-
term disability, and need for extended care.

o Environmental risks: Increased risk of lung cancer and heart disease in spouses; increased risk for low birth-weight, sudden infant
death syndrome (SIDS), asthma, middle ear disease, and respiratory infections in children of smokers.

3. Rewards
e Ask the patient to identify potential benefits of stopping tobacco use.
e Suggest and highlight those that seem most relevant to the patient such as:
o Improved health.
Food will taste better.
Improved sense of smell.
Saving money.
Feeling better about oneself.
Home, car, clothing, breath will smell better.
Setting a good example for children and decreasing the likelihood that they will smoke.
Having healthier babies and children.
Feeling better physically.
Performing better in physical activities.
o Improved appearance, including reduced wrinkling/aging of skin and whiter teeth.
4. Roadblocks
e Ask the patient to identify barriers or impediments to quitting.
e Provide treatment (problem-solving counseling, medication).
e Barriers might include:
o Withdrawal symptoms
Fear of failure
Weight gain
Lack of support
Depression
Enjoyment of tobacco
o Being around other tobacco users
5. Repetition
e Motivational intervention should be repeated every time an unmotivated patient visits the clinical setting.
e Those who have previously failed are told that most people make repeated quit attempts before they are successful.

0O 0O 0O 0O 0O 0 0 0 ©°

0O 0O 0O 0 o

Modified from: Tobacco Use and Dependence Guideline Panel. Treating tobacco use and dependence: 2008 update. Rockville, MD: U.S. Department of Health and
Human Services; 2008. Available at: http://www.ncbi.nlm.nih.gov/books/NBK63952/.
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use.*»% Examples include increasing shortness of
breath, development or worsening of COPD, exacerba-
tion of asthma, loss of lung function, and/or elevated
blood levels of carbon monoxide. Other negative con-
sequences of smoking include increased risk of cancer,
heart attack, and stroke.**** For women who are preg-
nant or plan to become pregnant, smoking reduces the
weight of newborn babies. Patients should be told that
complete abstinence from smoking is required and that
low-tar, low-nicotine, and other forms of tobacco do not
eliminate risk.** As noted earlier, cigarette smoking
is the primary cause of COPD, and smoking cessation
is the most effective means of stopping the progression
of the disease. Figure 4-4 illustrates the loss of lung
function (as assessed by FEV ) over time in susceptible
smokers, as well as the benefits of smoking cessation.

Following a review of the negative consequences of
smoking, the clinician should then ask the patient to
identify the most important rewards (positive conse-
quences) he or she associates with quitting.?*** These
may include improved overall health and physical
condition, higher self-esteem, and improved overall
appearance. Other benefits may include improved abil-
ity to taste food and improved sense of smell; improve-
ment in the smell of the home, car, clothing, and breath;
reduced wrinkling and aging of skin; and whiter teeth.*
Some patients may value setting a good example for
their children, reducing the chance their children will
smoke or eliminating the negative health effects (and
associated worry) of smoking on family and friends.

Roadblocks or barriers to success are then identified
and discussed. These may include withdrawal symp-
toms, fear of failure, fear of weight gain, and depression.
Other barriers to success may include the enjoyment of

100 Never smoked or not susceptible | l
to smoke

~
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Smoked regularly and ===~ L

susceptible to its effect Teell Stopped age 45

Disability L
'~,’Stopped age 65

Death 3] 3
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o

25 50 75
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FIGURE 4-4 Decline in FEV, in susceptible smokers in
comparison with a normal subject who has never smoked or
a smoker who is not susceptible to the effects of smoking

on lung function. Smoking cessation does not restore lost lung
function in the susceptible smoker; however, it does reduce the rate
of decline.

Reproduced from: 36 Tobacco Use and Dependence Guideline Panel. Treating
Tobacco Use and Dependence: 2008 Update. Rockville (MD): US Department of
Health and Human Services; 2008 May. http://www.ncbi.nlm.nih.gov/books
/NBK63952/

smoking, lack of family and social support, and being
exposed to other smokers. Discussion and counseling
should include methods to deal with these roadblocks.

The motivational intervention (the five R’s) should be
respectfully repeated at every patient visit. Motivational
interviewing strategies may be effective. These gen-
erally include expressing empathy with the patient
while pointing out discrepancies between the patient’s
behavior and expressed priorities, goals, ambitions, and
fears regarding his or her own health and the impact of
continuing to smoke on others. The respiratory care cli-
nician should avoid conflict and maintain a supportive,
but firm, approach regarding the need for the patient to
quit smoking.

To summarize, tobacco dependence is a chronic
disease that often requires repeated intervention and
multiple attempts to quit. The respiratory care clini-
cian should ask every patient if he or she uses tobacco,
advise patients to quit, and assess the patient’s will-
ingness to make a quit attempt. For those patients
willing to make a quit attempt, the clinician should
assist in the quite attempt and arrange for follow-up.
The respiratory care clinician should discuss the risks
of continuing to smoke and the benefits of quitting.
Successful smoking cessation programs include an
individualized patient evaluation, patient-specific coun-
seling and education, medication therapy, follow up and
relapse prevention. According to Marlow and Stoller:

one of the most effective behavioral interventions
is advice from a healthcare professional; it seems
not to matter whether the advice is from a doctor,
respiratory therapist, nurse, or other clinician,

so smoking cessation should be encouraged by
multiple clinicians. However, since respiratory
therapists interact with smokers frequently, we
believe it is particularly important for respiratory
therapists to show leadership in implementing
smoking cessation.**

Inhalation of lllicit Drugs

Another widespread smoking problem in terms of lung
disease is the use of marijuana. Similar to tobacco
smoking, marijuana smoking is associated with the
development of chronic cough, sputum production,
wheeze, and an increase in pulmonary infections
such as acute bronchitis.*»*?> Marijuana smoke con-
tains carcinogens, although the link between mari-
juana smoking and cancer has not been established.*?
Cardiovascular effects of marijuana include increased
heart rate, palpitations, arrhythmia, and an increased
risk of heart attack in the first hour after use.*?

The smoking of crack cocaine has been associated
with the development of cough, dyspnea, hemoptysis,
airway burns, and other acute respiratory symptoms.
Cocaine intoxication may cause irritability, restlessness,
anxiety, sweating, and even severe psychosis. Intranasal
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use may cause problems with swallowing, hoarseness,
and nosebleeds.*® Cardiovascular effects associated
with acute cocaine intoxication include tachycardia,
elevated blood pressure, cardiac ischemia, substernal
chest pain, and the possible development of a myocar-
dial infarction.

Because of the adverse health effects of smoking
or inhaling illicit drugs, the respiratory care clini-
cian should ask patients about drug use. If the patient
admits using marijuana or cocaine, the clinician should
inquire about the amount and frequency of drug use
and describe the risks of continued use and the ben-
efits of quitting. For those patients who are willing to
try and quit, the clinician should offer assistance and
follow-up care.

Occupational and Environmental
History

A large number of lung diseases are associated with
environmental conditions or specific occupations.
Patients should be questioned regarding occupational
exposure and environmental factors associated with
the development of lung disease.

Environmental History

Geographic location, environmental exposure to conta-
gious diseases, travel, and the home and work environ-
ment can all have an impact on the development and
course of cardiopulmonary disease. School, work, and
home environmental conditions that may affect health
include the age, condition, and location of the home;
cooling and heating systems; availability of safe places
to exercise; and access to transportation, grocery shop—
ping, healthcare, and work. In the context of asthma,
questions regarding exposure to dust mites, cock-
roaches, pollen, pets, or animal danders may help to
identify specific asthma triggers. Presence of molds or
mildew, use of a wood-burning stove, use of a humidi-
fier in the home, type of bedding used, stuffed furni-
ture, Carpeting over concrete, tobacco smoke, strong
odors, and other irritants may all contribute as aggra-
vating or precipitating factors for asthma exacerbation.
Changes in the weather or exposure to cold air may
also be precipitating factors for acute asthma.

Any recent environmental changes should be noted,
such as a new job, moving to a new house, or a recent
vacation that may expose the patient to things that pre-
cipitate or aggravate cardiopulmonary disease.

Travel History

Travel to or residence in undeveloped parts of the world
or the tropics may result in exposure to infectious
diseases that are less common in the United States.

For example, typhoid fever is a serious health threat
endemic to certain parts of Asia, Africa, and Latin

Occupational and Environmental History

America. Cases seen in the United States are usually
travel-related. Typhoid fever is typically contracted
from food or water contaminated with Salmonella
typhi bacteria, although direct contact with an infected
person can transmit the disease.** Signs and symptoms
of typhoid fever include very high fever, fatigue and
weakness, headache, sore throat, abdominal pain, rash,
and diarrhea or constipation.** The most serious com-
plication of typhoid fever is intestinal bleeding, which
can lead to hypotension and shock.** The treatment of
typhoid fever includes antibiotics and supportive care.*
Malaria is another severe and potentially fatal
disease seen in many parts of the world, including
sub-Saharan Africa, India, and South Asia. Malaria is
caused by a protozoal parasite of the genus Plasmodium
that is carried by the Anopheles mosquito and trans-
mitted to people when bitten by an infected insect.*®
Travelers to areas where malaria is common should
consider precautions, which may include taking an
antimalarial drug as a preventative measure and use of
mosquito repellent, protective clothing, and mosquito
bed nets or sleeping in an air-conditioned or well-
screened room.* Clinical manifestations of malaria
include high fever and flulike symptoms, including
cough, malaise, and shaking chills. Gastrointestinal
symptoms may include nausea, vomiting, and diar-
rhea.** Neurologic symptoms may include headache,
dizziness, confusion, disorientation, and coma.** The
diagnosis of malaria can be confirmed by laboratory
antigen testing, use of molecular diagnostic techniques,
and examination of blood droplet smears for the pres-
ence of parasites using the Giemsa stain. Treatment
of malaria includes administration of antimalarial
medications such as chloroquine, quinine sulfate,
hydroxychloroquine, mefloquine, or a combination of
atovaquone and proguanil (Malarone). It is of interest
to note that carriers for sickle cell disease (one sickle
hemoglobin gene and one normal hemoglobin gene)
have some resistance to malaria.”® Because of this
advantage, the number of sickle cell carriers in areas
where malaria is endemic tends to be higher.*®

Geographic Location

Some fungal lung diseases are endemic to certain
geographic areas. For example, histoplasmosis is
endemic to the Ohio and Mississippi River valleys.
Histoplasmosis is caused by inhalation of airborne
Histoplasma capsulatum spores, which are sometimes
found where there are large deposits of bat or bird
droppings. Most people infected are asymptomatic or
develop only mild symptoms, whereas some patients
will develop a self-limited pneumonia that generally
resolves without treatment. Symptoms of respiratory
infection include fever, chest pain, and dry, nonproduc-
tive cough.*® Diagnosis is made based on the clinical
picture and confirmed via fungal cultures (blood, spu-
tum, bone marrow, liver, or skin), blood or urine testing
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for the presence of the antigen, or direct microscopic
examination of infected tissue. Antifungal medica-
tions (itraconazole or amphotericin B) are used to treat
severe cases of histoplasmosis.*® Past infection can pro-
vide partial protection if a person becomes reinfected
later in life.*

Blastomycosis is a fungal disease caused by
Blastomyces dermatitidis that affects humans and
animals, especially dogs. Blastomyces dermatitidis
is endemic to the Ohio and Mississippi River valleys,
although cases of blastomycosis have been reported
in Canada and the Southeastern United States.
Blastomyces dermatitidis most often causes skin dis-
ease, but it may also cause a self-limited pulmonary
infection. Treatment is with amphotericin B or itracon-
azole for immunocompromised patients.*”

Coccidioidomycosis is a fungal lung disease caused
by Coccidioides immitis, which is prevalent in the San
Joaquin valley of California and parts of New Mexico,
Utah, and Texas. Coccidioidomycosis typically results
in a self-limited respiratory infection or pneumonia;
however it can cause pulmonary nodules, cavities,
and overwhelming pneumonia in people more sus-
ceptible to this fungus.” Treatment of progressive or
extrapulmonary coccidioidomycosis includes antifun-
gal medications such as fluconazole, itraconazole, or
amphotericin B.¥

Cryptococcoses is another fungal lung disease
caused by inhalation of airborne spores of the genus
Cryptococcus. C. neoformans and C. gattii are the two
most common causes of cryptococcoses.*®* C. gattii is
found in tropical and subtropical regions of the world
and in the U.S. Pacific Northwest, Vancouver Island,
and mainland British Columbia.*® C. neoformans is
found in soil throughout the world.** C. neoformans
infection typically causes meningitis in HIV and
immunosuppressed persons, whereas C. gattii infec-
tions more often cause pneumonia in persons without
immune defects.”~* Symptoms of pulmonary infec-
tion include shortness of breath, cough, and fever.*”-*
Diagnosis is made via use of the cryptococcal antigen
test performed on blood or cerebrospinal fluid and
by microscopic examination and culture of tissue or
body fluids. Respiratory infection may be self-limited
or a chronic pneumonia may occur. Mild or moderate
cryptococcosis may be treated with fluconazole or itra-
conazole. Severe cryptococcal infections may require
amphotericin B in combination with flucytosine.
Fluconazole is also used for maintenance therapy in
HIV patients with cryptococcal meningitis.

Hobbies and Pets

Hobbies and pets may also be associated with the devel-
opment of certain types of lung disease. For example,
bird fanciers, pet shop employees, and veterinarians
may develop psittacosis (aka ornithosis or parrot

fever), a bacterial infection associated with pet birds

and poultry. Psittacosis can result in a severe pneumo-
nia with complications that range from endocarditis
to hepatitis and neurologic disease.*®*! Psittacosis

is caused by the Chlamydophila psittaci bacterium
excreted in the feces and nasal discharges of infected
parrots, parakeets, macaws, and cockatiels.***! Other
birds, including turkeys, ducks, doves, pigeons, birds
of prey, and shore birds, may carry and transmit the
bacteria to humans, and outbreaks of psittacosis in
poultry processing plants have been reported.>**!
Human infection typically occurs following inhala-
tion of bacteria that have been aerosolized from dried
feces or respiratory tract secretions of infected birds.
Handling of infected birds and mouth-to-beak contact
may also transmit the disease.”® Symptoms of respira-
tory infection include fever, chills, dyspnea, dry cough,
chest tightness, headache, muscle aches, and malaise.
Chest radiograph may show pneumonia with lobar or
interstitial infiltrates, and respiratory failure requiring
intensive care may occur.’® Diagnosis is based on the
clinical presentation and confirmed by the presence of
antibodies against C. psittaci using microimmunofluo-
rescence (MIF) laboratory test methods.*® The bacteria
may also be cultured from sputum, pleural fluid, or
blood, although technical and safety issues limit the
availability of culture capability. Real-time polymerase
chain reaction (rt-PCR) assays have recently been
developed for the detection of C. psittaci in respira-
tory specimens.® Treatment consists of supportive
care and administration of antibiotics (tetracycline or
doxycycline).>®

Pets may also play a significant role in poorly con-
trolled asthma. Although any warm-blooded animal
can produce antigens that worsen asthma, cat dander,
house dust mite, and cockroach antigen are the three
most common allergens that trigger an inflammatory
response in asthmatic airways. A careful environmental
history is very important in identifying triggers of per-
sistent asthma.

Hobbies that may impact pulmonary disease include
gardening, woodworking, and any hobby that involves
working around dust or fumes. For example, woodwork-
ing and the inhalation of wood dust may be a causative
factor in the development of occupational asthma, and
asthma exacerbation can be triggered by wood dust inha-
lation, as well as the inhalation of sprays, paint fumes, or
airborne chemicals or dusts from hobby activities.

Interstitial Lung Diseases

The interstitial lung diseases (ILDs) are a large group
of lung diseases associated with chronic lung injury,
inflammation, and the development of fibrosis (scar
tissue in the lung). Many ILDs are associated with
specific environmental or occupational exposures. For
example, hypersensitivity pneumonitis is a form of ILD
characterized by inflammation of the alveoli caused by
a number of different organic materials found in the
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environment, including bird feathers, molds (moldy
hay; aka “farmer’s lung”), microbial antigens (myco-
bacteria avian complex; aka “hot tub lung”), proteins
within flour (aka “baker’s lung”), and numerous other
organic antigens. Other occupational ILDs include the
pneumoconises (inhalation of inorganic material), such
as coal miners pneumoconiosis, silicosis, and asbes-
tos (see occupational history below). Clinical findings
with ILDs often include decreased oxygen saturation,
especially upon exertion, crackles at the lung bases on
auscultation, and a restrictive pattern on pulmonary
function testing.

Occupational History

Occupational history should include occupation,
current and previous jobs, working conditions, occu-
pational exposure to dust or toxins, and military ser-
vice.?”?® Occupational lung disease can be caused by
inhalation of inorganic dusts (silicates, carbon, metals),
organic dusts (fungi, bacteria, animal proteins), chemi-
cals, gases, fumes, vapors, or aerosols.” The patient
should be asked if his or her symptoms are better or

TABLE 4-16

Occupations Associated with Specific Lung Disease*
Lung Disease ‘ Occupation

Ammunition maker
Fireworks maker

Aluminum
pneumoconiosis

Asbestos weaver
Brake manufacturer
Clutch manufacturer
Filter maker

Floor tile maker
Insulator

Lagger

Mill worker

Miner or miller
Roofer

Shipbuilder

Steam fitter

Asbestosis (associated
with smoking)

Beryllium disease Alloy maker
Bronze maker
Ceramics worker
Demolition person
Electronic tube maker
Extraction worker
Fettler

Flame cutter
Foundryman
Grinder
Metalworker
Metalizer

Polisher

Scarfer

Occupational and Environmental History

worse at home or at work or on weekends or work

days. Exposure to aluminum, asbestosis, beryllium,
sugar cane, cotton brac, barium, coal dust, moldy hay,
clay, iron, silica dust, talc, and other substances are all
associated with the development of lung disease.* The
pneumoconioses (inorganic dust-induced lung disease)
include coal worker’s pneumoconiosis, asbestosis,
silica-induced ILD, and berylliosis.** The pneumoco-
nioses due to silica or asbestos exposure are less com-
mon today, due to various occupational safeguards now
in place.” The development of occupational asthma
has been associated with exposure to many substances,
including animal-derived materials, plant and vegetable
products, enzymes, chemicals (such as isocyanates used
in plastic manufacture), drugs, wood dust, and met-
als. Granulomatous pneumonitis has been reported in
lifeguards due to mold exposure at indoor swimming
pools.? Diagnosis of occupational lung disease is based
on a careful work history, physical examination, and
laboratory testing, including pulmonary function test-
ing. A list of occupations associated with specific lung
disease is located in Table 4-16.

Lung Disease ‘ Occupation

Bagassosis Sugar cane worker

Byssinosis Cotton flax or hemp mill worker

Barite miller and miner
Ceramics worker
Fluorescent lamp maker
Glassmaker
Metallurgist

Missile worker

Neon sign maker
Nuclear energy worker
Phosphor maker
Propellant manufacturer
Toxicologist

X-ray tube maker

Baritosis (barium)

Coal workers’ Coal miner
pneumoconiosis Motorman
(Black Lung Roof bolter
associated with Tipple worker
smoking) Trimmer

Interstitial lung disease | Farm worker (associated with moldy
(ILD) hay)

Brick maker
Ceramics worker
China maker
Miner

Potter

Kaolinosis (clay)

(continues)
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TABLE 4-16

Occupations Associated with Specific Lung Disease* (continued)

Lung Disease

Occupation

Animal-derived materials

Laboratory workers (medical labs,
veterinarians)

Breeders (birds, rabbits, other)

Food processors (poultry, seafood)

Plants and vegetable products
Food processors

Grain handlers

Textile workers

Bakers

Printers

Laxative manufacturers

Enzymes, chemicals, and drugs
Detergent manufacturers

Food processors
Pharmaceutical workers
Printers

Chemical workers

Foam manufacturers

Plastic workers

Dye workers

Farmers

Hairdressers

Hospital workers

Food wrappers

Wood dust

Carpenters

Woodworkers

Aluminum soldering, metal plating, etc.
Metal workers

Occupational asthma

Ship breaker
Welder

Siderosis (iron)

Current Medications

All current medications should be recorded as part of
a complete history. Use of nasal decongestants, anti-
histamines, expectorants, and cough and cold medica-
tions are important to record. Antibiotics, pulmonary
drugs (bronchodilators, steroids; see below), cardiac
drugs, antihypertensive medications, and diuretic use
should be identified. p-blockers and ACE inhibitors
are used to control hypertension and in the treatment
of CHF. B-blockers can exacerbate bronchospasm;
ACE inhibitors can cause cough. Alpha-1 proteinase
inhibitor medications (Prolastin, Bayer, West Haven,
Connecticut; and Zemaira, CSL Behring, King of
Prussia, Pennsylvania) are used to treat a genetic pro-
tein deficiency (alpha-1 antitrypsin deficiency), which
is a cause of severe panacinar emphysema. Nicotine
replacement therapy (transdermal patch, gum, or nasal
spray) and other medications (e.g., bupropion, vareni-
cline tartrate) taken as a part of a smoking cessation

Lung Disease Occupation

Abrasives worker
Bentonite mill worker
Brick maker
Ceramics worker
Coal miner
Diatomite worker
Enameler

Fettler

Filter maker
Foundryman
Miner or miller
Motorman

Paint maker
Polisher

Quarry man
Sandblaster
Shotblaster
Stonecutter
Stone driller

Well driller

Silicosis

Ceramics worker
Cosmetics worker
Miner or miller
Papermaker
Plastics worker
Rubber worker

Talcosis (certain talcs)

*Most pneumoconiosis (dust-caused disease) results in scar tissue formation
in the lung (fibrotic lung disease). Important exceptions are bagassosis,
byssinosis, and farmers’ lung. The latter disorders are thought to be related to
an immune or allergic response to an irritant.

Data from: Shelledy DC, Mikles SP. Patient assessment and respiratory

care plan development. In: Mishoe SC and Welch MA, eds. Critical

thinking in respiratory care: a problem based approach. New York:
McGraw-Hill;2002:181-234

program should also be noted. Aspirin, NSAIDs such
as ibuprofen, f-blockers (also found in some eye drops),
and sulfites used in foods as a preservative all may pre-
cipitate or aggravate asthma."?

Medications taken for pain, anxiety, or sleep
should be noted, especially those that are CNS depres-
sants. Psychotherapeutic agents taken should also be
recorded. Vaccination status should be reviewed to
include whether the patient has received the pneumo-
coccal vaccine, flu vaccine, and other immunizations
(see Figure 4-2). Vitamins and any herbal or other com-
plementary therapy should also be noted.

Current Respiratory Care

Current and previous respiratory care received should
be noted. Current or past use of oxygen therapy should
be carefully documented, both use in the hospital and
in the home or extended care facility. Oxygen concen-
tration, flow, device used, and use pattern (continuous,
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intermittent, during exercise, etc.) should be noted. The
respiratory care clinician should also inquire about the
use of bronchodilators, anti-inflammatory agents (e.g.,
inhaled corticosteroids), and antiasthmatic agents (e.g.,
cromolyn, nedocromil, zafirlukast, zileuton). In asthma,
the frequency of use of short-acting bronchodilators
and the need for oral corticosteroids and frequency of
use should be determined. Emergency department or
hospital admissions should be explored and a history of
endotracheal intubation, tracheotomy, and/or receipt
of mechanical ventilatory support should be noted.

For example, asthmatics with a history of intubation,
mechanical ventilation, heavy use of short-acting bron-
chodilators, or use of systemic steroids are at much
greater risk for death from asthma.'® Other respira-
tory care received may include mucolytics (e.g., acet-
ylcysteine, dornase alpha, guaifenesin) or aerosolized
anti-infective agents (e.g., pentamidine, ribavirin, anti-
biotics). Home equipment, such as nebulizers, oxygen
equipment, CPAP/BiPAP equipment, or any mechani-
cal ventilatory support devices used in the home should
also be noted.

Exercise Tolerance

Any deficit in the patient’s ability to participate in the
normal ADLs should be noted. For example, does the
patient have difficulty dressing, bathing, doing house-
hold chores, walking, or shopping due to shortness of
breath? Can the patient walk on the level, climb stairs,
or participate in more vigorous exercise, such as using
a treadmill or bicycle ergometer? Is the patient’s health
status adequate for participation in sports? For children
or younger adults, a preparticipation physical evalua-
tion (PPE) may be required that includes evaluation of
possible cardiac, respiratory, neurologic, vision-related,
orthopedic, or psychosocial problems that may limit
participation in certain sports.

Nutritional Status

Good nutrition is essential to optimizing a patient’s
health. The patient history should include eating hab-
its, usual calorie intake, and types of foods consumed
to include fat, protein, and carbohydrates in the diet.
Patient access to healthy foods should be assessed to
include adequate income to purchase food and the
ability to shop, prepare, and store healthy foods. Use
of vitamin, mineral, and herbal supplements should be
noted, as well as use of any liquid or powder nutrition
supplements.

Recent weight loss or gain should be documented
and include intentional weight loss through dieting.
Unintentional weight loss should be noted to include
the total weight lost, time period, whether the loss
was sudden or gradual, and any associated symp-
toms, such as loss of appetite, difficulty in swallowing,

Advance Directives

vomiting, diarrhea, or anxiety and stress. Acute illness,
such as fever, burns, trauma, or cancer may markedly
increase metabolic rate and nutritional requirements.
Medications that may affect nutritional status and body
weight include laxatives, appetite suppressants, fat-
blockers, and chemotherapy. Eating disorders such as
anorexia and bulimia may also have a profound effect
on nutritional status.

Obesity is a major health problem in the United
States, and measurement of the patient’s height and
weight can be used to calculate the body mass index
(BMI). A BMI > 25-29.9 indicates the patient is over-
weight, and a BMI > 30 indicates obesity. Waist-to-hip
circumference ratio is a measure of central body fat
distribution. Ratios > 1.0 in men and > 0.85 in women
indicate a high level of central fat with associated obe-
sity-related health risks. Overweight and obese people
are at increased risk for the development of heart dis-
ease, hypertension, stroke, sleep apnea, type 2 diabetes,
cancer, liver and gallbladder disease, osteoarthritis, and
dyslipidemia (i.e., high total cholesterol, high triglycer-
ides). Patients should be advised of the benefits of good
nutrition and the health hazards of being overweight
or obese. The U.S. Department of Agriculture provides
a website for consumers and health professionals to
assist in development of a healthy diet (see http:/www
.choosemyplate.gov).

Advance Directives

Advance directives provide patients with a mechanism
to indicate the types of end-of-life care they would
prefer to receive if they are unable to communicate in
the presence of a catastrophic illness. Living wills are
one type of advance directive in which patients indicate
whether they wish to be resuscitated in the event of a
cardiac or respiratory arrest, as well as their preferences
regarding such things as being placed on a ventilator,
tube-feedings, dialysis, and/or organ donation. A dura-
ble power of attorney for medical decisions provides a
mechanism for patients to name a spouse, friend, or
relative to make healthcare decisions in the event they
are unable to do so themselves. Both living wills and
durable power of attorney are legal documents in most
states in the United States. A do not resuscitate (DNR)
order is another form of advance directive in which

the patient (or family) indicates in advance whether

the patient should receive cardiopulmonary resuscita-
tion (CPR) and advanced life support in the event of a
cardiac or respiratory arrest. DNR orders apply in all
U.S. states. The respiratory care clinician often is called
to administer CPR and advanced life support in the
event of a cardiopulmonary arrest and often is asked to
provide mechanical ventilatory support. Consequently,
the clinician should inquire about and be aware of any
advance directives in place.
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The Patient’s Learning Needs

Patient education provides patients with the knowl-
edge and skills needed to understand and participate

in meeting their healthcare needs. Patients’ learning
needs may range from knowledge of their medical con-
dition to information on their medications, therapy;,
equipment, and treatment plans. Other learning needs
may include personal care, hygiene, diet and nutrition,
exercise, and pain management. Respiratory care learn-
ing needs may include use of aerosolized medications,
cough and bronchial hygiene techniques, smoking
cessation, and/or pulmonary rehabilitation. Asthma
patients may need to learn about asthma triggers, use of
asthma action plans, and how to measure and monitor
symptoms and peak flow. Health maintenance, disease
prevention, and chronic disease management may need
to be addressed with the patient. The patient may also
need assistance with discharge planning, follow-up
care, and availability of health resources. Barriers to
patient education may include limited education, lack of
prior knowledge, poor health literacy, a lack of motiva-
tion, poor reading or language skills, cultural factors,
cognitive limitations, or emotional issues.

Most patients, particularly those with chronic dis-
ease, need to be able to perform some level of self-care
to optimize their health. To do this, they need to have
a basic understanding of their disease state or condi-
tion and why specific treatments, medications, or other
interventions are prescribed. They should understand
what medications they are taking, how often and when
to take the medications, and be able to recognize side
effects and know what to do in the event of an adverse
reaction to the medication. Other important learn-
ing needs include ensuring that patients know what is

BOX 4-17

Seven Domains of Health

wrong with them, when to seek help, what things they
are allowed to do (and not do), what their treatment is,
and when they should begin to feel better. Information
provided to patients should be appropriate for their age,
education level, cognitive skills, and native language.

Health-Related Quality of Life
Questionnaires

Health can be defined as “a state of complete physi-

cal, mental, and social well-being and not merely the
absence of disease.”® Health-related quality of life
(HRQOL) is determined by a number of factors, includ-
ing physical, social, emotional, and cognitive function-
ing; pain and discomfort; vitality; and a person’s overall
sense of well-being (aka the seven domains of health,
see Box 4-17). In order to quantify HRQOL, a num-
ber of general health status questionnaires have been
developed. Perhaps the best known are the Medical
Outcomes Study (MOS) Short Form (SF) Health Survey
family of questionnaires (the SF-36, SF-12, SE-8). The
SE-36 is a 36-question survey that asks patients ques-
tions related to their health status in all of the major
health domains except cognitive function. The SF-36
has excellent validity and reliability, is easy and fast to
administer (taking 5 to 10 minutes to complete), and
can be used to assess individual patient progress follow-
ing health interventions, such as a pulmonary rehabili-
tation program. The SF-36 is also an excellent tool for
health outcomes research. The SF-8 is an abbreviated
eight-question version of the SF-36 better suited for
large population studies. Similar to the SF-36, the SF-8
asks the patient to rate his or her health status using

The seven domains of health have a direct impact on health-related quality of life (HRQOL).

1. Physical functioning: Range of motion of limbs, feeding and bathing, walking, shopping and cleaning.

2. Social functioning: Visits with friends and family, restrictions on working, ability to babysit grandchildren.
3. Emotional functioning: Feeling depressed or psychologically distressed, feeling happy.

4. Cognitive functioning: Problems remembering important dates or events, awareness of current time and

place.

&

itching.

2

Pain/discomfort: Feeling bodily pain when getting out of bed, feeling aches when lifting light objects,

Vitality: Lacking energy, feeling tired, needing to nap frequently.

7. Overall well-being: Feeling satisfied with overall health, feeling content in general.

Modified from: Kane RL. Understanding Health Care Outcomes Research. Gaithersburg, MD: Aspen; 1997.
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the rating scales provided on the following questions
(see also http://www.sf-36.0org/demos/SF-8.html):

1. Overall, how would you rate your health in the
past 4 weeks?

2. How much did physical health problems limit
your usual physical activities (such as walking or
climbing stairs)?

3. How much difficulty did you have doing your

daily work, both at home and away from home,

because of your physical health?

How much bodily pain have you had?

How much energy did you have?

How much did your physical health or emotional

problems limit your usual social activities with

family or friends?

7. How much have you been bothered by emotional
problems (such as feeling anxious, depressed, or
irritable)?

8. How much did personal or emotional problems
keep you from doing your usual work, school, or
other daily activities?

The SF-36, SF-12, and SF-8 allow for calculation
of scores for four physical health domains (physical
functioning, role functioning/physical, bodily pain,
general health perceptions) and four mental health
domains (vitality, social functioning, role functioning/
emotional, mental health). The results are then used to
calculate a physical component summary score (PCS)
and a mental component summary (MCS) score. For
more information about the SF surveys, visit the SF
website (http://www.SF-36.0rg). Other general health
status surveys include the Sickness Impact Profile
(SIP), the Nottingham Health Profile (NHP), the Duke-
University of North Carolina Health Profile (DUHP),
the Quality of Well-Being Scale (QWB), the Dartmouth
COOP Charts, and the Patient Reported Outcomes
Measurement Information System (PROMIS).

A number of disease-specific health-status ques-
tionnaires are also available. Two of particular inter-
est to the respiratory care clinician are the Chronic
Respiratory Disease Questionnaire (CRQ) and the St.
George’s Respiratory Questionnaire (SGRQ).*** The
CRQ includes questions to assess dyspnea, fatigue,
emotional function, and mastery (i.e., feeling con-
trol over the disease) and allows for calculation of
a summary score.”* Both the CRQ and SGRQ have
good validity and reliability and can be used to assess
HRQOL in patients with respiratory disease.>*** The
CRQ may be the instrument of choice for the COPD
patient, whereas the SGRQ has been used successfully
to assess HRQOL in patients with asthma, COPD, cys-
tic fibrosis, bronchiectasis, kyphoscoliosis, and sarcoid-
osis.** Disease-specific quality-of-life questionnaires
such as the Asthma Quality of Life Questionnaire
(AQoLQ) have been designed and validated for several
pulmonary diseases.

our

Review of Symptoms

Review of Symptoms

After taking a complete patient history, the respira-
tory care clinician should develop a problem list for the
patient based on a review of the symptoms noted dur-
ing the patient history. A review of the medical history
is often organized by body system:

m General symptoms: Problems that may be related
to pulmonary or cardiac/cardiovascular disease
may include fever, chills, malaise, fatigue, leth-
argy, night sweats, and weight problems (obesity,
underweight, and/or weight loss).
m Skin and nails: The respiratory care clinician
should note the color, temperature, and appear-
ance of the skin and nails. Problems include pale
skin and if the skin is cold or clammy; these find-
ings may be associated with low cardiac output,
shock, or other circulatory problems. Very warm
skin may be associated with fever or overheating.
Rash, redness, or itching may indicate an allergic
reaction. Excessive sweating may indicate distress.
Cyanosis of the skin, lips, or nails is associated
with more than 5 g of desaturated hemoglobin
and associated hypoxemia.
®m Head, eyes, ears, nose, and throat (HEENT):
Problems to note include:
®  Head: Frequent or unusual headaches, dizzi-
ness, fainting, head injury, loss of conscious-
ness, concussion.

®  Eyes: Blurred vision, diplopia (double vision),
conjunctivitis, eye disease or blindness, use of
glasses or contact lenses, pupils (dilated, con-
tracted, or fixed).

® Ears: Pain, hearing loss, pain, vertigo, tinnitus
(ringing in the ears).

®  Nose: Sinus pain, colds, nasal obstruction or
runny nose, sneezing, nasal flaring, postnasal
drip, nosebleeds

®  Throat: Hoarseness, voice change, sore throat,
tooth pain or abscess, throat sores or ulcers,
bleeding or swelling of gums, appearance of
mucous membranes (color, cyanosis), bad
taste in mouth.
®m Endocrine: The clinician should note problems
such as thyroid enlargement or tenderness.
Diabetes or pregnancy should also be noted.
B Respiratory: The clinician should note any of the
following problems:
® Respiratory symptoms, including cough; spu-
tum production; hemoptysis; dyspnea; orthop-
nea; wheezing, whistling or chest tightness;
chest pain; exposure to infection (TB, etc.);
night sweats; or use of accessory muscles.

® Chest discomfort or pain or other abnormali-
ties such as trauma, surgical scars, rib frac-
tures, or chest deformity.
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® Any history of asthma, COPD, pneumonia, or
other pulmonary disease.
® Cardiac/cardiovascular: The clinician should note
any chest pain or discomfort, palpitations, dys-
pnea, orthopnea, exercise tolerance, and past tests
done (ECG, other cardiac tests).
®  Peripheral vasculature: Thrombophlebitis
may result in pulmonary embolus and should
be noted. Peripheral edema (ankle swelling,
other) is often seen in patients with CHF and
fluid overload.

® A history or cardiac problems (MI, CHE,
other) or high blood pressure should be noted.

m Hematologic. Problems may include anemia,
bleeding, and blood loss. Bruising may be caused
by trauma or problems with clotting. Elevated
hemoglobin levels (polycythemia) are associated
with chronic hypoxia or living at altitude.

m Lymph nodes: The clinician should note if the
lymph nodes are tender, swollen, or enlarged.

m Gastrointestinal (GI): The clinician should note
any problems with diet, appetite, digestion, food
problems or restrictions, and any food allergies.
Use of caffeine and/or alcohol should be noted.
Other problems to note include heartburn, nau-
sea, vomiting, or diarrhea. Additional GI prob-
lems include constipation, blood in the stool,
stomach ulcers, esophagitis (associated with pain-
ful swallowing, heartburn), esophageal varices
(dilated veins in the lower esophagus), and cancer.

m Genitourinary: The clinician should note any
problems with urination or urine output.

m Musculoskeletal: Problems to note include joint
stiffness or pain, swelling, fractures, or trauma or
restrictions to motion.

m Neurologic and mental status: Problems that
should be noted include headache, disorientation,
excitement, fainting, dizziness, confusion, somno-
lence, loss of consciousness, or coma. Weakness,
tremors, seizures, convulsions, or paralysis should
be noted. Mental health issues should also be
noted, including depression, restlessness, anxiety,
mood swings, or sleep disturbances.

Timing of Signs and Symptoms

Triggers that bring on a symptom, things that improve
the symptom, and other temporal aspects of a patient’s
symptoms, such as the rate of onset, may allow the
respiratory care clinician to identify or clarify the likely
cause. For example, occupational asthma may first
become noticeable at the beginning of the work week.
Symptoms may steadily worsen over the course of the
work week and remit during time off work.>* Many
cardiopulmonary related problems worsen at night,
often due to sleeping in a supine position. Problems
that sometimes worsen at night include the dyspnea

associated with COPD or CHF and some cases of
asthma. Postnasal drip and gastroesophageal reflux
may also worsen at night in the supine posture.

The rate of change of signs and symptoms over time
can also be helpful diagnostic features. For example,
chronic bronchitis is defined by the chronic nature of
associated symptoms. Specifically, chronic bronchitis
is defined as a chronic cough with phlegm production
that occurs daily for at least 3 months of the year in at
least 2 consecutive years. Asthma is typically charac-
terized by intermittent symptoms, and the asthmatic
patient often has “good days” and “bad days.”* In
contrast, dyspnea that consistently progresses over the
course of months to years is more characteristic of a
parenchymal lung disease, such as idiopathic pulmo-
nary fibrosis. Pulmonary hypertension also generally
progresses over the course of months to years.>

Digital clubbing provides another example related
to symptom timing. Clubbing may be caused by many
conditions, including bronchiectasis, interstitial lung
diseases (e.g., pulmonary fibrosis), congenital cyanotic
heart disease, chronic liver disease (e.g., cirrhosis),
inflammatory bowel disease, and hypothyroidism as a
familial trait or as a complication of many malignan-
cies, including lung cancer.*® Lung cancer is described
by cell type and includes adenocarcinoma, squamous
cell cancer, non-small cell cancer, and small cell can-
cer.”® Clubbing is thought to be rare with small cell can-
cer. This may be due to the generally aggressive, rapid
time course of small cell carcinoma, which would not
allow digital clubbing to develop. To summarize, timing
of the patient’s symptoms may provide valuable diag-
nostic clues. Following a complete pulmonary history,
the respiratory care clinician should be able to describe
the patient’s symptoms in terms of onset, duration, and
timing:

1. Atwhat time of day (week, season, or year) does
the symptom occur?
Does anything seem to trigger the symptom?
How does the symptom change over time?
Does the symptom steadily get worse?
Does the symptom come and go, with some “good
days” and some “bad days”?
Does anything seem to relieve the symptom or
make it better?

O GPhWN

Summary

To summarize, the pulmonary history should gather
information regarding the patient’s cough and sputum
production; wheezing, whistling, and chest tightness;
breathlessness; and past chest illness. The respiratory
care clinician should note the patient’s smoking his-
tory, occupational history, and environmental history.
Commonly identified respiratory problems include
shortness of breath, cough, sputum production, and
hemoptysis. Other possible problems might include
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chest pain, restlessness, nervousness, excitement, trem-
ors, headache, palpitations, disorientation, dizziness,
headache, blurred vision, daytime sleepiness, fatigue, or
confusion. Each problem should be described in some
detail as to the nature, onset, location, and progres-
sion over time. After writing the problem list, a list of
diseases or conditions that produce these symptoms

is developed. This list generates the initial hypotheses
that can then guide the subsequent physical examina-
tion and laboratory studies.

For example, the symptoms of shortness of breath,
cough, sputum production, and fever may generate the
hypothesis that these problems are caused by a respi-
ratory tract infection. While performing the physical
examination, the respiratory care clinician should
specifically look for signs that can help evaluate this
hypothesis, such as increased respiratory rate, other
signs of hypoxemia, or abnormal findings on chest
examination.

Key Points

» The patient interview follows the review of the
patient medical record and is the next step in
identifying and/or clarifying the diagnosis and
problem list.

> The patient interview is essential for respiratory
care plan development, implementation, and
evaluation.

» The interview should establish rapport, gather
information, obtain feedback, involve the fam-
ily, demonstrate understanding, and provide for
assessment.

» The interview should assess cough; sputum pro-
duction; hemoptysis; wheezing, whistling, or
chest tightness; dyspnea; past history of chest
illness; smoking history; occupation; and, where
appropriate, hobby and leisure activities.

»  Current medications, use of home oxygen or other
respiratory care equipment, and history of previ-
ous episodes requiring intubation or mechanical
ventilatory support should be assessed.

» The interview should assess the benefits of care
received and any adverse effects or complications.

»  The chief complaint is a concise statement of the
reason for seeking medical attention.

»  The history of the present illness (HPI) describes
the symptoms, chronology of events, and impact
on the patient of the current illness or problem.

»  Cough is one of the most common symptoms for
which medical care is sought.

» Common causes of cough include infection, post-
nasal drip, GERD, asthma, and other chronic lung
diseases.

» Sputum volume, color, consistency, and odor
should be assessed.

References

> Causes of hemoptysis include bronchitis, tuber-
culosis, lung cancer, pneumonia, bronchiecta-
sis, lung abscess, cystic fibrosis, and pulmonary
embolus/infarction.

>  Causes of wheezing include asthma, obstruction,
bronchospasm, and tumor.

» Types of chest pain include substernal, pleuritic,
and musculoskeletal chest pain.

» Dyspnea may be quantified using the Borg scale
or the VAS, MMRC, or SOBQ assessment tools.

» Sleep-related disorders include central and
obstructive sleep apnea.

» A history of intubation, ICU admission, multiple
hospital admissions, elevated bronchodilator use,
or use of systemic steroids indicates a higher risk
of mortality in asthmatic patients.

» The 5 A’s of smoking cessation are ask, advise,
assess, assist, and arrange.

» Environmental history should assess location,
exposure to contagious diseases, travel, and the
home, school, and work environments.

»  Occupational history should include occupation,
current and previous jobs, working conditions,
occupational exposure to dust or toxins, and mili-
tary service.

»  All current medications and current respiratory
care should be recorded as part of a complete
history.

» The patient’s exercise tolerance, nutritional sta-
tus, and learning needs should be assessed.

> Advanced directives, including DNR status,
should be noted.

» HRQOL questionnaires include the SF-36, SGRQ,
and CRQ.

> Review of symptoms should include general
symptoms and symptoms related to each body
system: skin and nails, HEENT, endocrine, respi-
ratory/chest, cardiac/cardiovascular, peripheral
vasculature, hematologic, lymph nodes, gastroin-
testinal, genitourinary, musculoskeletal, and neu-
rologic, as well as mental status.
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CHAPTER OUTLINE

PhysSical Assessment. e

Meggan McCarthy and David C. Shelledy

Introduction to the Physical Examination
Approach to the Patient

Vital Signs

General Appearance

Mental Status and Neurologic Examination
Head, Ears, Eyes, Nose, and Throat Examination
Thorax

Cardiac Examination

Abdominal Examination

Extremities

Ancillary Equipment in Use

Putting It All Together

CHAPTER OBJECTIVES

1. Describe normal vital signs and explain causes of common

alterations in vital signs.

2. Explain the causes and significance of alterations in body

temperature.

Explain methods for assessment of pain.

Explain causes of abnormal body weight and the

importance of alterations in body weight.

5. Summarize assessment of the patient’s general

appearance.

Explain the assessment of cyanosis.

Describe assessment of the patient’s mental status and

level of consciousness.

8. Overview the main components of the neurologic
examination.

9. Summarize the examination of the head, eyes, ears, nose,
and throat (HEENT).

10. Describe the examination of the thorax (inspection,
auscultation, palpation, percussion) to include the
significance of specific alterations.

11. Describe the cardiac exam to include the significance of
normal and abnormal heart sounds.

12. Describe examination of the extremities to include
important alterations (e.g., clubbing, capillary refill, color,
and edema).
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13. Summarize the examination of the abdomen.

14. Explain the significance of ancillary equipment in use.

15. Integrate physical assessment findings to formulate a
problem list or diagnosis.

el all

KEY TERMS
adventitious breath sounds hypertension
ascites hypotension

auscultation hypothermia

body mass index (BMi) inspection
bradycardia obesity
bradypnea palpation
cachexia percussion
crackle pitting edema
cyanosis pupillary response
diaphoresis retractions

fever subcutaneous emphysema
fremitus tachycardia

heart murmur tachypnea

heat exhaustion wheeze

Overview

The physical examination is an important part of the
assessment and evaluation of patients with suspected
or confirmed cardiopulmonary disease. Taken together,
the history and physical guide further assessment and
laboratory testing. The history and physical examina-
tion also play an important role in maintaining and
monitoring a patient’s health, as well as in caring for
patients with a chronic disease. In addition, the physi-
cal assessment provides important information needed
to develop, implement, and assess the respiratory care
plan. The core physical examination techniques of
inspection, palpation, percussion, and auscultation will
be described throughout this chapter. This chapter will
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138 CHAPTER 5 Physical Assessment

emphasize key components of the cardiopulmonary
physical examination to include the interpretation of
the findings.

Introduction to the Physical
Examination

The physical examination techniques of inspection,
palpation, percussion, and auscultation are essential
skills that every respiratory care clinician must acquire
and refine. The respiratory care clinician must be able
to integrate the results of the patient history, physical
examination, and diagnostic tests in confirming the
diagnosis and creating an effective treatment plan. An
accurate and effective physical examination is com-
pleted using an organized and systematic approach by
body system, which may include:

Vital signs

Skin

Head, eyes, ears, nose, and throat (HEENT)
Neck

Back and spine

Heart and blood vessels

Thorax and lungs
Abdomen/gastrointestinal

Extremities

Musculoskeletal

Neurologic

Other (skin, hair, nails; lymphatic system)

The respiratory care clinician will often complete a
physical examination directed at assessing the cardio-
pulmonary system. The results of this examination may
be used to monitor the patient’s condition and evalu-
ate the effects of therapy and to develop, implement,
and evaluate the respiratory care plan. This assessment
should include review of the patient’s general appear-
ance, level of consciousness, and assessment of oxygen-
ation and perfusion. Chest inspection should include
ventilatory pattern, use of accessory muscles, chest
excursion, and observation of the right to left chest
wall motion and chest—abdominal synchrony.
Assessment of breath sounds should include noting
aeration and any adventitious (i.e., abnormal) breath
sounds. Palpation techniques may be used to deter-
mine the presence of tactile rhonchi or vocal fremitus.
Percussion of the chest may be helpful in assessing for
hyperinflation or pneumothorax and diminished aera-
tion or pleural fluid.

Bedside measurement of pulse and respirations
should be performed and blood pressure should be
assessed. Temperature should be taken to assess for the
presence of hyperthermia or hypothermia. Spo, should
be measured in most patients, given that it is a simple
and low-cost method of determining oxygenation

status. Inspiratory capacity should be measured in
patients at risk for developing atelectasis and in all
patients being considered for or receiving lung expan-
sion therapy. Patients receiving bronchodilator therapy
should also have before and after measurement of
FEVL0 or, at a minimum, peak expiratory flow rate
(PEFR) in asthma patients. Arterial blood gases may
be obtained to confirm suspected hypoxemia, identify
suspected hypoventilation, and assess acid-base bal-
ance. Lastly, bedside measurement of vital capacity
and maximum inspiratory force may be helpful in
assessing ventilatory muscle strength and the ability to
cough and deep breathe. Box 5-1 provides a checklist
for the physical examination for respiratory care plan
development.

Approach to the Patient

Building trust and rapport with the patient is important
in completing the physical examination. Patients and
their families may be experiencing a great deal of stress
and uncertainty. The respiratory care clinician’s initial
interaction with the patient can often alleviate some of
the patient’s anxiety associated with the current illness.
Building trust and rapport begins as soon as the clini-
cian enters the room. The clinician should always begin
by introducing himself or herself and asking the patient
how he or she would like to be addressed. A profes-
sional and supportive demeanor should be adopted.
The clinician should smile, make eye contact with, and
listen to the patient. Small aspects of the clinician—
patient interaction, such as these, can help establish a
trusting environment for the patient and family. Setting
clear and realistic expectations for the encounter is

also important. As much as possible, the patient should
be allowed to remain in control. The patient should

be allowed to ask questions, and the clinician should
ensure that the patient has a clear understanding of the
clinician’s role and the purpose of the encounter.

At the beginning of the patient interaction, the clini-
cian should always wash his or her hands and put on
examination gloves, if needed. Next, the examination
that will be completed should be outlined. Patients
and family members will often be more relaxed and
cooperative if the clinician clearly explains what will
be done and, most important, the reason for each
action. Establishing as much privacy as possible will
help reduce the patient’s anxiety or discomfort. If there
are family members in the patient’s room, the clini-
cian should also introduce himself or herself to the
family. The clinician should ask the patient and family
members what their preferences are in regards to who
remains in the room during the physical exam. If the
clinician must examine areas of sensitivity such as the
breasts or perineum, a chaperone should be present
regardless of the patient’s gender.!
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BOX 5-1

Approach to the Patient

Checklist for the Physical Assessment for Respiratory Care Plan Development

General Appearance

O Anxious, agitated, restless, or distressed

Level of Consciousness

O Awake, alert, and oriented to person, place, and
time

O Confusion, disorientation

O Somnolent

Pulse, Respirations, and Blood Pressure

O Tachycardia
O Bradycardia

0O Tachypnea
O Bradypnea

Temperature

O Fever

Spo,

O Hypoxemia
Oxygenation and Perfusion

O Skin color and characteristics

O Nail beds and mucosa

Chest Inspection

O Respiratory pattern

O Use of accessory muscles

O Chest excursion

Inspiratory Capacity (IC) and/or Vital Capacity (VC)

O Normal IC is about 50 mL/kg of ideal body
weight

Peak Expiratory Flow Rate (PEFR) and/or FEV,

0 Before and after bronchodilator therapy

Assessment of the Work of Breathing

O Respiratory distress, accessory muscle use, sweating

Breath Sounds

O Normal

O Diminished

O Absent

O Bronchial breath sounds

Palpation

O Chest excursion
O Right-to-left chest wall synchrony
O Trachea position

Percussion

0 Dullness
O Resonance

O

Ooooad

Oooao

Ooao

Other signs of hypoxia

Sedated

Unconscious

Coma

Other symptoms of hypoxia

O Hypertension
O Hypotension

Hypothermia

Capillary refill

Right-to-left chest wall synchrony
Chest-to-abdominal synchrony
Flail, trauma

Normal VC is about 70 mL/ kg of ideal body
weight

Crackles
Gurgles
Wheezing

Tactile fremitus
Vocal fremitus

Hyperresonance
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140 CHAPTER 5 Physical Assessment

TABLE 5-1
Patient Position for the Physical Examination

Patient Position

Area or Exam

Provider Position

Vital signs, general inspection Sitting or reclining

Standing before patient or at bedside

Head and neck Sitting Standing before patient

Anterior torso Sitting Standing before patient initially, later behind the patient
Posterior torso Sitting At patient’s side

Anterior chest and abdomen Supine Before the patient

Gait, station, coordination Variable positions

Behind the patient

Patient Position

Patient positioning is important to completing certain
physical examination procedures. Table 5-1 outlines
the ideal patient position for each component of the
physical examination. As outlined in the table, the
patient should be sitting, standing, or lying down,
depending on the part of the examination being com-
pleted. A systematic approach that reduces multiple
movement changes is preferred. For example, the clini-
cian should attempt to complete all exams requiring
the patient to be standing at the same time. Although
it is ideal to have patients in certain positions for each
discrete exam, this is not always possible when con-
sidering patient comfort, type of illness, and ancillary
equipment in use. Many patients who require physical
assessment are acutely ill or have little physical reserve.
In these cases, minimizing movement may help prevent
patient distress.

Clinician ergonomics should be taken into consid-
eration when completing a physical exam. In the case
of hospitalized patients, the bed should be raised or
lowered to a comfortable height to alleviate clinician
back strain.? A well-lit examination room is preferred; if
overhead lighting is not adequate, a mobile light source,
such as a pen light or gooseneck light, should be uti-
lized. Although room temperature is not always under
the clinician’s control, a warm and comfortable exam
room is preferred.

Completing a thorough physical examination
requires exposure of the patient’s bare skin. The patient
should be informed before the exam as to which body
parts will be exposed. Drapes should be used, and the
patient should not be exposed for prolonged periods
without redraping. If the clinician is unexpectedly
called out of the exam room, he or she should com-
pletely re-cover the patient to maintain comfort and
modesty. At the completion of the exam, the clinician
should return the room to the pre-examination state. If
bed rails were lowered in order to complete the exam,
they must be returned to their upright position in order

to prevent patient injury.® If the bed was raised or low-
ered for the examination, it should be returned to its
original height. Before leaving the room, the clinician
should ask if the patient has any questions or needs any
assistance.

Order of the Physical Examination

Completing the physical examination in a system-

atic manner will ensure that all key components are
completed and that the patient’s comfort is taken into
consideration. Box 5-2 lists the suggested steps for a
complete physical examination. This list may be indi-
vidualized depending on the patient’s presentation and
ability to cooperate.

Vital Signs

The vital signs are pulse, respirations, blood pressure,
and temperature. Vital signs are routinely monitored in
patients who are admitted to the hospital and who are
assessed during routine office or clinic visits. Recently,
the patient’s pain perception has been included as an
additional vital sign.** Pain is often documented using
a standardized pain scale. O, saturation via pulse oxim-
etry (Spo,) is also suggested as an added vital sign (see
Chapter 8). Measurement of height and weight is rou-
tinely performed as a part of the physical examination.
Assessment of the patient’s vital signs provides essen-
tial information regarding the cardiopulmonary system.
Hypoxia and ventilatory failure are often first detected
by observing changes in heart rate, respiratory rate,
and blood pressure. Fever may be the only sign of infec-
tion. Assessment of vital signs before, during, and after
delivery of therapy can provide important information
regarding the patient’s response to therapy or the effect
of a procedure. Assessment of vital signs may alert the
clinician as to the need for additional evaluation and
testing in order to identify the cause of any detected
abnormalities. Vital sign values should be critically eval-
uated in light of the patient’s overall condition.
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Vital Signs

BOX 5-2

Steps in the Physical Examination

1.

9.

Introduce yourself.

a. Address the patient by his/her formal name.

b. Ask the patient how he/she would like to be addressed.

Explain the agenda for the encounter. This will vary depending on the patient’s presentation, but a brief

explanation of the physical exam process should be given.

Wash your hands. Apply personal protective equipment if necessary (gloves, gown, mask, etc.).

Ensure the patient’s comfort.

a. Ensure patient privacy by either closing doors or pulling drape.

b. If necessary, obtain a chaperone for the exam.

c. Make sure that the patient is in a comfortable and relaxed position.

d. Properly gown or drape the patient for modesty.

Prepare the examination environment.

a. Adjust the examination table or bed height appropriate for the examiner.

b. Lower bed rails if necessary.

c. Arrange light sources if necessary.

d. Remove distractions if present.

e. Turn television sets, radios, and other noisy distractions off or at least decrease the volume.

Vital signs and general inspection.

a. Evaluate the radial pulse for heart rate and rhythm.

b. Obtain blood pressure.

c. Evaluate the respiratory rate.

d. Obtain body temperature.

e. Assess pain, if present (the “fifth” vital sign), utilizing an appropriate pain scale.

f. Inspect nails, skin, and hair.

g. Note the general appearance, body habits, hair distribution, muscle mass, movement coordination,
odors, and breathing pattern.

Head.

a. Eyes: Examine the conjunctiva, sclera, cornea, and iris of each eye. Test pupils for irregularity, accom-
modation, and reaction. Evaluate visual fields and visual acuity (cranial nerve II). Assess extraocular
movements (cranial nerves IIL, IV, VI). Test the corneal reflex (cranial nerve V).

b. Ears: Examine the pinnae and periauricular tissues. Test auditory acuity. Perform the Weber and
Rinne maneuvers (cranial nerve VIII).

c. Nose: Connect the nasal speculum to the otoscope and examine the nares, noting the condition of the
mucosa, septum, and turbinates.

d. Mouth: Examine the vermilion border, the oral mucosa, and the tongue. Identify the salivary duct
papillae. Assess the dentition for decay and repair and the condition of the bite. View the pharynx.
Evaluate the function of cranial nerves IX, X, and XII. If appropriate, evaluate sensory divisions of cra-
nial nerves V' and VIL

e. Face: Evaluation of symmetry, smile, frown, and jaw movement will provide information about motor
divisions of cranial nerves V and VIIL.

Neck: Palpate the neck with emphasis on the salivary glands, lymph nodes, and thyroid. Look for tracheal

deviation. Identify the carotid arteries and auscultate for bruits. Note jugular venous distention. Cer-

tain parts of evaluation of this area, such as jugular venous filling, may warrant review with the patient

reclining. Test shoulder strength of the sternocleidomastoid and trapezius muscles (cranial nerves XI and

XII).

Anterior torso: With the patient sitting, examine the epitrochlear and axillary nodes. Examine the breasts.

Define the point of maximal impulse (PMI) and examine the heart, having the patient lean forward if

necessary.

(continues)
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(continued)

10. Posterior torso: Observe for spinal curvature or chest deformity. Evaluate the vertebral column and the
costovertebral areas. Auscultate the posterior and lateral lung fields.

11.
tendon reflexes, distal pulses and sensation.
With the patient supine:

a.
b.
c.

12.

Lungs: Auscultate the anterior lung structures.

Complete the “sitting” portion of the examination. Evaluate proximal and distal motor strength, deep

Thorax: Reexamine the heart, turning the patient to the left lateral decubitus position if appropriate.

Abdomen: After inspection, auscultate, listening for bowel sounds and bruits. Next inspect, percuss,

and palpate the abdomen, taking special notice of hepatic or splenic enlargements.

d.
athy and pulses.

13. With the patient standing, evaluate station and gait.

Monitoring trends in vital signs can indicate if the
patient is getting better or worse. Observing changes
over time, especially as compared to “baseline” val-
ues when the patient is in his or her normal state of
health, can be particularly important. For example,

a healthy male marathon runner may have a baseline
resting heart rate of 50 beats per minute (bpm) due to a
well-conditioned heart. In comparison, a heart rate of
less than 60 bpm may represent a clinically important
bradycardia in a 75-year-old patient with a history of
cardiac disease whose “normal” resting heart rate is 88
bpm. It is important to note that many elderly subjects
are on medications (B-blockers/calcium channel block-
ers) that lower heart rate.

As another example of the importance of monitoring
trends in vital signs, a patient with a history of chronic
hypertension in the intensive care unit (ICU) may have
a current blood pressure of 95/70 mm Hg. Although
this would be considered in the normal range for most
patients, it represents a large deviation from baseline
for this patient and could indicate a problem, such as

BOX 5-3
Heart Rate in Adults

Proximal lower extremities: Examine the inguinal, femoral, and popliteal regions for adenop-

early sepsis. Although single measures of vital signs
provide helpful information, trends and changes are
very important to note.

Heart Rate

Most commonly, heart rate is assessed by taking the
patient’s pulse. Heart rate may also be assessed using
pulse oximetry or electrocardiographic (ECG) monitor-
ing equipment. Heart rate varies considerably with age,
activity, and the patient’s baseline health status. A nor-
mal adult resting heart rate (HR) is between 60 and 100
beats per minute (bpm).>® Heart rate tends to increase
with age in adults. In infants and young children, heart
rate declines as the child gets older. For example, a
heart rate of 130 bpm in the newborn would be con-
sidered normal, whereas a normal heart rate for a 2- to
3-year-old child is about 110 bpm.>¢ Regardless of age,
the pulse should be regular with little variation with
the respiratory cycle. Box 5-3 lists the normal range for
adult heart rate. Box 5-4 lists the normal heart rate in
infants and children.

Classification ‘ Beats per Minute (bpm) ‘ Common Causes

Normal 80 (range 60-100) -

Tachycardia > 100 Hypoxia, cardiac disease, fever, exercise, and anxiety.

Bradycardia <60 Very severe hypoxia, heart disease, arrhythmia, and vagal stimulation. Well-trained
athletes may have a “normal” resting heart rate in the 50s.
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Vital Signs

Tachycardia is associated with a many patho-
logic conditions, including, but not limited to,

L hypoxia, anemia, blood loss, hypovolemia; hypo-
BOX 5-4 tension, shock, heart disease, arrhythmia (e.g.,
Heart Rate in Infants and Children sinus tachycardia, supraventricular tachycardia,

and ventricular tachycardia), uncontrolled pain,
and fever. Certain drugs may elevate HR to the
per minute) per minute) point of tachycardia. Examples include the sympa-

Normal (beats Range (beats

thomimetics (e.g., epinephrine, isoproterenol, and

Infants 135 (approximate) 110-150 dopamine), anticholinergic drugs (e.g., atropine),

Children (age): xanthenes (e.g., theophylline, caffeine), nicotine,
and cocaine. Although an increased heart rate is a

1 year 125 80-140 normal response to vigorous exercise, a HR > 100
bpm is considered tachycardia, regardless of the

2 years 110 80-130
cause.

3 years 105 80-120
Bradycardia

4 years 100 70-115
A HR < 60 bpm is considered bradycardia.>”

10 years 80 70-110 Bradycardia can be caused by severe hypoxia,
vagal stimulation, severe acidosis, cardiac disease,
arrhythmia (e.g., heart block), and the administra-
tion of certain medications, such as -blockers.
Many athletes have a larger than normal heart

and a corresponding larger stroke volume and reduced

Heart rate can be assessed in a variety of ways; how- resting heart rate. Well-trained endurance athletes
ever, it is important to consistently use the same tech- often maintain resting heart rates in the forties or fif-
nique in the same patient. For a fast assessment, if the ties. Overall, it is important to note the patient’s symp-
pulse is regular, the clinician may palpate the patient’s toms when experiencing an episode of bradycardia.
radial pulse and count the heart rate for 15 seconds Asymptomatic bradycardia requires prompt evaluation,
and then multiply this number by four to calculate the whereas symptomatic bradycardia may require emer-
estimated heart rate. A more accurate assessment is gent intervention either with chronotropic medications
obtained by counting the pulse for 30 seconds and then or artificial pacing.

multiplying by two. If the pulse is irregular, the heart

rate should be counted for a full minute. When assess-

ing the pulse, the clinician should also note the regular-

ity and quality of the pulse using common terminology

for describing pulse quality (see Box 5-5). Box 5-6

describes the steps in assessing the radial pulse. BOX 5-5

Characteristics of the Pulse

Tachycardia
In adults, a HR > 100 bpm is defined as tachycardia.®’ Rate Rapid, normal, or slow
An elevated heart rate is a normal physiologic response
to vigorous activity, such as running or walking up Rhythm Regular or irregular
mult.1p1e fllghts‘ of stairs. With exercise, the predicted Strength N
maximum HR in adults can be estimated as:

Amplitude 4 = Bounding!

HR max = 220 — Age in years 3 = Full. increased

Thus, a 20-year-old would have an expected maximum % . gprr.n.alhordeﬁpec;ted
heart rate of 200 bpm (HR max = 220 — 20 = 200 bpm); - pg:;lg::lef s
this would decline to 140 bpm for an 80-year-old (HR 0 = Absent, not palpable
max = 220 — 80 = 140 bpm).
Anxiety and fear may elevate HR as a part of the ! A full, bounding pulse is associated with exercise or distress.

normal “flight-or-fight” response to a perceived exter- > A weak, thready pulse is associated with diminished cardiac
nal threat. HR also increases with body temperature; output.

for each 1 degree Fahrenheit increase, HR increases
about 10 bpm.?
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144 CHAPTER 5 Physical Assessment

BOX 5-6

Procedure for Assessing the Radial Pulse

Wash hands.
Identify the patient.

RN

bony prominence.

2

Position patient’s arm across the lower chest-upper abdomen (in lap), palm down.
Place the index, middle, and fourth fingers gently on the skin at the site where the artery passes next to a

If pulse is regular, count for 30 seconds and multiply by 2.

a. If the pulse is very regular or for a quick check, count for 15 seconds and multiply by 4.

b. If the pulse is irregular, count for a full minute.

6. Record the following:

a. Rate: Record the number of beats per minute.

b. Rhythm: Regular, irregular (pulse may be regular, regularly irregular, or irregularly irregular).

c. Strength: By pressing gently against side of vessel, note the strength of the pulse (weak or thready vs.
strong, full, or bounding). Note: You can cut off the pulse if you press too hard.

d. Amplitude: bounding (4), full (3), expected (2), diminished (1), absent (0).

Key Points

+ Radial, brachial, or femoral sites can be used to assess pulse.

« Do not use your thumb (it has a pulse).

« Assess for 30 seconds and multiply by 2. Assessing for 15 seconds and multiplying by 4 provides
a quick check. If the pulse is irregular, assess for 1 full minute.

Character of the Pulse

The character of the pulse should be assessed, because
it may provide useful information about the patient’s
condition. The pulse rhythm may be regular or
irregular. An irregular pulse is associated with cardiac
arrhythmia. The amplitude of the arterial pulse may
be described as bounding, full, expected, diminished,
or absent (see Box 5-5). A weak, thready pulse is asso-
ciated with diminished blood flow. The pulse can be
diminished for many reasons, including hypovolemia,
hypotension, shock, myocardial infarction (MI), con-
gestive heart failure (CHF), or poor or blocked periph-
eral perfusion (e.g., clots, atherosclerosis). Unequal or
delayed pulses may help diagnose specific abnormali-
ties. For example, aortic dissection or stenosis of the
left subclavian artery may result in a strong right radial
pulse and a weak left radial pulse. “Pulse pressure,” the
difference between the systolic and diastolic pressure,
is also helpful and is increased in sepsis and narrowed
in hypovolemia. Abnormal arterial pulses include pul-
sus alternans, pulsus paradoxus, and pulsus bisferiens
(see Box 5-7).

Respiratory Rate

Respiratory rate varies with age and level of activ-
ity. A healthy full-term newborn may have a respira-
tory rate of 40 breaths per minute (range of 35 to 45

per minute).> A healthy 2- to 3-year-old child might
have a respiratory rate of about 28 breaths per min-
ute, whereas a 12-year-old child might have a normal
respiratory rate of 18 breath per minute.” The normal
adult respiratory rate is 12 to 20 breaths per minute.>®
Respiratory rate increases with activity and is reduced
with relaxation and sleep. Table 5-2 lists normal values
for respiratory rate for infants, children, and adults, as
well as terms sometimes used to describe alterations in
respiratory rate. Box 5-8 describes the steps in assess-
ing respiration.

TABLE 5-2
Normal Values of Respiratory Rate

Age Group ‘ Normal Range of Breaths per Minute

Adults 12-20
Infants 30-40
Children 18-30, but varies with age

Terms used to describe rate and depth of breathing:

Eupnea: Normal breathing (rhythm and rate).

Tachypnea: Rapid respiratory rate (remember that tachypnea does not equal
hyperventilation)

Bradypnea: Decreased respiratory rate.

Depth (apparent): Normal, shallow, deep.
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Vital Signs

BOX 5-7

Abnormalities of the Pulse

Pulsus bisferiens: A pulse characterized by two systolic peaks and associated with aortic regurgitation. Hyper-
tropic cardiac myopathy, large patent ductus arteriosis, mitral valve prolapse, and hyperdynamic circula-
tory states (such a septic shock) have been associated with pulsus bisferiens.

Pulsus parvus: A small, weak pulse that seems to rise and fall slowly in magnitude. Associated with aortic
stenosis and increased peripheral vascular resistance.

Pulsus paradoxus: Decrease in force (not rate), almost to the point of disappearance during inspiration (only).
Constrictive pericarditis, pericardial effusion, and cardiac tamponade are important causes. Hypvolemic
shock, heart failure, increased venous return on inspiration, severe emphysema, and asthma have been
associated with pulsus paradoxus. It is significant if inspiratory blood pressure (systolic) falls more than
20 mm Hg on inspiration.

Pulsus alternans: Strong beats alternating with weak beats. Left ventricular failure is the most im-
portant cause. Severe hypertension, cardiac tamponade, severe aortic regurgitation, and coronary
artery disease have been associated with pulsus alternans.

Tachypnea

In adults, a respiratory rate > 20 breaths per minute is

BOX 5-8 described as tachypnea.>® Tachypnea is a normal physi-
ologic response to hypoxemia (see Chapter 6). Causes
Procedure for Assessing Respirations of hypoxemia include reduced inspired oxygen tension
Normally pulse and respirations are assessed in (such as occurs at altitude); obstruction of the conduct-
the same session. Because patients may change ing airways; mismatch of alveolar gas to pulmonary
their ventilatory rate or pattern if they think their capillary blood flow (e.g., low V/Q, shunt, or increased
respirations are being counted, it is suggested that deadspace); and problems with diffusion across the lung
the clinician take the pulse and then continue as if (e.g., interstitial lung disease often causing only exer-
still checking the pulse while counting the respira- cise hypoxemia). Pulmonary diseases seen in the acute
tory rate. care setting that may lead to respiratory failure and the
) development of tachypnea include atelectasis, pneu-

1. Wash hands and put on gIO\{es (if needed). monia, pulmonary edema (cardiogenic and noncardio-

2. Make sure chest and abdominal movements genic), asthma exacerbation, and acute exacerbation of
g el L . ) chronic obstructive pulmonary disease (COPD).

3. Observe 2 oo et lnsplaon st g Sudden onset dyspnea, tachypnea, and pleuritic
ration to make sure you can detect a full chest pain are often seen in patients with acute pul-
breath. d | monary embolus, though these findings are highly

& Couit resplrapons. . variable and nonspecific.® Cardiac insufficiency may
a. Inadults, if the thythi is regu!ar, tien cause circulatory hypoxia and tachypnea. Tachypnea

coun‘f Yor 30'seconds and multhly by2: and hyperventilation are also physiologic responses to
b. .In children, infants, or adults with an metabolic acidosis, including lactic acidosis, diabetic

irregular rhythm, count the rate for a full ketoacidosis, and acidosis due to kidney failure. Other

minute. o causes of tachypnea include anxiety or panic attack and

5. Observe respirations for: severe pain.

a. Rate

b. Apparent depth Tachypnea and Alveolar Ventilation

c. Regularity (rhythm) It is important to distinguish between tachypnea,

d. Diaphragm—chest wall synchrony hyperventilation, and hypoventilation. Hyperventilation

6. Record data. is defined as a level of alveolar ventilation that results

7. Wash hands. in a Paco, < 35 mm Hg, whereas tachypnea in adults

is simply a respiratory rate > 20 breaths per minute.
Hypoventilation, in contrast, is a level of ventilation
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146 CHAPTER 5 Physical Assessment

that results in a Paco, > 45 mm Hg. Tachypnea and
hyperventilation are two different conditions that
may or may not occur together. In fact, many patients
with ventilatory failure exhibit tachypnea and alveolar
hypoventilation at the same time for reasons that are
discussed below. The relationship between Paco, and
alveolar ventilation is discussed more thoroughly in
Chapter 7.

Rapid Shallow Breathing and Respiratory Failure
Many patients with acute respiratory failure experience
a decline in lung compliance due to pulmonary disease,
such as atelectasis, pneumonia, or pulmonary edema.
With reductions in compliance, the lung becomes
more difficult to inflate, and the work of breathing is
increased. This often results in a reduction in inspired
tidal volume. A normal adult tidal volume (V) is
approximately 500 mL (range 400 to 600 mL), and a
normal respiratory rate (f) is 12 breaths per minute
(range 12 to 20 breaths/min). A normal minute volume
(VE) is respiratory rate (f) multiplied by the tidal
volume (V_):

V. =fxV,
V, =12%500 mL = 6000 mL/min = 6.0 L/min

In order to maintain minute volume, patients with
reduced tidal volumes will often attempt to increase
their respiratory rate. For example, a patient with atel-
ectasis and pneumonia may have a tidal volume of only
200 mL because the lung has low compliance and is
difficult to inflate. This patient may try and compensate
by increasing his or her respiratory rate to 30 breaths
per minute. The resultant minute volume is calculated
as follows:

V. =fxV,

V;: =30%200 mL = 6000 mL/min = 6.0 L/min

By definition, this patient has tachypnea (f = 30 breaths/
min). The patient also has a reduced tidal volume (V.
=200 mL) and thus is exhibiting rapid shallow breath-
ing, which is one of the most common findings in acute
respiratory failure. With rapid shallow breathing, the
increase in respiratory rate can sometimes maintain the
patient’s minute volume, as was shown in the example.
Unfortunately, the small tidal volumes and rapid respi-
ratory rates may be insufficient to maintain adequate
alveolar ventilation, causing an increase in Paco,. This
is because of the increasing proportion dead space
assumes for each breath.

Dead space is the volume of gas in the conducting
airways plus any alveoli that are ventilated but not per-
fused. Normal dead space (V) is about 150 mL (about
2.2 mL/kg of ideal body weight). Alveolar ventilation
per breath (V ) is tidal volume minus dead space (V.

— V) and alveolar ventilation per minute (V,) is tidal
volume minus dead space multiplied by the rate:

V, =(V; = V) xf

With a normal V and V, the alveolar ventilation (VA)
per breath and per minute would be 350 mL and 4200
mL, respectively:

V, per breath =V, =V, =500 —150 = 350 mL
V, per minute = (V,. — V) X f = (500 — 150)12 = 4200 mL/min

However, with reduced Vo alveolar ventilation can be
dramatically reduced. In our previous example, the
patient was exhibiting rapid shallow breathing (f = 30;
V. =200 mL). Assuming a normal dead space of 150
mL, the patient’s minute volume and alveolar ventila-
tion would be:

V, per breath = V. — V,, = 200 150 = 50 mL

V, per minute = (V. — V,,) X f = (200 —150)30
=1500 mL/min = 1.5 L/min

V; =30 %200 mL = 6000 mL/min = 6.0 L/min

This example demonstrates that with rapid shallow
breathing there is often a significant decrease in alveo-
lar ventilation, even when minute volume is main-
tained. In the previous example, a V, of 1.5 L/min
could result in a Paco, of over 100 mm Hg*—severe
hypoventilation.

RC Insights

A respiratory rate of greater than 30 breaths per minute when
combined with a spontaneous tidal volume of < 300 mL is as-
sociated with impending ventilatory failure.

Bradypnea

Bradypnea is defined as a respiratory rate of < 12
breaths per minute in adults.>® Bradypnea is often
associated with neurologic depression of the medullary
center. Common causes of bradypnea include overdose
of central nervous system (CNS) depressants (inten-
tional or iatrogenic) and neurologic insult from trauma
or disease. CNS depressants that may cause bradypnea
include the opiates (e.g., morphine, heroin, hydro-
codone), benzodiazepines (e.g., valium, lorazepam),
barbiturates, and alcohol. Severe hypoxia can lead to
bradypnea, irregular breathing, and respiratory arrest.

“Paco, = (0.863 x VCOZ) + V , assuming a normal
Vco, of 200 mL/min and a \'N of 1.5 L/min, then
Paco, = (0.863 x 200) ~ 1.5 =115 mm Hg. For more
information regarding Paco, and V,, see Chapter 7.
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Blood Pressure

Arterial blood pressure is a measure of the pressure
within the arteries as the blood moves through the
arterial system. Arterial blood pressure is determined
by the force of ventricular contraction and cardiac
output, blood volume and viscosity, systemic vascular
resistance, and the elasticity of the arterial vessel walls.
Cardiac output is determined by stroke volume and
heart rate. There are several arterial pressure measure-
ments of interest:

m Systolic arterial pressure: The peak pressure
within the artery during left ventricular contrac-
tion (systole).

® Diastolic pressure: The lowest pressure within the
artery during left ventricular filling (diastole).

B Pulse pressure: Systolic pressure minus diastolic
pressure.

B Mean arterial pressure (MAP): The mean pressure
within the artery. MAP is approximately equal to
the diastolic pressure plus one-third of the pulse
pressure.

Blood pressure is typically recorded as the systolic
pressure (top number) over the diastolic pressure
(bottom number) in mm Hg. At the bedside, blood
pressure can be measured in a variety of manners;
the most accurate is an invasive method that requires
cannulation of an artery, commonly the radial artery.
Arterial cannulation (arterial line placement) is gener-
ally reserved for critically ill patients requiring close
monitoring. It should be noted that arterial line mea-
surement of blood pressure tends to overestimate
systolic pressure and underestimate diastolic pressure,
but accurately reflects MAP. In most patients, a sphyg-
momanometer is utilized along with a stethoscope or
Doppler device. The sphygmomanometer consists of a
cuff with an inflatable bladder, an inflating bulb, a con-
trolled exhaust for deflation, and a manometer. When
assessing the patient’s blood pressure, it is important
that the clinician uses the appropriate size blood pres-
sure cuff. Inaccurate sizing can lead to erroneous
readings that are either falsely elevated or too low. To
ensure appropriate sizing of the blood pressure cuft
the clinician should measure the cuff for each patient.
According to the American Heart Association the
“ideal” cuff should have a bladder length that is 80%
of arm circumference and a width that is at least 40%
of arm circumference (a length-to-width ratio of 2:1).
Table 5-3 lists suggested pressure cuff sizes based on
arm circumference. Box 5-9 describes the steps to
assess blood pressure.

As noted with heart rate and respiratory rate, blood
pressure (BP) varies with age. BP values steadily climb
from birth and reach the adult mean normal values
of 120/80 mm Hg at approximately 18 to 20 years of

Vital Signs

TABLE 5-3
Blood Pressure Cuff Size

Patient’s Arm Circumference (cm) ‘ Size

22-26 “Small adult,” 1222 cm
27-34 “Adult,” 1630 cm

35-44 “Large adult,” 1636 cm
45-52 “Adult thigh,” 1642 cm

age.*'® Normal and abnormal arterial blood pressures
are listed in Box 5-10.

Hypertension

Systemic hypertension in adults is defined as a sus-
tained systolic pressure of > 140 mm Hg or a sustained
diastolic pressure of > 90 mm Hg."* The diagnosis of
hypertension using ambulatory blood pressure mea-
surement depends on the time span over which it is
measured because blood pressures recorded during
sleep are normally lower than waking blood pressures.'
It is interesting to note that a significant number of
patients are thought to have “white coat” hypertension
in which blood pressure is normal at home or work, but
is elevated when measured in the clinic setting.'’

Box 5-11 lists risk factors associated with the devel-
opment of hypertension. Factors associated with the
development of hypertension include smoking, obe-
sity, race, heredity, and Type A personality. Persistent
hypertension can lead to left ventricular hypertrophy
and CHF, M, ischemic stroke, hemorrhagic stroke, and
kidney disease. Severe elevations in blood pressure (dia-
stolic pressure > 120 mm Hg) are life threatening.'

Most patients with high blood pressure have pri-
mary, or essential, hypertension.!!! Secondary hyper-
tension is due to a specific underlying disease such as
renal disease or an endocrine disorder. About one-third
of the adult population in the United States has hyper-
tension, and in many cases it is poorly controlled.!*!
Patients with chronic hypertension should be coun-
seled and encouraged to make lifestyle changes. These
include weight loss if overweight or obese, sodium
restriction, smoking cessation and avoidance of sec-
ondhand smoke, increased physical activity (at least
30 minutes per day of aerobic exercise), stress man-
agement, and moderation of alcohol consumption.™
Eating habits should be reviewed and patients should
be encouraged to consume a diet rich in fruits and veg-
etables and to use low-fat dairy products and reduce
total fat intake.!

Antihypertensive medications should generally be
prescribed for patients with a persistent elevation in
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11.

12.

13.

14.

15.
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BOX 5-9

Assessment of Blood Pressure by
Auscultation

Introduce yourself.

Wash hands.

Identify the patient.

Explain the procedure.

Position patient and expose arm.

Palpate brachial artery.

Place cuff around arm 2 to 3 cm above
anticubital fossa with arrows centered over
radial artery.

Wrap cuff snug.

Position pressure gauge where you can see
it.

Palpate brachial pulse.

Rapidly inflate to peak occlusion pressure
(the point at which pulse disappears while
palpating brachial pulse). Generally, cuff is
inflated to 30 mm Hg above systolic pres-
sure.

Position bell of scope over brachial artery
just below the lower edge of the cuff.
Deflate cuff at a rate of 2 to 3 mm Hg per
heartbeat.

Systolic pressure is where Korotkoft’s sound
is first heard.

Diastolic pressure is where Korotkoff’s
sound is muffled (disappears in most
patients) or dampened. American Heart
Association says diastolic pressure in adults
is the fifth Korotkoff sound (fourth in chil-
dren).

Key Points

Inflate cuff to approximately 30 mm Hg past
the point where the brachial pulse disap-
pears upon palpation.

Deflate cuft at a rate of 2 to 3 mm Hg per
heartbeat.

Systolic pressure is where Korotkoft’s sound
is first heard.

Diastolic pressure is where Korotkoft’s
sound is muffled (i.e., disappears in most
patients).

Diastolic pressure is usually recorded as the
fifth Korotkoff sound (silence as the cuff
pressure drops below the diastolic blood
pressure).

BOX 5-10

Normal and Abnormal Blood Pressure

Normal: 120/80 mm Hg*
o Normal range for systolic is 90—140 mm Hg
« Normal range for diastolic is 60—90 mm Hg
Prehypertension
« Systolic pressure > 120 but < 139 mm Hg
« Diastolic pressure 80—-89 mm Hg

Hypertension
o Stagel
o Systolic pressure 140—159 mm Hg
OR
o Diastolic pressure 90-99 mm Hg
o Stage?2
o Systolic pressure > 160 mm Hg
OR

o Diastolic pressure = 100 mm Hg
Hypotension: Blood pressure < 90/60 mm Hg
Changes in blood pressure:

o Increased systolic pressure implies increased
resistance of arterial tree (thickening of arte-
rial walls, elasticity).

o Decreased systolic pressure implies de-
creased resistance (peripheral vascular col-
lapse, shock, weak left ventricle).

o Increased diastolic pressure implies in-
creased peripheral vascular resistance.

o Decreased diastolic pressure implies de-
creased peripheral vascular resistance.

o Pulse pressure = Systolic pressure — Diastol-
ic pressure = 120 — 80 = 40 (normal value).

Pulse pressure is affected by:

o Stroke volume of heart. Decreased stroke
volume results in decreased pulse pressure
and vice versa.

« Compliance of arteries. Decreased compli-
ance results in decreased pulse pressure.

Mean arterial pressure (MAP) = 3 (Systolic pres-
sure — Diastolic pressure) + Diastolic pressure =
1 (120 - 80) + 80 = 93 mm Hg (normal value).

*Blood pressure < 140/90 mm Hg but > 120/80 mm Hg may be
considered prehypertension.
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BOX 5-11

Risk Factors Associated with the
Development of Hypertension

Race: Blacks have greater risk than whites.

Heredity: Risk increases if one or both parents
have/had hypertension.

Excessive salt (Na*) intake

Alcohol abuse

Obesity

Sedentary lifestyle

Hyperlipidemia

Depression or Type A behavior

Vitamin D deficiency

Data from: Kaplan NM, Domino FJ. Overview of hypertension
in adults. In: UpToDate, Basow, DS (ed.), UpToDate, Waltham,
MA, 2012.

systolic (= 140 mm Hg) or diastolic pressures (> 90 mm
Hg) despite lifestyle and diet changes.!! A variety of
antihypertensive medications are available, including
the thiazide diuretics, ACE (angiotensin converting
enzyme) inhibitors, angiotensin II receptor blockers,
calcium channel blockers, and -blockers.! Choice

of antihypertensive medications should be based on
evidence-based guidelines, such as those provided by
the American Heart Association. Though p-blockers
are commonly prescribed, they may not offer the same
level of protection against stroke as other medications."
The goal of therapy is generally to maintain blood
pressure < 140/90 mm Hg, although treatment goals
may vary depending on the patient’s condition. For
example, in patients with diabetes or chronic kidney
disease, there may be some benefit from a lower goal
for blood pressure (e.g., < 130/80 mm Hg).!! Figure 5-1
provides an example of an algorithm for the treatment
of hypertension.

Malignant hypertension and hypertensive encepha-
lopathy are life-threatening conditions associated with
very high arterial blood pressures, usually > 180/120
mm Hg."? Hypertensive encephalopathy is associated
with the development of cerebral edema, whereas
malignant hypertension may occur in patients with
chronic, poorly controlled hypertension who have
discontinued antihypertensive therapy.'* Renal artery
stenosis may also contribute to the development of
malignant hypertension.!? Initial treatment of a hyper-
tensive emergency should include administration of
parenteral antihypertensive medications such as nicar-
dipine or nitroprusside.

Vital Signs

Hypotension

Hypotension can be defined as a sustained arterial
blood pressure of less than 90 mm Hg over 60 mm Hg
(systolic over diastolic).>® Hypotension can be caused by
decreased cardiac output, peripheral vasodilatation, or
low circulating fluid volume (hypovolemia). Common
causes of hypotension include dehydration, blood loss,
sepsis, heart disease, and shock.” Addison’s disease is

a rare form of chronic adrenal insufficiency in which
low blood pressure worsens when standing (orthostatic
hypotension) and may be critically low when patients
develop stress (e.g., severe infection).

Shock may be defined as inadequate tissue perfu-
sion and oxygenation, usually due to hypotension.>*?
Clinical findings in patients with shock include low
blood pressure; decreased urine output; cool, clammy
skin; altered mental status; and metabolic acidosis.>*?
Types of shock include cardiogenic shock, hypovole-
mic shock, and distributive shock. Cardiogenic shock
is caused by low cardiac output. Hypovolemic shock
is caused by inadequate intravascular volume due to
blood or fluid loss. Distributive shock (aka redistribu-
tive shock) is caused by inappropriate peripheral vaso-
dilatation resulting in decreased systemic vascular
resistance (SVR) and low blood pressure. Types of
distributive shock include septic shock, neurogenic
shock, adrenal insufficiency, and anaphylactic shock.
Shock may lead to cell and organ damage and death.
Treatment of shock includes aggressive fluid replace-
ment and treatment of the underlying cause. In the case
of cardiogenic shock, drugs to improve cardiac function
may be administered.

Temperature

Body temperature is an important vital sign that is
routinely measured in adult and pediatric patients.
Temperature is usually measured orally, rectally, or
using an infrared sensor for tympanic (ear) measure-
ment."> An infrared sensor for axillary temperature
measurement is available and correlates well with core
body temperature in neonates. For comparison pur-
poses and to monitor trends, the patient’s temperature
should be taken the same way each time.

Normal adults have variations in core body tem-
perature throughout the day. Temperature is normally
highest in late afternoon and lowest early in the morn-
ing in daytime workers; in nightshift workers this pat-
tern is reversed.® Temperature also varies with activity
level and increases during exercise. The body’s central
regulation of body temperature is located within the
anterior hypothalamus, which maintains a set point for
temperature. Information is relayed to the brain regard-
ing the temperature of the blood within the pulmonary
artery."* The average oral temperature in healthy indi-
viduals is approximately 37° C or 98.6° F. The normal
range for oral temperature is 36.5° C (97° F) to 37.5° C
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‘ Lifestyle modifications ‘ ACEI: angiotensin converting

Y

enzyme inhibitor
AldoANT: aldosterone antagonist
ARB: angiotensin receptor blocker

Not at goal blood pressure (<140/90 mm Hg) BB: B-blocker
(<130/80 mm Hg for those with diabetes or CCB: calcium channel blocker
chronic kidney disease) DBP: diastolic blood pressure

Y

SBP: systolic blood pressure

Initial drug choices .

Without compelling

indications
Stage 1 \ Stage 2
Hypertension Hypertension
(SBP 140-159 or (SBP = 160 or
DBP 90-99 mm Hg) DBP = 100 mm Hg)
Thiazide-type Two-drug combination
diuretics for most. for most (usually
May consider ACEI, thiazide-type diuretic
ARB, BB, CCB, or and ACEI, or ARB,
combination or BB, or CCB.

Y

With compelling
indications

Drug(s) for compelling indications:
¢ Heart failure: thiazide diuretic,
BB, ACEI, ARB, AldoANT
¢ Postmyocardial infarction: BB,
ACEI, AldoANT
¢ High coronary disease risk:
thiazide diuretic, BB, ACEI, CCB
Diabetes: thiazide diuretic, BB,
ACEI, ARB, CCB
Chronic kidney disease: ACEl,
ARB
Recurrent stroke prevention:
thiazide diuretic, ACEI

!

Not at goal blood pressure

Optimize dosages or add additional drugs until goal
blood pressure is achieved.
‘Consider consultation with hypertension specialist.

FIGURE 5-1 Algorithm for the treatment of hypertension.

Modified from: The Seventh Report of the Joint Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. United States Department of Health

and Human Services.

(99.5° F). Rectal temperatures are about 1.0° F (or 0.6° C)
higher than oral temperatures, whereas axillary tem-
perature in adults is about 1.0° F (0.5° C) less than oral
temperature.>'® A persistently elevated temperature or

low temperature is typically indicative of a pathologic
process occurring. Normal temperatures are listed in

Table 5-4. Box 5-12 describes body regulation of tem-
perature and types of fever.
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TABLE 5-4
Normal Temperature by Measurement Method

Method ‘ Normal ‘ Accuracy

Oral 97°-99.5° F ++
36.5°-37.5°C

Rectal 98.7°-100.5°F = +++

37.1°-38.1°C

96.7°-98.5° F +
35.9°-36.9°C

Axillary

Tympanic (ear) Similar to rectal Varies, though should
be similar to core
temperature when done

properly

Key Points:

e Rectal > oral > axillary (= 1° F < oral).

e Normal temperature fluctuates with daily diurnal cycle.
o Higher between 4 and 6 pm
o Lowest at 6 am

e Ranges consistent with life: 24°-45° C (74°~114° F)

e Temperature > 40.6° C or > 105° F is critical and should be
considered a medical emergency.

Fever

Elevated body temperature is caused by excessive heat
production or inadequate heat dissipation. This can be
due to environmental conditions, damage to the normal
thermoregulatory response, or elevation in the body’s
set point for temperature.® Fever is an abnormally
elevated body temperature due to disease that affects
the hypothalamic set point. Pyrogens are substances
that may be released due to tissue necrosis, infection,
inflammation, and certain tumors. Pyrogens cause
fever by elevating the body’s temperature set point.
There has been much debate over what actually defines
fever considering the normal variations of body tem-
perature throughout the day. Normal temperature var-
ies throughout the day and night and with activity level.
However, in patients with a normal baseline tempera-
ture, fever generally corresponds to an oral tempera-
ture > 37.5° C (99.5° F) or a rectal temperature > 38.0°
C (100.5° F); temperature > 38.3° C (101° F) should be
considered fever in most patients.>*'® A fever typically
indicates that infection is present in the body, although
various autoimmune and inflammatory disorders can
cause a persistently elevated temperature.'” Tachypnea
and tachycardia are clinical signs that often occur dur-
ing a febrile episode due to an increased metabolic rate.
Most fevers are caused by infection, often of viral
origin, but bacteria, fungi, and parasites may also cause
infection.’ Common infectious causes of fever include
influenza, upper respiratory tract infection, pneumo-
nia, and gastroenteritis. Tuberculosis, Rocky Mountain
spotted fever, Lyme disease, malaria, typhoid fever,

Vital Signs

and dengue fever provide examples of infectious dis-
eases that may initially present as fever. Causes other
than infection are numerous but are less common and
may be ruled out during the course of the assessment.
These include endocrine disease (e.g., hyperthyroidism);
immunologic disease (e.g., systemic lupus erythema-
tosus, and sarcoidosis); tissue destruction (e.g., myo-
cardial infarction, pulmonary infraction, and stroke);
reaction to blood products; certain cancers; and meta-
bolic disease, such as gout.® Fever with illness of at least
3 weeks duration, temperatures > 38.3° C (100.9° F),
and no diagnosis reached following three or more clinic
visits or 3 or more days in the hospital is the definition
of fever of unknown origin (FUO).> The most common
causes of FUO are noninfectious inflammatory disease,
unidentified infection, and malignancies.

The preferred antipyretic medication is acetamino-
phen, though aspirin or nonsteroidal anti-inflammatory
drugs (NSAIDs) such as ibuprofen are often pre-
scribed.'® Both aspirin and acetaminophen are equally
effective in reducing fever; acetaminophen in combina-
tion with aspirin has been shown to be more effective
than either when used alone.’® Aspirin and NSAIDs
may cause gastrointestinal (GI) irritation, GI tract
bleeding, and impair platelet function. Aspirin use in
children has been associated with the development of
Reye syndrome, a potentially fatal disease that may
elevate intracranial pressure and cause liver failure.
Allergic reactions are common with NSAIDs, and asth-
matics may develop bronchospasm following ingestion
of NSAIDs (including aspirin). Because of the potential
for precipitating or aggravating an asthma exacerba-
tion, NSAIDs should be avoided in these patients.

It is of interest to note that for each 1 degree increase
in temperature above 37° C, there is a 13% increase in
oxygen consumption, and this may further impair oxy-
genation in the presence of cardiac or pulmonary dis-
ease.' It should also be noted that the ability to develop
fever may be impaired in the elderly, and this should be
taken into account in the assessment of older patients.!
Fever may also be reduced or absent with infection in
the newborn, patients with chronic renal failure, or
those receiving corticosteroids.'

Fever may be characterized by the pattern of tem-
perature changes observed over time, and some febrile
diseases have characteristic patterns, though the fever
pattern may be of little or no value in establishing a
diagnosis. Onset of fever may be marked with shiver-
ing and chills.® Night sweats may occur with chronic
infectious disease, inflammatory disease, and certain
malignancies.® Fever may be continuous and sustained,
intermittent, remittent, relapsing, or episodic (see Box
5-12). Fever may also be characterized as mild (37.2°
to 38.9° C or 99° to 102° F), moderate (> 38.9° to 40.6°
C or > 102° to 105° F) or severe (> 40.6° C or > 105° F),
though classification systems vary. The term hyperpy-
rexia is reserved for very high fever, generally > 41.5° C
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152 CHAPTER 5 Physical Assessment

BOX 5-12

Temperature Regulation and Types of Fever

The body’s temperature regulating center is in the hypothalamus. Its main purpose is to regulate body tempera-

ture in a changing environment.

Too hot Sweating, peripheral vasodilatation

Too cold Shivering, peripheral vasoconstriction

Hypothermia < 97° F; occurs with prolonged exposure to cold, general anesthesia, damage to hypothalamus

Hyperthermia > 100° F; occurs in very hot environment, heat stroke, exercise, abnormalities in brain, toxic substances,
infection, inflammation, bacterial diseases, brain tumor, dehydration

Pyrogens Certain fever-producing proteins, breakdown products of proteins (as in disease), or toxins secreted by
bacteria leads to increase in set point of hypothalamus, which results in fever and chills.

Treatment of fever Antipyretics include aspirin/acetaminophen and ibuprofen.

Types of fever Fever may be continuous, intermittent, remittent, relapsing or episodic.

24 hours.
e Most common type of fever.

Continuous fever: Fever remains elevated throughout the day (aka sustained fever) and does not fluctuate more than 0.5° to 1° C in

e Seen with minor infection, lobar pneumonia, urinary tract infection, typhoid fever, and some cases of head injury.

e Seen in malaria (Plasmodium infection).

of 72 hours).

Intermittent fever: Fever spikes with return to normal between spikes.

e Variations include quotidian fever (periodicity of 24 hours), tertian fever (periodicity of 48 hours), and quartan fever (periodicity

e Seen in typhoid fever, infective endocarditis.

Remittent fever: Fever is elevated with marked fluctuations that do not return to normal.

Relapsing fever: Recurring fever for several days interspersed with periods of normal temperature.

Pel-Epstein fever: Occurs with Hodgkin disease and consists of bouts of several days of continuous or remittent fever.

Episodic fever: Fever that lasts for days or longer followed by at least 2 weeks without fever.
e May be familial in origin (e.g., congenital familial Mediterranean fever).

Data from: Gardner DD, Wilkins RL. Cardiopulmonary symptoms. In: Wilkins RL, Dexter JR and Heuer AJ, editors. Clinical
Assessment in Respiratory Care, 6th ed., St. Louis: Mosby Elsevier, 2010: 28—50; Vital signs, anthropometric data and pain. In:
LeBlond RE, Brown DD, DeGowin RL, DeGowin’s Diagnostic Examination, 9th ed. New York: McGraw Hill, 2009: 51-87.

(or > 106.7° F).’ In addition to the administration of
antipyretic medications, cooling blankets should be
considered in the treatment of very high fever.'®

Hyperthermia (as opposed to fever) is an elevated
temperature due to excessive heat production or inad-
equate heat dissipation. Examples of increased heat
production include malignant hyperthermia and heavy
exertion in a hot, humid environment.®* Malignant
hyperthermia is a rare, inherited condition that may be
precipitated by exposure to inhalational anesthetics or
succinylcholine.’

Heat exhaustion (aka heat prostration) may occur
following exertion in a hot, humid environment

resulting in fluid loss (due to excessive sweating) and
electrolyte disturbances. Symptoms of heat exhaus-
tion include faintness, headache, nausea, vomiting, and
cramps.® Tachycardia, hypotension, diaphoresis, and
dilated pupils may be present. The skin may be moist
and cool. Heat exhaustion may lead to heat stroke,
which occurs when the thermoregulatory system fails
and there is a rapid increase in body temperature.® The
patient may become delirious or lose consciousness.
The skin is often hot and dry. Heat stroke can rapidly
prove fatal if not treated. Application of cool (not cold)
or tepid water applied using a damp sponge to reduce
body temperature should be helpful, and intravenous
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fluid administration to correct dehydration should

be considered. Antipyretics are of no use in treating
hyperthermia.'® Causes of inadequate heat dissipation
include certain medications and metabolic disease that
interferes with thermoregulation.

Hypothermia

Body temperature normally decreases at night, and
normal values may be as low as 35.0° C (95.0° F) during
sleep.® An abnormally low body temperature (hypo-
thermia) can occur due to exposure to environmental
cold, as may occur during winter or with cold water
immersion. An abnormally low body temperature is
also sometimes seen in chronic kidney dialysis patients
and occasionally in patients with liver cirrhosis and
in diabetics in septic shock. Hypothermia reduces the
metabolic rate and tissue demand for oxygen. Shivering
increases heat production and is a physiologic response
to decreased body temperatures. Because of the reduc-
tion in metabolic rate, hypothermic patients may exhibit
slowed or shallow breathing. The prognosis for cold
water near-drowning patients is more favorable when
compared to an equal time of submersion for warm
water near-drowning patients due to the reduction in
oxygen consumption. Intentional body cooling is often
used during certain types of surgery, such as cardiac
transplant surgery, to prevent or reduce tissue damage.
When hypothermia is observed due to nonenviron-
mental causes, the clinician should suspect involvement
of the hypothalamus. In these cases, low body tempera-
ture should alert the clinician to a possibly significant
neurologic incident, such as head trauma, stroke, or
evolution of a mass.” Low body temperature may also
occur in patients with severe infections, especially in
those with cirrhosis.

Pain
Assessment of pain should be part of the routine physi-
cal examination of the cardiopulmonary patient. Pain
may be somatic (arising from skin, muscles, soft tissue,
bones, ligaments, or tendons), visceral (arising from the
viscera in body cavities due to ischemia, inflammation,
or injury), or neuropathic (arising from nerve injury).®
Pain may also be acute or chronic, localized or general-
ized, and of varying quality and severity. For example,
sharp, stabbing, localized pain is often somatic,
whereas generalized pain (often described as deep pain,
aching, pressing, or squeezing) is more often visceral in
origin.® Burning or hot pain may be neuropathic.’
Patients with cardiopulmonary disease may experi-
ence generalized pain and discomfort or localized pain
due to specific injury or disease. For example, sinus
pain and headache may accompany sinus infection.
Hoarseness and sore throat are common complaints
following extubation. Chest pain is a common symp-
tom in patients with a wide variety of cardiopulmonary

Vital Signs

problems ranging from heart disease to pneumonia,
pleurisy, rib fracture, pneumothorax, and tumor. Chest
pain that responds to nitroglycerin suggests angina,
whereas chest discomfort that responds to antacids sug-
gests acid-peptic disease (e.g., gastroesophageal reflux
disease; GERD).5 Although chest pain is not typically
life threatening, a number of potentially life-threat-
ening causes of chest pain must be ruled out. These
include myocardial infarction, pulmonary embolus,
tension pneumothorax, aortic dissection, and esopha-
geal rupture. The three types of chest pain are subster-
nal, pleuritic, and musculoskeletal (see Chapter 4).

Abdominal pain can also be caused by many dif-
ferent disease states and conditions. Examples include
gastric or intestinal disease, such as peptic ulcers;
gastritis (inflammation of the lining of the stomach or
duodenum); GERD; appendicitis; diverticulitis (inflam-
mation of the sacs lining the intestine); colitis (inflam-
mation of the colon); intestinal obstruction; irritable
bowel syndrome; and inflammatory bowel disease (e.g.,
Crohn’s disease).”” Other causes of abdominal pain
include pancreatitis (inflammation of the pancreas);
cholecystitis (gallbladder inflammation); peritoneal
inflammation; abdominal wall disorders (e.g., trauma,
hernia); toxins (e.g., lead poisoning); metabolic disor-
ders (e.g., uremia, ketoacidosis), neurologic problems;
and referred pain from the heart, lungs, or esophagus."”
Acute, intense abdominal pain with hemodynamic
instability represents a medical emergency requiring
immediate attention. Possible causes include dissection
of an abdominal aortic aneurysm; obstruction, perfora-
tion, or rupture of a hollow organ within the abdomen
(hollow viscus rupture); abdominal sepsis; ketoacidosis;
and adrenal crisis (inadequate cortisol secretion)."”

The respiratory care clinician often sees critically ill
patients in the ICU or emergency department, where
pain management is an important part of patient care.
Causes of pain include tissue damage due to specific
disease states, injury, trauma, surgery, and medical pro-
cedures, such as endotracheal intubation and mechani-
cal ventilatory support.' In the ICU, patients may have
multiple invasive lines and catheters (e.g., arterial lines,
central venous lines, chest tubes, urinary catheters) and
are subject to unpleasant or painful procedures, such as
suctioning, airway care, arterial and/or venous puncture,
and bedside thoracentesis or bronchoscopy. Control of
pain and anxiety in the ICU patient is often inadequate,
and this may result in hypermetabolism, increased O,
consumption, and fighting against the ventilator in
patients receiving mechanical ventilatory support.*®

Assessment of pain should be based on what the
patient reports. Useful pain scales include numerical
ratings, visual analog scales, and questionnaires. A
common method is to ask the patient to rate his or her
pain on a scale of 0 to 10, where 0 indicates no pain and
10 indicates the worst possible pain.'® In patients who
are semiconscious, unconscious, or unable to otherwise
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communicate, the presence of the physical signs of pain
(including sympathetic nervous system stimulation
should) should be noted:*®

Grimacing

Writhing

Tachycardia

Hypertension

Tachypnea

Diaphoresis

Piloerection (elevation of the hair follicles of the
skin)

The Behavioral Pain Scale (BPS) and Critical Care
Pain Observation Tool (CPOT) are valid and reli-
able instruments developed for use with critically ill
patients.'”® The BPS sums subscores for the patient’s
facial expression, upper limb movements, and compli-
ance with mechanical ventilation; each subscore has a
range of 1 to 4 for a total score range of 3 to 12 points
(lowest to highest pain). The CPOT uses a similar scor-
ing system based on observation of the patient’s facial

expression (0 to 2 points), body movements (0 to 2
points), muscle tension (0 to 2 points), and compliance
with the ventilator for intubated patients or vocaliza-
tion for extubated patients (0 to 2 points). Total CPOT
scores range from 0 to 8 (absent pain to greatest pain).
Figure 5-2 provides an illustration of CPOT.

Because pain is often underestimated in critically
ill patients, when in doubt, the clinician should pre-
sume and treat pain.'® For conscious patients using a
rating scale, the goal is a pain rating of < 3 out of 10
or < 2 out of 5 points.'® Intravenous administration of
opiates (e.g., morphine, hydromorphone [Dilaudid], or
fentanyl) is generally preferred for analgesia in criti-
cally ill patients.”® Intravenous opiates can be delivered
by bolus injection (for moderate pain); continuous
infusion (moderate to severe pain that is poorly con-
trolled by bolus injection); or using patient-controlled
analgesia (for conscious patients).'* Morphine and
hydromorphone have a longer duration of action than
fentanyl and may be preferred for intermittent bolus
administration.'® Fentanyl provides the most rapid

Indicator Description Score
Facial expression No muscular attention observed Relaxed, neutral 0
Presence of frowning, brow lowering, Tense 1
orbit tightening, and levator
contraction
All of the above facial movements plus Grimacing 2
eyelid tightly closed
Body movements Does not move at all (does not Absence of movements 0
necessarily mean absence of pain)
Slow, cautious movements, touching or Protection 1
rubbing the pain site, seeking
attention through movements
Pulling tube, attempting to sit up, Restlessness 2
moving limbs/thrashing, not
following commands, striking at
staff, trying to climb out of bed
Muscle tension No resistance to passive movements Relaxed 0
Evaluation by passive Resistance to passive movements Tense, rigid 1
ﬂ?x'on — texte!:.smn Strong resistance to passive Very tense or rigid 2
€ WPl @URMILEE movements, inability to complete
them
Compliance with the Alarms not activated, easy ventilation Tolerating ventilator or 0
ventilator (intubated movement
patients) Alarms stop spontaneously Coughing but tolerating 1
Asynchrony: blocking ventilation, Fighting ventilator 2
9 alarms frequently activated
R
Talking in a normal tone or no sound Talking in a normal tone or 0
Vocalization (extubated no sound
patients) Sighing, moaning Sighing, moaning 1
Crying out, sobbing Crying out, sobbing 2
Total, range 0-8

FIGURE 5-2 Critical Care Pain Observation Tool (CPOT).

Reproduced from: Stites M. Observational pain scales in critically ill adults. Critical Care Nurse 33(3):68-78, 2013, Table 4, p. 73. Critical care nurse by SIMMS ASSOCIATES;
AMERICAN ASSOCIATION OF CRITICAL-CARE NURSES. Reproduced with permission of AMERICAN ASSOCIATION OF CRITICAL CARE NURSES in the format Republish in a
book via Copyright Clearance Center.
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onset of analgesia and may be preferred in patients
with bronchospasm because it causes less histamine
release.’® With renal failure or hemodynamic insta-
bility, fentanyl or hydromorphone are recommended
in place of morphine.”® All opioids have similar side
effects, which include nausea and vomiting, depressed
consciousness, and the potential for causing hallucina-
tions.”® Cardiopulmonary side effects of the opiates
include respiratory drive depression, hypotension
(especially in hypovolemic patients), and release of his-
tamine.'® Histamine release is greatest with morphine
and least with fentanyl.’® Other possible opiate side
effects include urinary retention and hypomotility of
the GI tract (ileus or bowel obstruction). Opiate with-
drawal signs and symptoms (e.g., drug craving, anxi-
ety, sweating, tachycardia, tachypnea, vomiting, fever,
and seizures) can occur in patients who have received
moderate to high doses of opioids for as little as 1
week."® Gradual weaning of opiates has been suggested
to avoid withdrawal symptoms. Nonopioid analgesics
include acetaminophen and NSAIDs, such as ibuprofen
and naproxen. Complications of NSAID use include
increased risk of cardiovascular thrombotic events and
GI complications (e.g., gastritis, bleeding, ulcers, and
perforation).'®

CLINICAL FOCUS 5-1
Vital Signs

Vital Signs

Height and Weight

Measurement of the patient’s height and weight is a
routine part of the physical examination. Obesity is
linked to a variety of adverse health outcomes, and the
number of overweight and obese patients in the United
States has skyrocketed over the last three decades.
Unexplained weight loss, however, could signal the
development of acute or chronic disease.

In adult patients, clinicians typically utilize the
height and weight measurements to calculate the
patient’s body mass index (BMI). Calculating the
patient’s BMI can provide a helpful indicator of body
weight adjusted for the patient’s height. BMI can be uti-
lized to estimate body fat content, although it is not a
direct measure. The BMI is helpful for risk stratification
for a variety of chronic and acute disease processes,
such as hypertension, coronary heart disease, diabetes,
and obstructive sleep apnea.”” Based on the calculated
BMI, patients are placed into four separate categories:
underweight, appropriate or normal weight, over-
weight, and obese (see Table 5-5). Overweight or obese
patients are at risk for the development of heart disease,
high blood pressure, stroke, cancer, osteoarthritis, sleep
apnea, diabetes, elevated triglycerides and LDL choles-
terol, metabolic syndrome, and other acute and chronic

A 72-year-old man is admitted to the hospital from an extended care facility. The patient seems confused and
somewhat unresponsive to verbal commands. The respiratory care clinician performs a brief physical assessment

and obtains the following information:

Pulse: 122 bpm

Respiratory rate: 32 breaths/min
BP: 90/60 mm Hg

Temperature: 101°F

‘What additional nontraditional “vital signs” should be obtained?
Answer: Pulse oximetry for measurement of Spo, should be completed. While the patient is somewhat unrespon-
sive to verbal commands, any signs of pain (e.g., grimacing, writhing, tachycardia) should be noted.

A pulse oximeter is used to measure the Spo, while breathing room air:

Spo, = 83%

Describe the patient’s condition based on the available information.
Answer: The patient is exhibiting tachycardia, tachypnea, and borderline hypotension. The patient is febrile, which
may be due to infection. The patient is also somewhat unresponsive and confused, which may be due to hypoxemia

(Spo, of 83% corresponds to Pao, < 50 mm Hg).

‘What steps should the respiratory care clinician now take?
Amnswer: Oxygen should be started at 4 L/min and oximetry repeated. Oxygen flow should then be adjusted to

achieve Spo, > 90%. Additional assessment should then be completed to include a thorough physical examination
and appropriate laboratory studies. Chest imaging may also be required to assess for possible pneumonia.
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TABLE 5-5
Body Mass Index (BMI) and Weight Status

BMI ‘ Weight Status
<185 Underweight
18.5-24.9 Normal
25.0-29.9 Overweight
>30.0 Obese

BMI = Weight (kg)/[Height (m)]?
OR
BMI = Weight (Ib)/[Height (in)]? x 703

Reproduced from: Centers for Disease Control: About BMI for Adults. Last
updated September 2011. Retrieved from: http://www.cdc.gov/healthyweight
/assessing/bmi/adult_bmi/index.html)

health problems.**?° Box 5-13 summarizes the health
risks associated with overweight and obesity.

In addition to assessing BMI, when patients are
admitted to the hospital, especially for cardiovascular
disorders, weight can be used to assess the patient’s
fluid status. Patients with chronic heart failure can be
especially sensitive to changes in fluid balance, and
daily weights can be helpful to determine whether
the patient is fluid-volume overloaded (as indicated by
weight gain) or to assess the effectiveness of diuretics
to eliminate excess fluid. When considering a patient’s
weight, a comparison to the patient’s baseline and
trends are helpful to provide a clear clinical picture.
When noting patient’s daily weights, it is important
that the clinician consider the method used for weight
measurement.”’ When patients are hospitalized, there
are a variety of ways a patient can be weighed, such as
traditional standing scales, wheelchair scales, or bed
scales. Measured weight can fluctuate depending on
how the weight is obtained. For example, bed weights
may vary depending on the contents in the bed (num-
ber of blankets on the bed, pillows, etc.). If there is a
large fluctuation in weight from one day to the next, it
is prudent to assess whether this correlates with other
physical exam findings (e.g., breath sounds, edema,
or oxygen requirements). Ideally, the patient will be
weighed each day with the same scale that has been
calibrated to the manufacturer’s specifications, wear-
ing the same or similar clothing, and with an empty
bladder.*

Weight Loss and Cachexia

Significant weight loss in a previously healthy indi-
vidual can signal serious health problems.?> Malignant
neoplasms (e.g., lung cancer, GI tract cancer,

other); chronic infectious disease (e.g., tuberculo-

sis, HIV, other); chronic inflammatory disease (e.g.,

inflammatory bowel disease, other); endocrine and
metabolic disorders (e.g., hyperthyroidism, diabetes
mellitus, other); and psychiatric disorders (e.g., depres-
sion, anxiety, eating disorders, other) may all cause
involuntary weight loss.?> Malnutrition is caused by
inadequate caloric intake, impairment of gastrointes-
tinal dietary uptake, excessive energy expenditure,

or problems with metabolism.* Severe illness, stress
from surgery, and chronic cardiac or lung disease are
often associated with malnutrition and weight loss.?®
Patients with prolonged illnesses may have severe
weight loss and muscle wasting. The clinical term for
this is cachexia. Common chronic illnesses that are
associated with cachexia are CHF; chronic respiratory
illnesses, such as COPD; and chronic renal failure.?* It
should be noted if a patient is beginning to experience

BOX'5-13
Health Risks of Overweight and Obesity

Overweight or obese patients are at risk for the
development of:
o Coronary heart disease
o High blood pressure
o Stroke
o Type 2 diabetes
« Dyslipidemia (abnormal blood fats):
o Elevated triglycerides
o Elevated LDL (bad) cholesterol
o Decreased HDL (good) cholesterol
o Cancer
o Osteoarthritis (e.g., joint problems of the
knees, hips, and lower back)
o Obstructive sleep apnea and obesity hy-
poventilation syndrome
o Menstrual issues and infertility in women
o @Gallstones
o Metabolic syndrome:
o Increases risk of heart disease, diabetes,
and stroke
 Defined by the presence of three or more
of the following:
o Large waistline (abdominal obesity; i.e.,
“apple shape”)
o Elevated triglycerides
o Low HDL (good) cholesterol
o Elevated blood pressure
o Elevated fasting blood sugar

Modified from: National Institutes of Health, National Heart
Lung and Blood Institute. What are the health risks of over-
weight and obesity? July 13, 2012. http://www.nhlbi.nih.gov/
health/health-topics/topics/obe/risks.html. Accessed February
1, 2013.
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muscle wasting and weight loss. Regardless of the
cause, cachexia is associated with increased morbidity
and mortality. Patients with cachexia have less reserve
than healthier patients and typically have poorer health
outcomes.

General Appearance

When beginning the physical exam, the first step is to
observe the patient’s general appearance. The goal is to
gain a picture of the individual as a whole. Inspection
of the patient should begin at the moment the clinician
first encounters the patient and continue throughout
the assessment. Gender, ethnicity, age, height and
weight, and general state of health should be noted. For
example, men are more likely to develop hemophilia (a
genetic bleeding disorder), whereas sickle cell disease
is more common in African Americans and in persons
of Middle Eastern, Indian, Mediterranean, and African
heritage. Facial expression may provide clues as to the
patient’s emotional state. For example, the patient may
appear to be alert, awake, relaxed, and responsive, or
the patient may appear to be anxious, restless, or con-
fused. General appearance can also provide clues as to
the patient’s nutritional status and whether the patient
is underweight, overweight, or obese. Overweight or
obese patients are at risk for the development of heart
disease, high blood pressure, stroke, cancer, sleep
apnea, diabetes, and blood lipid disorders (see Box
5-13). Malnourished patients may be suffering from

a number of acute or chronic diseases.”* % Important
questions to consider regarding the patient’s general
appearance include:

m Is the patient awake, alert, and responsive?

m Is the patient relaxed and resting quietly?

m Is the patient anxious, restless, or disoriented and/
or confused?

m What is the patient’s position (lying down, sitting
up, other)?

m Are there any signs of respiratory distress?

m What ancillary equipment or supplies are in use
(oxygen equipment, monitoring equipment, intra-
venous lines)?

m What is the patient’s general state of health?

The patient’s general appearance, overall condition,
level of consciousness, respiratory rate and pattern,
and signs of respiratory distress (e.g., use of accessory
muscles, retractions) should be noted. Positional dys-
pnea is common in CHF as well as COPD. For example,
the patient with severe COPD may have great difficulty
breathing while in a supine position. These patients
often sit up, with one or more pillows, even while sleep-
ing. The respiratory clinician should note the patient’s
color and if the patient is sweating excessively (dia-
phoresis). If pulse oximetry is in use, the patient’s Spo,
should be noted, along with any supplemental O, the

General Appearance

patient may be receiving. If cardiac monitoring equip-
ment is in use, the clinician should note the cardiac rate
and rhythm and observe for gross arrhythmias. The
general inspection should include the head and face,
neck, hands and fingernails, and skin of the arms and
extremities.

When observing the cardiopulmonary patient’s gen-
eral appearance, it is important to be alert for the signs
of respiratory failure. Hypoxic patients may exhibit
anxiety, excitement, restlessness, impaired judgment,
and disorientation or confusion (see Chapter 6). Other
signs of respiratory failure include respiratory distress,
tachypnea, hyperventilation, and use of the accessory
muscles. Cardiovascular signs of respiratory failure
include tachycardia, increased blood pressure, and the
development of cardiac arrhythmias. With respiratory
failure and severe hypoxia, respirations may be slowed
and/or irregular, and bradycardia and hypotension
may develop. Loss of consciousness, somnolence, con-
vulsions, and coma are findings associated with very
severe hypoxia and may portend a respiratory and/
or cardiac arrest. Signs of severe respiratory distress
include accessory muscle use, retractions, brief frag-
mented speech, profuse sweating, agitation or altered
mental status, and an inability to lie supine.

Skin

Inspecting the patient’s skin in order to detect changes
in skin color and the presence of edema or diaphoresis
provides useful information.” Skin color varies with
skin pigmentation; however, the nail beds of the fingers
and toes and the gums should be pink. Cyanosis is asso-
ciated with hypoxemia, though it is a variable finding
(see below). Capillary refill should be good, and the skin
and extremities should be well perfused. A pale appear-
ance, with cold, clammy skin is associated with shock
or hypotension. Causes of peripheral edema include
fluid overload, CHE, increased capillary permeability
(e.g., sepsis), and low plasma albumin (e.g., cirrhosis,
nephrotic syndrome, burns). Angioedema is swelling
that may appear in the face, tongue, larynx, hands, or
feet. Angioedema may be caused by an allergic reaction
to a bee sting or insect bite, a drug reaction (e.g., peni-
cillin or other antibiotic), or food allergy (e.g., peanuts,
shellfish). Scars may indicate past trauma or surgery,
and the past medical history should help clarify the
cause of any scars observed.

Diaphoresis

Sweating is a natural mechanism for body temperature
regulation and cooling in the face of vigorous exercise
or a warm or hot environment.?® Excessive sweating
(diaphoresis) can be a sign of acute respiratory distress
(e.g., hypercapnea and ventilatory failure) or cardiac
disease (e.g., MI, CHF). Sweating can also be caused
by fever, infection, certain drugs and medications (e.g.,
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cocaine, morphine, alcohol, and caffeine), anxiety and
stress, pain, ingestion of spicy foods, menopause, low
blood sugar, and withdrawal from alcohol or narcotic
drugs.?®

Cyanosis

Cyanosis is a bluish discoloration of the skin, nail beds,
and mucus membranes caused by an elevated level of
desaturated (deoxygenated) hemoglobin (Hb) in the
arterial blood.” Generally, cyanosis is most readily
observed in the lips, gingiva (gums), and nail beds of
the fingers and toes. The term central cyanosis refers to
cyanosis of the oral mucosa or trunk, whereas periph-
eral cyanosis is observed in the hands, fingertips, and
nail beds of the hands and feet. Central cyanosis is
associated with generalized hypoxemia; peripheral cya-
nosis may be caused by vascular occlusive disease.

Although central cyanosis is generally considered a
sign of hypoxemia, the absence of cyanosis should not
be taken to mean that oxygenation is satisfactory. In
order to develop cyanosis, the level of unsaturated Hb
must exceed 4 to 5 g/dL.** A normal Hb level is about
15 g/dL. Thus, a patient with a normal Hb will probably
become cyanotic when the oxygen saturation falls to
< 67% to 73% (i.e., 4 to 5 g/dL of desaturated Hb).

Patients with chronic hypoxemia and polycythemia
often present with cyanosis. A patient with an Hb of
20 g/dL (e.g., polycythemia) will probably become cya-
notic when the oxygen saturation falls to < 75% to 80%.
Patients with anemia or blood loss have a decreased Hb.
These patients may not develop cyanosis, even though
the blood oxygen content is very low. In a patient with
hemoglobin level of only 8 g/dL, the oxygen saturation
would have to be less than 50% for cyanosis to appear.
Consequently, the presence or absence of cyanosis must
be interpreted cautiously, because cyanosis is a variable
finding, depending on the oxygen saturation and Hb
level. For a further discussion of cyanosis, hemoglobin
levels, and hypoxemia, refer to Chapter 7.

Clinicians should also differentiate whether cya-
nosis is caused by a cardiac or respiratory problem.
Respiratory causes of cyanosis include hypoventilation
and impaired gas exchange in the lung. Cardiac causes
of cyanosis include congenital cardiovascular anoma-
lies in which deoxygenated blood is shunted from the
right to left side of the heart and then pumped to the
peripheral tissues. Due to improved surgical care, con-
genital cyanotic heart disorders are typically treated
in childhood. There are a variety of congenital heart
disorders that can progress to cyanotic heart disease
in adulthood, depending on severity, and should be
considered in adults who present with cyanosis. A thor-
ough examination of the pulmonary and cardiac sys-
tems should be completed in patients who present with
cyanosis. Though it is a variable finding, cyanosis can
indicate impending or current respiratory failure.

Other Alterations in Skin Color

A pale, cold, clammy appearance may be just as omi-
nous as cyanosis. In particular, a pale, cold, clammy
appearance is associated with shock. Other conditions
that may affect skin color include skin rash, allergic
reactions, carbon monoxide poisoning, methemoglo-
binemia, cyanide poisoning, and elevated carbon diox-
ide levels. A skin rash combined with mucosal edema,
nasal polyps, and aspirin intolerance are common in
allergic asthma and is known as triad asthma. Carbon
monoxide poisoning may produce a bright cherry red
skin color, whereas elevated carbon dioxide levels are
sometimes associated with redness of the skin. Cyanide
poisoning may also cause the skin to appear red due

to increased venous oxygen concentration caused by
impaired tissue uptake of O,. An elevated skin tempera-
ture can cause reddening of the skin (erythema) due

to vasodilatation, which may occur with a number of
different conditions, including scarlet fever, cellulitis,
lupus erythematosus, and first-degree burns.”” Jaundice
is a yellowing of the skin associated with liver disease.

Mental Status and Neurologic
Examination

Completing an extensive mental status and neurologic
examination is not warranted for every cardiopulmo-
nary patient; however, certain components of the men-
tal status and neurologic exam can give valuable insight
into the patient’s overall health, respiratory status, and
the severity of disease. The clinician can often assess
aspects of cognitive function and neurologic status dur-
ing the patient interview. The patient’s family and prior
medical records can be helpful to assess alterations
from baseline. It is important to note alterations in the
neurologic examination because these can signal sys-
temic or focal neurologic disorders.

Assessment of Mental Status and Levels of
Consciousness

The assessment of a patient’s mental status should
begin with sensorium (the sensory components of

the brain and nervous system), level of consciousness
(LOCQ), and orientation. This assessment begins at the
start of the clinician—patient encounter. An astute cli-
nician will observe the patient interacting with his or
her environment and other healthcare providers. This
often will provide insight to the patient’s mental and/or
neurologic status. The patient’s LOC may be described
as alert, lethargic, stuporous, semi-coma, or coma.*
With semi-coma the patient responds to pain, but
nothing else (i.e., eyes open with pain stimulus); with
coma there is no response to stimulus (i.e., eyes remain
closed). The patient may be oriented to place, person,
time, and situation. Questions the clinician should con-
sider when assessing a patient’s orientation include:
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m Does the patient know who he or she is?

m Does the patient know who others are and their
names and role(s)?

m Does the patient know where he or she is (place,
city, state, country)?

m Does the patient know the year, season, date, and
time?

Appropriate questions to assess the patient’s orienta-
tion are listed below (see “Mental Status Examination”).
The following terms are often used to describe levels of
consciousness:

m Confused: The patient may have difficulty in
understanding directions or be confused regard-
ing person, place, time, or situation.

m Delirious: Hallucinations may be present.

Lethargic: Patient is sleepy but can be aroused.

m Obtunded: Patient may be difficult to arouse but
responds appropriately.

m Stuporous: Patient does not completely awaken
when attempts are made to arouse.

m Semi-coma: Patient responds only to pain.

m Comatose: Patient is unconscious, does not
respond even to pain.

The difference between an awake, relaxed, and ori-
ented patient versus a confused, anxious, disoriented
patient could be the adequacy of oxygenation and/or
ventilation. The respiratory care clinician should always
be alert to the signs of hypoxia, which may affect cogni-
tion, level of consciousness, and neurologic function.
Remember, the brain is very sensitive to inadequate
oxygen levels. Hypoxia may cause excitement, rest-
lessness, anxiety, overconfidence, impaired judgment,
disorientation, or confusion; severe hypoxia may cause
somnolence, loss of consciousness, convulsions, and
coma.

Level of Consciousness

As noted, patients with neurologic disease and many
patients seen in the acute care setting, especially in
ICUs, have alterations in their level of consciousness.
Trauma, narcotic or sedative drugs, hypoxia, and
circulatory disorders (e.g., shock or hypotension) all
may affect brain function and consciousness. In addi-
tion, patients may be agitated, anxious, restless, or in
pain, and drugs are often prescribed to relieve these
conditions.

A number of scales and scoring systems have been
developed to quantify level of consciousness or levels
of sedation. The Glasgow Coma Scale ranges from 3
points (brain death) to 15 points (fully conscious; see
Table 5-6). Some have suggested that if scores are “less
than 8 then intubate”, though this rule of thumb should
not be applied indiscriminately. Both the Ramsay
Sedation Scale and the Richmond Agitation Sedation

Mental Status and Neurologic Examination

Scale have been developed to rate patients’ agitation
and level of sedation (see Tables 5-7 and 5-8).

Mental Status Examination

The mental status examination begins with the patient
encounter. As noted, the clinician should observe the
patient’s interaction with the environment, healthcare
providers, and others (e.g., family members). Reviewing
prior medical records, discussing the patient’s mental
status (or changes in the mental status) with family
members, and questioning other providers involved

in the patient’s care can help in developing a better
understanding of the patient’s current status and any

TABLE 5-6

Glasgow Coma Scale

The Glasgow Coma Scale ranges from a low score of 3 points
(brain death) to a maximum score of 15 points (fully conscious).

A patient who spontaneously opens his or her eyes, responds in
an oriented manner to verbal stimuli, and obeys motor commands
would have a score of 15 points. Points are assigned for eye
opening, verbal response, and motor response.

Observation ‘ Score

Eye Opening

Spontaneous 4
In response to voice 3
In response to pain 2
None 1

Verbal Response

Oriented response 5
Confused response 4
Inappropriate words 3
Incomprehensible words 2
None 1

Motor Response

Obeys commands 6
Localizes 5
Withdraws 4
Flexes (decorticate) 3
Extends (decerebrate) 2
None 1

Data from: Center for Disease Control: Glascow Coma Score. Last updated
May, 2003. Retrieved from: http://www.bt.cdc.gov/masscasualties/pdf
/glasgow-coma-scale.pdf
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TABLE 5-7

Ramsey Sedation Scale

The Ramsey Sedation Scale rates the patient’s sedation/
agitation level from minimal sedation/high agitation (score = 1)
to maximum sedation (score = 6). A score of 2 points would be
preferred in most patients.

Level ‘ Response

TABLE 5-8

Richmond Agitation Sedation Scale

The Richmond Agitation Sedation Scale (RASS) provides a method
to quantify a patient's sedation. The scale range is +4 points (no
sedation/combative) to =5 points (unarousable). The preferred
score for most patients is 0.

Score ‘ Term ‘ Description

1 Anxious, agitated, restless +4 Combative Overtly combative, violent,
immediate danger to staff
2 Cooperative, oriented, tranquil
+3 Very agitated Pulls or removes tube(s) or
3 Responding to commands only catheter(s), aggressive
4 Asleep, brisk response to stimulus +2 Agitated Frequent nonpurposeful
movement, fights ventilator
5 Asleep, sluggish response to stimulus
+1 Restless Anxious but movements not
6 Unarousable aggressive or vigorous
0 Alert and calm
changes. Initially, as the clinician enters the room, the
clinician should observe the patient for his or her over- -1 Drowsy Not fully alert, but has sustained
all appearance. Is the patient dressed appropriately? awakening (eye opening/
Does he or she look disheveled or unkempt? What is eye contact) to voice
S . . (> 10 seconds)
the patient’s level of consciousness? Does the patient
appear to be oriented to person, place, time, and situ- _2 Light sedation Briefly awakens with eye
ation? Is the patient able to pay attention and stay on contact to voice
task? Answers to these questions can provide indicators (> 10 seconds)
i 2 i 30,31
of the patient’s overall neurologic and 'mental staFus. ‘ 3 Moderate sedation | Movement or eye opening to
Although not always necessary or feasible, especially in voice (but no eye contact)
an emergent situation, the components of a complete
mental status examination are as follows: -4 Deep sedation No response to voice, but
movement or eye opening to
Appearance physical stimulation
The clinician should observe the patient for overall . ) o N _
appearance. Questions the clinician should ask himself - narousabie 0 response to voice or
h T physical stimulation
or herself:

m Does the patient appear older or younger than the
stated age?

m Does the patient appear well groomed or
unkempt?

m What is the status of the patient’s personal
hygiene?

m Is the patient’s dress appropriate for the season
and setting?

Attitude

While interviewing the patient, the clinician should
note the patient’s general attitude towards the situation
and encounter. This can be inferred from the patient’s
facial expressions and interaction with the clinician.
Ideally, the patient will be cooperative, interact in an
appropriate fashion, and appear to be interested in the
encounter. Table 5-9 provides a variety of different
descriptors sometimes used by clinicians to describe
patients’ attitude or affect. The clinician should be cau-
tious, however, when labeling a patient’s affective char-
acteristics, because the possibility of misinterpreting
the patient’s emotional state is high.

Reprinted with permission of the American Thoracic Society. Copyright ©
2014 American Thoracic Society. Sessler CN, Gosnell M, Grap MJ, Brophy
GT, O'Neal PV, Keane KA et al. The Richmond Agitation-Sedation Scale: validity
and reliability in adult intensive care patients. Am J Respir Crit Care Med
2002;166:1338-1344. Official Journal of the American Thoracic Society.

Body Language and Eye Contact

The healthcare provider should observe the patient’s
body language and use of eye contact. Does the patient
make and sustain eye contact? What may be inferred
from the patient’s body language? For example, does the

TABLE 5-9

Descriptors of Patient Attitude or Affect

Hostile Apathetic Open
Secretive Easily distracted Defensive
Focused Suspicious Vigilant

Tense Evasive Argumentative
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patient cross his or her arms and look at the floor, or
is the patient appropriate, open, and make and sustain
good eye contact?

With respect to eye contact, the clinician should take
into account the patient’s culture, because this can affect
the way the patient addresses or looks at the clinician.
Generally speaking, it should be noted if the patient
makes, avoids, or seems hesitant to make eye contact.
This should be documented in the medical record.

Level of Consciousness

The patient’s level of consciousness (LOC) should

be documented in the patient’s medical record. Any
changes in LOC should be reported to the healthcare
team because it may indicate evolving neurologic, respi-
ratory, or systemic disorders. As noted earlier, LOC
may be described as alert, drowsy, lethargic, stuporous,
comatose, or confused.

Orientation

As noted earlier, there are four aspects to patient orien-
tation: person, place, time, and situation. The patient’s
orientation can be assessed by asking the following four
questions:

® “What is your full name?”

B “Where are we at (floor, building, city, county, and
state)?”

m “What is the full date today (date, month, year, day
of the week, and season of the year)?”

® “How would you describe the situation we are in?”

The clinician should note whether the patient is com-
pletely oriented or if there is a deficit. This should be
recorded in the patient’s medical record.

Motor Behavior

The patient’s motor behavior can be assessed by
observing the patient in the exam room. If possible,
have the patient walk to observe the patient’s gait. The
examiner should note the type and quality of motor
behavior. Motor behavior can be described as normal,
hyperactive, fidgety, catatonic, dystonia, tremors, dyski-
nesia, or tics.

Speech and Language

Neurologic and psychiatric disorders can affect the
quality and content of the patient’s speech. Both should
be documented clearly in the medical record. If speech
content is abnormal, this should also be documented,
providing examples in the medical record. When
observing the patient’s speech, the clinician should note
the rate and flow of speech, intensity of volume, clarity,
and quantity. The following are commonly used terms
when describing speech:

®m Quantity: Talkative, spontaneous, expansive, or
rambling
® Rate: Fast, slow, normal, or pressured

Mental Status and Neurologic Examination

m Volume (tone): Loud, soft, monotone, weak,
strong, or yelling

m Fluency and rhythm: Slurred, articulate or clear,
incoherent, hesitant, or aphasic

Mood and Affect

Affect refers to the patient’s transient state of emotion,
whereas mood refers to the patient’s sustained feel-
ings. When inquiring about the patient’s mood, ask
the patient to describe his or her long-term internal
emotional state. For example, the clinician may ask
how the patient’s mood has been over the last 2 weeks.
Some questions that may be helpful when assessing the
patient’s mood are as follows:

30

m “How are your spirits?”

® “How are you feeling?”

m “Have you been discouraged/depressed/low/blue
lately?”

m “Have you been energized/elated/high/out of con-
trol lately?”

m “Have you been angry/irritable/edgy lately?”

Affect is observed (and inferred) by the clinician
and varies over time. In describing the patient’s affect,
the clinician should note the emotional range (broad
or restricted), intensity (blunted, flat, or normal), and
stability of the patient’s affect. The four classic affective
states are mad, sad, glad, and afraid. Affect may also be
described as angry, fearful, worried, or wary.

Thought Process and Content

The patient’s thought process can be described as the
patient’s form and flow of thinking. The rate of thought
(extremely rapid thinking is called flight of ideas) and
flow of thought (whether thought is goal directed or
disorganized) should be noted. The patient’s thought
content describes what the patient is thinking about.
Assessment of the patient’s thought may include:*

m Content: Is the patient’s thinking appropriate to
his or her situation? Does it represent a realistic
assessment of what’s going on?

m Sequence: Do thoughts link in a logical way?

m Insight: Is the patient able to look at himself or
herself and the current situation with comprehen-
sion and understanding?

® Judgment: Does the patient make reasonable
assessments, choices, and decisions?

Commonly utilized terms to describe thought con-
tent are normal, delusional, obsessive, rumination,
paranoia depersonalization, suicidality, and homicidal-
ity. Questions for assessing the patient include:

® “What’s been on your mind lately?”
m “Are you worried/scared/frightened about
something?”
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® “What do you think about when you are sad or
angry?”

® “Do you ever feel detached/removed/changed/dif-
ferent from others around you?”

® “Do you think someone or some group intend to
harm you in some way?”

Insight describes the patient’s awareness of or ability
to understand his or her illness. Judgment describes the
patient’s ability to identify consequences for his or her
actions. Insight and judgment are often assessed con-
currently, but they are not exclusive of the other. For
example, a patient might have insight into his or her
illness but may not have the ability to use appropriate
judgment in regards to care and may not understand
the consequences for lack of treatment.

Perception

Perception describes how the patient experiences the
world through the senses. Perception can be distorted
by neurologic or psychiatric disease.** Examples of
abnormalities of perception include hallucinations,
illusions, and problems with structural perception.
Hallucinations are visual, auditory, tactile, olfactory,
or gustatory patient experiences that are not shared by
a competent observer. Visual hallucinations are more

TABLE 5-10
Mini-Mental State Examination

common with delirium, such as may be experienced
during narcotic drug or alcohol withdrawal. Auditory
hallucinations are more common with psychosis.*
Illusions are incorrect perceptions of objects that both
the patient and clinician experience.® Structural per-
ception refers to the patient’s ability to place objects
and shapes in relation to one another.*

Personality changes often accompany both acute and
chronic cardiopulmonary disease. Patients may become
anxious, irritable, or depressed. Denial is another
defense mechanism seen with severe disease, in which
the patient will not acknowledge the extent of the dis-
ease or its limitations. The patient may be uncooperative
and noncompliant with treatment. Fear and anger are
also common responses. It is important to investigate
any feelings of depression or hopelessness. If the patient
reports long-term feelings of hopelessness or depression,
the clinician should inquire about suicidal ideation. If
the patient reports suicidal thoughts, a prompt psychiat-
ric evaluation is warranted. Inform the healthcare team
regarding suicidal thoughts reported by the patient to
ensure prompt attention and patient safety.

Table 5-10 contains an example of the Mini Mental
State Examination (MMSE), which assesses orienta-
tion, registry, recall, and language using a simple rating

The Mini-Mental State Examination (MMSE) assesses a patient’s orientation to time, place, registration, attention and calculation, recall,
language, repetition, and response to complex commands. The MMSE is sometimes used to screen for cognitive impairment and
dementia. A score of at least 25 out of 30 points indicates normal cognitive function. Score ranges for impairment are:

Normal: > 25

Mild impairment: 19-24
Moderate impairment: 10-18
Severe impairment: < 9

Category ‘ Possible Points ‘ Questions
Orientation to time 5 What is the time/date/day/month/year? (1 point for each)
Registration 3 Name three objects and ask the patient to repeat them until all three are learned.
Record the number of trials.
Orientation to place 5 Where are we (state, county, city, hospital, ward, or floor)? (1 point each)
Attention and calculation 5 Ask the patient to subtract serial 7s for five times. (Up to 5 points)
Recall 3 Ask the patient to recall the three objects named above. (1 point for each)
Language 2 Ask the patient to name a pencil and a watch. (1 point each)
Repetition 1 Ask the patient to speak back a phrase: “No ifs, ands, or buts.”
Complex 6 1. Instruct patient to “take paper in your right hand, fold it
in half and put it on the floor.” (3 points)
2. Have patient read and obey instruction given in writing:
“Close your eyes.” (1 point)
3. Instruct patient to “write a sentence.” (1 point)
4. Ask patient to “Copy this figure.” (1 point)

Data from: Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-based norms for the mini-mental state examination by age and educational level. JAMA.
1993:269:2386-2391; LeBlond RF, Brown DD, DeGowins RL. The mental status and psychiatric examination evaluation. DeGowin’s Diagnostic Evaluation. 9th ed.
New York; McGraw Hill; 2009: 766-784.
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scale. The MMSE is commonly used to screen for cog-
nitive impairment.

Neurologic Examination

The purpose of the neurologic examination is to iden-
tify cognitive, sensory, motor, and coordination defi-
cits.? The nature and location of specific deficits often
points to the site or mechanism of injury or disease
process. For example, muscle paralysis that may affect
ventilation can be caused by inflammatory/immune
system disease (e.g., Guillain-Barré syndrome, myas-
thenia gravis, multiple sclerosis); infectious disease
(e.g., poliomyelitis, postpolio syndrome, West Nile
virus); trauma (e.g., spinal cord injury, head trauma); or
vascular disease (stroke, subdural or epidural bleeding).
A complete neurologic examination includes mental
status; the cranial nerves; motor examination (e.g.,
muscle wasting, muscle tone, strength); examination
of reflexes; cerebellar examination (posture, balance,
coordination); sensory examination (e.g., pain, touch);
peripheral nerves; and movements of specific muscles
and nerves.*! Although a discussion of the complete
neurologic examination is beyond the scope of this
chapter, the respiratory care clinician should be famil-
iar with the basics of the neurologic exam.

Cranial Nerve Assessment

The 12 cranial nerves include the olfactory nerve
(smell), optic nerve (vision), acoustic nerve (hearing),
glossopharyngeal nerve (pain, touch, and temperature
from the mucosa of the pharynx; gag reflex), and the
vagus nerve.*! The vagus nerve has multiple branches,
and vagal stimulation can occur during endotracheal
suctioning, resulting in bradycardia. Cranial nerve
abnormalities can be indicative of brainstem or neuro-
logic injury. Issues with specific cranial nerves should
prompt a thorough neurologic evaluation, because the
patient may be at risk for a compromised airway or
aspiration.

Common neurologic symptoms sometimes related
to cranial nerve problems include visual loss, ringing in
the ears (tinnitus), hearing loss, vertigo, double vision
(diplopia), difficulty swallowing (dysphagia), difficulty
speaking (dysarthria or aphasia), facial pain, asymmet-
rical smile or facial appearance, hoarseness, and neck or
shoulder weakness.*! Physical signs sometimes caused
by cranial nerve problems include visual field loss,
abnormal pupils, jaw weakness or spasm, facial weak-
ness or paralysis, balance problems, laryngeal paralysis
(coughing or reflux), sternocleidomastoid or trapezius
weakness, tongue deviation, and wasting. Table 5-11
summarizes assessment for the cranial nerves.

Motor Assessment

Assessment of motor function includes inspection of
the muscles for the presence of wasting and assessment

Mental Status and Neurologic Examination

of muscle tone and strength. Neurologic symptoms
sometimes associated with motor problems include
weakness, cataplexy (episodic loss of motor control),
muscle pain (myalgia), muscle stiffness, twitches and
tics, restless legs syndrome, muscle spasm, loss of
balance, difficulty walking, vertigo, and tremors.*!
Neurologic signs sometimes seen with motor problems
include muscle paralysis or loss of strength, decreased
muscle tone (hypotonia), increased muscle tone (hyper-
tonia), spasticity, myoclonus (jerking motion), myotonia
(continued muscle contraction), tetany, or twitching.*
Disease states or condition that may cause motor
muscle weakness or paralysis include Guillain-Barré
syndrome, myasthenia gravis, multiple sclerosis (MS),
poliomyelitis, postpolio syndrome, and spinal cord
injury.®

Assessment of Reflexes

Pupillary Reflexes

Pupillary reaction (i.e., pupillary reflex) to light is
assessed by shining a swinging light onto the retina of
the eye and observing pupillary response. Normally,
both pupils will contract, regardless of the side
exposed to the light, and dilate when the light source is
removed.? Failure to respond normally can be caused
by optic nerve damage or oculomotor damage on one
side. Fixed, unilateral pupil dilation (mydriasis) may be
caused by an elevation in intracranial pressure (ICP).
Anticholinergic drugs (e.g., atropine) and some illicit
drugs (e.g., LSD) may cause bilateral pupil dilation.
Special eye drops containing cyclopentolate or phen-
ylephrine may be used during an eye examination to
dilate the pupils for better visualization of the retina.
Depressant and opiate drugs may also cause an abnor-
mal pupillary response.® In the acute care setting, an
abnormal pupillary response (the pupils are dilated and
fixed) can be caused by brainstem death.?

Muscle Stretch Reflexes

Evaluation of muscle stretch reflexes (also known as
tendon reflexes) during a neurologic examination can
give insight into the patient’s spinal reflex arc func-
tion.*" Muscle tendon reflexes are tested by tapping on
a tendon with a reflex hammer. Physiologically, the tap-
ping mechanism causes a stretch of the tendon, result-
ing in contraction of the corresponding muscle. There
are two components of the reflex arc that should be
noted: the upper motor neurons and lower motor neu-
rons. Damage to either can cause abnormality of the
reflex. The upper motor neuron is the component of
the reflex arc that is located in the higher brain center.
Damage to the higher brain center can cause the reflex
arc to become hyperactive because the sensory compo-
nent of the arc will be uninhibited. In contrast, if the
lower motor neuron or peripheral nerve of the reflex
arc is damaged, the correlating muscle tendon reflex
will be diminished. In a normal muscle tendon reflex,
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TABLE 5-11
Cranial Nerve Assessment

Cranial Nerve

Function (what it
controls)

Test

(I) Olfactory Smell (not usually tested) Patient should close both eyes and occlude one nostril and identify the odor of a
common object. Do this for each nostril. Objects frequently used include coffee,
cloves, lemon, or soap (avoid ammonia or harsh soaps).

(I1) Optic Visual acuity Visual acuity: Snellen eye chart at 14 inches.

Visual fields Visual fields: Patient covers one eye and examiner moves fingers of left hand and

then right into patient view. Patient identifies when fingers can be seen. Repeat with
patient covering the opposite eye.

() Oculomotor

Pupillary reactions
(pupillary light reflex and
accommodation)

Eyelid elevation

Eye movements up, down,
and medially

Pupillary reactions: Instruct patient to fix both eyes on an object. Shine the beam of a
light directly into each pupil. Note the size, shape, and reaction of the pupils.

Eye movements: Instruct patient to follow your finger without moving head. Examiner
moves finger up, down, left, and right. Note the presence of limited eye movement.

(IV) Trochlear Eye movement down and in | Instruct the patient to follow your finger without moving head.
toward nose Examiner moves finger up, down, left, and right. Note the presence of limited eye
movement.
(VI) Abducens Eye movement laterally Instruct patient to follow your finger without moving head. Examiner moves finger up,
toward temporal field down, left, and right. Note the presence of nystagmus, limited eye movement.
(V) Trigeminal Sensation of face Ask the patient to open mouth as wide as possible
Corneal reflex Attempt to close mouth by placing one hand under chin and the other on top of head
Muscles of mastication
(jaw movement)
(VII) Facial Facial muscles Have patient wrinkle forehead, smile showing teeth, and wink eyes. Note any

asymmetrical movement or facial drooping.

(VII) Auditory or

Hearing and sense of

Test using Rinne and Weber tests with tuning fork.

Acoustic balance Test gross hearing by holding a watch or rubbing fingers together close to ears.
(IX) Glossopharyngeal | Cough Instruct patient to open mouth and say “ahhh.” Look for elevation of soft palate and
and (X) Vagus Gag uvula in the midline.
Swallow Assess gag reflex by stimulating back of pharynx with tongue depressor.
Articulation Note any difficulties in articulation and/or speech.
Phonation

(XI) Spinal Accessory

Motor control for
the trapezius and
sternocleidomastoid
muscles

Both of these muscles are
involved in the movement
of shoulder and head,
shoulder shrugging

Trapezius testing: Ask the patient to raise both shoulders while examiner applies
resistance.

Sternocleidomastoid testing: Ask the patient to turn head to left and then to right
while examiner applies resistance.

(XIl) Hypoglossal

Tongue movement and
strength

Ask the patient to protrude tongue. Normally the tongue should be midline. Note
deviation to the right or left.

Data from: Bolek B. (2006). Facing cranial nerve assessment. Am Nurse Today. November 2006. http://www.americannursetoday.com/assets/0/434/436/440/51
20/5122/5154/5156/904adb93-6d32-4770-83d7-e6flad1667d2.pdf.

the rapidity and strength should be equal and symmet-
rical when comparing one side with the other.

Babinski Sign

The Babinski sign is a descriptor for the plantar reflex.
Plantar reflexes are assessed by applying a stimulus

(usually using the handle of a reflex hammer) to the
bottom of the foot while observing the great toe of the
same foot. A normal response is noted when the great
toe points downward. When adult patients have upper
motor neuron lesions, the great toe will point upward
and the other toes will fan. When this occurs, it is
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considered a positive Babinski sign and a thorough neu-
rologic evaluation is warranted.*

Assessment of Muscle Tendon Reflexes

Reflexes are assessed utilizing a reflex hammer and
tapping gently on the tendon associated with the
muscle. Reflex responses are graded on a scale of 0 to
4 (sometimes indicated by the number of plus signs [+]
assigned) (Table 5-12).3

Other Aspects of the Neurologic
Examination

The complete neurologic exam should also include
assessment of the patient’s posture, balance, and coordi-
nation. Sensory examination (pain, touch, and pressure)
is included in a thorough neurologic examination, and
this may incorporate other tests of sensory perception. A
number of tests for specific peripheral nerves are avail-
able as well as assessment tests of muscle movement.

Common general neurologic symptoms include
headache, memory loss, spells (episodic altered percep-
tion), and insomnia.* Clinical problems sometimes
caused by neurologic disease include loss of balance
and falls, alteration in consciousness, coma, and sei-
zures.* Epidural or subdural hematoma following head
trauma, intracerebral hemorrhage, subarchnoid hemor-
rhage, and bacterial meningitis are forms of neurologic
disease often encountered in patients seen in the acute
care setting.®' Stroke may be caused by cerebral venous
thrombosis or vessel dissection.

Other neurologic syndromes that may cause muscle
weakness and/or atrophy affecting ventilation include
multiple sclerosis (weakness, incoordination); amyo-
trophic lateral sclerosis (ALS; progressive weakness
with muscle wasting); poliomyelitis (muscle weakness
and atrophy); West Nile virus (muscle weakness and
atrophy); postpolio syndrome; and myasthenia gravis.*
Botulism (Clostridium botulinum) and tetanus (C. tet-
ani) may lead to ventilatory failure requiring mechani-
cal ventilatory support.®

TABLE 5-12

Reflex Response Grading

Score + ‘ Reflex Response

0 0 No response

1 + Detectable only with reinforcement

2 ++ Normal

3 +++ Brisk with at most a few beats of
clonus (clonus is a series of rhythmic,
involuntary muscle contractions and
relaxations)

4 ++++ Sustained clonus

Head, Eyes, Ears, Nose, and Throat Examination

Head, Eyes, Ears, Nose, and Throat
Examination

Examination of the head and neck provides a number
of clues regarding cardiopulmonary disease.?>?*** The
patient’s facial expression can reveal distress or pain,
alertness, mood, and mental status. Nasal flaring sug-
gests an increased work of breathing, especially in
infants and children. Cyanosis is often most apparent
in the lips, gums, and oral mucosa. Mouth breathing
may indicate nasal passage obstruction or respira-
tory distress, whereas purse-lipped breathing during
exhalation is sometimes seen in patients with COPD.
Excessive sweating (diaphoresis) is often most apparent
upon examination of the head and neck. Jugular vein
distension is associated with fluid overload.

Examination of the eyes, pupils, and eyelids can
also provide clues regarding the patient’s condition.*
For example, pupillary reflexes may be abnormal with
head trauma, CNS disease, brain death, and following
administration of certain medications (e.g., catechol-
amines, atropine). Brain death causes mydriasis in
which the pupils are dilated and fixed. Opiate drugs
may cause the pinpoint pupils (miosis), whereas atro-
pine tends to dilate the pupils. Droopy eyelids (ptosis)
are sometimes seen in patients with neuromuscular
disease (e.g., myasthenia gravis).

Inspection of the Head and Neck

Observation of the mouth offers two signs associ-
ated with respiratory disease. The presence of central
cyanosis indicates that the level of desaturated oxyhe-
moglobin within the capillaries of the oral mucosa is
significantly elevated. The lips and adjacent oral tissue
reveal the same bluish hue noted with peripheral cya-
nosis. Central cyanosis is often associated with severe
hypoxemia and warrants immediate intervention.

The patient who appears to be “blowing out candles”
upon expiration is exhibiting a pursed-lip breathing
pattern. Patients with COPD who are prone to airway
collapse upon expiration may intuitively incorporate
this technique or, more frequently, are taught this exer-
cise as part of their pulmonary rehabilitation program.
The slight expiratory resistance afforded by this maneu-
ver helps to “splint” the airways and prevent their pre-
mature collapse and resultant air trapping.

Observation of the neck also offers two distinctive
signs associated with COPD. Inspection of the internal
and external jugular veins for jugular venous disten-
tion (JVD) allows one to assess the degree of right heart
failure in patients with pulmonary hypertension due to
chronic hypoxemia.® JVD is also associated with other
clinical disorders, including left heart failure; however,
cor pulmonale is the leading cause of this finding.”®
Figure 5-3 illustrates the technique for jugular venous
pressure (JVP) estimation. This evaluation should be
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Internal jugular vein

External jugular vein

Sternocleidomastoid

k Manubrium

of sternum

Clavicle

FIGURE 5-3 Jugular venous distension. To estimate jugular venous pressure (JVP), position the patient supine at 45°. Visualize the
internal jugular vein as it ascends the side of the neck between the two heads of the sternocleidomastoid muscle. Measure the height of the
distension as a vertical column of blood in relation to the sternal angle. Normal JVP < 3-4 cm above the sternal angle. JVP may increase
due to right heart failure (e.g., cor pulmonale), left heart failure, constrictive pericarditis, pleural effusion, obstructed vena cava, and other

cardiopulmonary disorders.

done at end-exhalation and is simply graded as normal,
increased, or markedly increased.

The head, eyes, ears, neck, and throat (HEENT)
examination can be especially useful to identify upper
airway problems that may affect oxygenation or ventila-
tion. For example, swelling of the lips, tongue, pharynx,
or larynx can occur due to angioedema, which may, in
turn, compromise ventilation. Angioedema may be due
to allergy or a reaction to certain medications. Food
allergies, insect bites, or other allergies may cause ana-
phylaxis, which may also cause swelling of the upper
airway. Upper airway trauma may be caused by smoke
inhalation, burns, or blunt or penetrating injuries.
Acute epiglottitis, laryngotracheobronchitis (croup), or
abscess may also compromise ventilation. Foreign body
aspiration may also result in upper airway obstruction.

Use of Accessory Muscles of Inspiration

The accessory muscles of inspiration include the neck
muscles (e.g., scalenes, sternocleidomastoids), pec-
toralis major, and, to a lesser extent, the parasternal
intercostals and the external intercostals. Use of the
accessory muscles of inspiration often indicates an
increased work of breathing (WOB) and difficulty

in maintaining adequate ventilation.?® Accessory
muscle use is commonly associated with an increased
WOB due to decreases in compliance, obstruction, or
increased airway resistance.

Visible contraction of the accessory inspiratory
muscles of the neck, notably the sternomastoid and
scalenes, is also a common finding in patients with
COPD.* Hyperinflation of the lungs from gas trapping
causes a depression of the diaphragm and thus limits

normal abdominal excursion during inspiration, forc-
ing a more apical adaptation to the breathing pattern
and the incorporation of the neck accessory muscles.
Patients with advanced obstructive lung disease may
develop a “clavicular lift” upon inspiration with intense
contraction of the neck accessory muscles.

Thorax

Examination of the thorax includes inspection, pal-
pation, and percussion of the chest; assessment of
breath sounds; and auscultation of the heart.?>26:3334
Figure 5-4 provides illustrations of the anatomy of the
thorax and underlying lung anatomy.

Inspection of the Chest

For inspection of the chest, the patient should be sit-
ting upright to allow the examiner to adequately
observe the anterior, lateral, and posterior aspects of
the thorax. The transverse distance across the chest is
normally measurably greater than the anteroposterior
(AP) distance. This difference decreases with age and
is significantly altered with the development of COPD.
The term barrel chest refers to the dramatic increase in
the AP dimension of the chest in some COPD patients.
Figure 5-5 compares a patient with a normal chest to a
patient with an increased AP diameter.

The chest should also be inspected for scars, radia-
tion markers, or trauma. For example, cardiac surgery
leaves a distinctive sternal scar. Blunt trauma of the
chest or rib fractures can often be observed following
motor vehicle accidents. Flail chest occurs when there
are double fractures of multiple adjacent ribs with
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FIGURE 5-4 Anatomy of the thorax. (A) Thoracic landmarks. (B) Topographic landmarks of the chest. (C) Surface anatomy of the thorax.

resulting instability of the chest wall. Flail chest leads
to a paradoxical movement of the affected area—in
upon inspiration and out upon expiration. Flail chest
may be noted following traumatic impact to the chest
often incurred in motor vehicle accidents or blunt
trauma. Pneumothorax and lung contusions are typical
sequelae and warrant immediate medical intervention.
An inward movement of the upper abdomen upon
inspiration rather than the normal outward movement
characterize abdominal paradox. This phenomenon is

associated with paralysis or fatigue of the diaphragm.
It is commonly noted in patients with COPD with the
development of respiratory failure.

Paralysis of the hemidiaphragm can occur with
phrenic nerve damage caused by trauma, mediastinal
masses, or surgery. This may result in a lack of chest
motion on the affected side of the thorax.

Deformities of the bony thorax should also be
assessed, because they are associated with restrictive
pulmonary disease. Pectus excavatum is a chest wall
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FIGURE 5-4 (continued)

FIGURE 5-5 Increased anterior - posterior (AP) diameter. Normal chest configuration (A) and a patient with increased anteroposterior
(AP) diameter (B).

Data from: Wilkins RL. Physical Examination of the Patient with Cardiopulmonary Disease. In: Wilkins R, Krider S, Sheldon R, eds. Clinical Assessment in Respiratory Care.
3rd ed. St. Louis: Mosby-Year Book; 1995: 47-77.
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deformity in which the chest wall is “sunk in” (see
Figure 5-6). Scoliosis, a lateral (sideways) spine curva-
ture, is noted upon inspection of the posterior aspect of
the chest. Figure 5-7 provides an example of a patient
with scoliosis. Kyphosis, an anteroposterior spine cur-
vature (outward curve of thoracic spine), is noted upon
inspection of the lateral aspect of the chest. Figure 5-8
provides an illustration of a patient with kyphosis.
Scoliosis is often congenital in nature, whereas kypho-
sis is often associated with osteoporosis in the elderly
population. Kyphoscoliosis is a combination of the two
deformities and causes a more significant restrictive
pattern. Figure 5-9 provides an example of a patient

B

FIGURE 5-6 Pectus excavatum.

(A) © Custom Medical Stock Photo; (B) © M. English, MD/Custom Medical Stock
Photo.

Thorax

FIGURE 5-7 Scoliosis
(A) Courtesy of Darci Manley; (B) Courtesy of Darci Manley

with lordosis (inward curve of lumbar spine). Box 5-14
provides a summary of important findings upon chest
inspection.

Respiratory Rate and Pattern

Respiratory rate and respiratory pattern should be
assessed whenever the respiratory clinician interacts
with the patient. As described earlier, tachypnea, as
well as an uneven respiratory pattern, such as Cheyne-
Stokes breathing, should be noted, because their
presence may indicate impending ventilatory failure.
Bradypnea may be associated with CNS problems, seda-
tives, hypnotics, or impending respiratory arrest.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



170 CHAPTER 5 Physical Assessment

FIGURE 5-8 Kyphosis. An x-ray of a lateral view of a kyphotic
spine.

© CLIPAREA | Custom media/ShutterStock, Inc.

Synchronicity of the Chest Wall and
Diaphragm

The chest wall and abdomen should rise and

fall together as the patient inhales and exhales.
Asynchronous and/or spasmodic diaphragmatic con-
tractions are strong indicators of acute ventilatory fail-
ure (not including hiccups, of course) and respiratory
muscle fatigue. Often this sign is a prelude to respira-
tory arrest.

Retractions

Retractions between the ribs (intercostal), above the
clavicles (supraclavicular), or below the xiphoid pro-
cess (xiphoid) are noted as the tissue in these areas
moves inward with inspiration. They are associated
with marked negative pleural pressure on inspiration.
Retractions can be caused by upper airway obstruction
(supraclavicular), decreased lung compliance (inter-
costal and/or xiphoid), or inadequate gas flow to the
mechanically ventilated patient.

FIGURE 5-9 Lumbar lordosis. A plain film of lumbosacral AP view
with demonstrated lumbar lordosis.

© Santibhavank P/ShutterStock, Inc.

Palpation

Palpation involves touching the chest wall of a patient
in order to determine chest expansion and the degree
of tactile fremitus.?® Although palpation is not a routine
part of every patient assessment, it may be of help in
quantifying the degree of impairment involved in cer-
tain disease processes. Palpation of the neck and face
can be helpful in identifying subcutaneous emphy-
sema (air under the skin), which may occur following
pneumothorax or pneumomediastinum. Palpation
techniques and findings with common problems are
summarized in Table 5-13.

Chest Expansion

The degree and symmetry of chest expansion are evalu-
ated as the patient is instructed to take a deep breath
from end exhalation. Chest expansion is most easily
assessed by positioning the tips of each thumb so that
they are touching at approximately the eighth thoracic
vertebra along the posterior chest wall. The palmar sur-
face of the hand and fingertips are spread out across the
lower chest wall. The tips of the thumbs should move
symmetrically away from one another approximately
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BOX 5-14

Inspection of the Chest Summary

Thorax

The following key elements should be noted during chest inspection:
Increased AP diameter: An increase in anteroposterior (AP) diameter of the chest is associated with pulmo-
nary overinflation. This is a common finding with COPD and is sometimes seen with cystic fibrosis and in

acute asthma exacerbations.

Unilateral apparent hyperexpansion: A decrease in compliance on one side, a pneumothorax, or bronchial in-
tubation could all result in this appearance. A severe unilateral pneumonia or pneumonectomy are possible
causes of decreased or absent chest wall movement on one side. Types of pneumothorax include spontane-

ous, traumatic, and tension.

Chest wall or spinal deformity: Pectus excavatum, pectus caravatum, kyphosis, kyphoscoliosis, and lordosis

may all affect the patient’s thoracic compliance.

Flail chest: Flail chest is the instability of the chest wall due to multiple rib fractures (generally two to three
consecutive ribs broken in two or more places each). The chest wall sinks in on inspiration with flail chest.

Obesity, pregnancy, or ascites: All of these conditions indirectly reduce compliance (extrapulmonary or thorac-
ic compliance). Obesity is also associated with disorders of ventilatory control and obstructive sleep apnea.

Intercostal retractions. Often caused by upper airway obstruction, increased resistance to air flow, or inad-
equate gas flows via closed systems such as mechanical ventilators.

Symmetry of respiration: By placing both hands parallel to one another on the chest wall (right and left) and
observing chest expansion for symmetry one can sometimes note changes associated with such things as
major atelectasis, pneumothorax, or other unilateral disorders of lung or chest wall expansion. Other possible
causes of asymmetrical movement of the chest include bronchial intubation, unilateral pneumonia, or pneu-
monectomy. Trauma and the associated presence of a flail chest may cause paradoxical chest wall movement.

Scars due to trauma or surgery and radiation markers: Surgical scars relating to pneumonectomy, lobectomy,

or thoracotomy are of obvious interest, as is sternal scarring from open-heart surgery. Radiation markers

are also of obvious interest.

TABLE 5-13

Palpation Techniques and Clinical Implications of Specific Findings

Palpation Technique ‘ Possible Implications

Tactile vocal fremitus: To perform this exam one simply places
the lateral edge of one’s hand against the patient’s chest wall.
The patient then repeatedly speaks the number “ninety-nine.”
The examiner shifts his or her hand from side to side, noting the
vibrations felt through the chest wall as the patient speaks.

A marked increase in vibration over a given area is associated with
consolidation. Vocal fremitus may be absent or reduced over the
affected area with pleural effusion and absent with pneumothorax.

Tactile rhonchi: These are vibrations or a “rumbling” or “gurgling”
feeling when the examiner places his or her hands flat (palms
down) over portions of the chest wall.

“Rumbling” or tactile rhonchi are associated with secretions in a larger
airway. They may clear following a cough or suctioning.

Subcutaneous emphysema: This is air under the skin, usually of
the neck and face. Upon palpation, the skin feels “crackly,” sort
of like the feeling when one balls up a sheet of waxed paper or
plastic.

Subcutaneous emphysema is associated with pneumothorax
(especially tension pneumothorax) and pneumomediastinum.

Tracheal deviation: This is movement or shift in the trachea away
from the midline. One can feel the position of the trachea by
placing the index finger in the suprasternal notch.

A shift toward the affected side is caused by massive atelectasis
or severe pneumonia on one side. Bronchial intubation, tension
pneumothorax, and large pleural effusion may shift the trachea away
from the affected site.

With spontaneous or traumatic pneumothorax without tension, there
tends to be no shift in tracheal position.

Chest wall motion: Chest wall motion can be assessed by placing
one hand on the right and left side of the anterior thorax and
feeling and observing chest wall motion as the patient breathes.

Chest wall motion may be reduced over the affected side with pleural
effusion, consolidation, pneumothorax, or atelectasis. Chest wall
motion may be reduced bilaterally with interstitial fibrosis.
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3 to 5 cm at the end of an inspiratory vital capacity
maneuver. Limitations to chest expansion may be uni-
lateral or bilateral. Bilateral limitation is noted with
COPD and neuromuscular disease. Unilateral limita-
tion may be present with unilateral disorders such as
lobar atelectasis or lobar pneumonia.

Tactile Fremitus

This technique involves placing the fingertips or ulnar
surface of the hand or fist on the anterior and posterior
surfaces of the chest wall in a systematic order as the
patient repeats a number such as “ninety-nine.” The
tactile sensation felt by the examiner from the vibra-
tions caused by the patient’s phonation is referred to

as tactile fremitus. Air is a poor transmitter of sound
waves and resultant vibration, whereas solid substances
tend to enhance said transmission. Conditions that
increase the ratio of air to lung tissue such as pneu-
mothorax and emphysema will decrease fremitus.
Conditions that decrease the air to lung tissue ratio
such as consolidation and atelectasis will increase
fremitus.

Percussion

Percussion is also used to assess the ratio of air to
lung tissue via the transmission quality of sound waves
created by striking the patient’s chest wall with one’s
fingertip. The examiner systematically taps the ante-
rior and posterior aspects of the chest. The resonance
that is evoked from percussion over normal lung tissue
has been compared the sound heard by tapping on a
watermelon.?® Conditions that increase the air-to-lung
tissue ratio, such as pneumothorax and emphysema,
will increase resonance (aka hyperresonance). The
transmission of sound in the presence of increased
resonance can be compared to the sound heard when
striking a hollow log. Conditions that decrease the
air-to-lung tissue ratio, such as consolidation and atel-
ectasis, will decrease resonance (dullness). Decreased
resonance or dullness can be compared to the sound
associated with striking a solid log.

There are two basic methods of percussion, medi-
ate and intermediate. With mediate percussion, one
thumps directly on the chest wall. With intermediate
percussion, one interposes the first and second finger
of one hand between the chest wall and the hand used
for percussion. Figure 5-10 illustrates the technique for
intermediate percussion of the chest. Diaphragmatic
excursion can be determined by percussion along the
posterior thorax during a full inspiration and marking
the level of the dullness—resonance border. The proce-
dure is then repeated following a full expiration, and
the distance traveled represents diaphragmatic excur-
sion (see Figure 5-11). Table 5-14 summarizes chest
percussion findings.

FIGURE 5-10 Percussion technique (intermediate
percussion).

© Jones & Bartlett Learning. Courtesy of MIEMSS.

TABLE 5-14
Chest Percussion Findings

Percussion Note ‘ Possible Implication(s)

Resonant Normal lung tissue underlying
percussion point

Hyperresonant (tympanic) Hyperinflation (asthma,
emphysema) or pneumothorax

Dull Pleural effusion, empyema,
atelectasis, consolidation or
percussion over liver, heart, or
kidneys

FIGURE 5-11 Measuring diaphragmatic excursion.
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Auscultation

Auscultation over the chest is performed to identify
normal and abnormal heart and lung (breath) sounds
using a conventional stethoscope (see Figure 5-12).
Chest auscultation can provide the examiner with
essential information regarding the status of the air-
ways and the lung parenchyma.?®? Auscultation is
carried out in a systematic manner as the examiner
positions the patient in an upright sitting position and
proceeds to listen to the patient’s breath sounds with
his or her stethoscope. Sources differ as to progress-
ing from apices to bases or vice versa, but there is
consensus that one should auscultate from side to side
over both anterior and posterior aspects of the chest.
Figure 5-13 provides an illustration of the positions on
the chest for auscultation of the lung.

Normal Breath Sounds

Tracheal breath sounds are heard over the trachea and
are loud and acoustically high in pitch.>>** Bronchial
breath sounds are loud, coarse sounds normally heard
over the large central airways. Bronchovesicular breath
sounds are a combination of bronchial and vesicular
sounds and may be heard between the scapulae and
around the sternum over the medium-sized airways.**
These sounds are attenuated in intensity and pitch as
compared to tracheal breath sounds. Vesicular breath
sounds are heard over the remaining aspects of the
chest and are soft in intensity and low in pitch.?3
Bronchial breath sounds have a longer inspiratory

Earpieces

FIGURE 5-12 Stethoscope, illustrating diaphragm and bell.
© Martin Kubat/ShutterStock, Inc.

Thorax

phase, whereas vesicular breath sounds have a lon-
ger expiratory phase. The differences in these breath
sounds is explained by the role that healthy lung tis-
sue plays in “filtering” or actually muffling the harsh
sounds produced by turbulent flow in the trachea and
large airways.

Adventitious Breath Sounds

Adventitious breath sounds are abnormal and may
indicate problems in the lung parenchyma and/or the
airways.?>* Bronchial breath sounds may be transmit-
ted to the periphery of the chest due to consolidation
of the lung parenchyma, which may lead to a loss of the
normal alveolar muffling of the tracheal breath sounds
from the upper airways. Diminished breath sounds are
associated with hypopnea, as noted with neuromuscu-
lar disease and drug overdose, or with an increase in
the air-to-tissue ratio in the lung, as noted with emphy-
sema and pneumothorax.

Abnormal airway sounds are classified acoustically
as continuous or discontinuous. The continuous sound
maintains a uniform pattern for at least one-tenth of a
second. The discontinuous sound does not hold such
a pattern. Wheezes are often continuous during expi-
ration, whereas crackles are often discontinuous and
occur during inspiration.

Wheezing and stridor are continuous sounds and
are associated with narrowing of the airway. Stridor
is a sign of upper airway obstruction that can often
be heard without the use of a stethoscope, because it

Bell

Diaphragm
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FIGURE 5-13 Suggested sequence for systematic ausculation of the chest. For chest auscultation, always move from side to
side (e.g., 1to 2, 3to 4, 5 to 6, etc.) in order to compare breath sounds on the left versus the right side. The suggested sequence for
auscultation for a complete chest exam is numbered. The respiratory care clinician should listen to breath sounds on inspiration and

expiration and move in sequence from position 1 through 25.

is loud and high in pitch. Stridor is a classic finding in
laryngotracheobronchitis (croup).

Wheezing indicates that the caliber of the smaller
airways has been reduced. Wheezes vary in pitch
based on the site and degree of narrowing. The severe
bronchospasm that develops in the bronchioles of the

asthmatic during an acute exacerbation is high in pitch.

Obstruction of the bronchi that develops with chronic
bronchitis as copious amounts of tenacious sputum

narrow the airways may lead to a wheeze that is low in
pitch.

During an asthma attack, wheezing is often heard
upon auscultation. Wheezes are generated by the vibra-
tion of the wall of a narrowed or compressed airway as
air passes through at high velocity. During an asthma
attack, the diameter of the airway can be reduced due
to mucosal edema, secretions, and bronchospasm.
Wheezing is usually bilateral and diffuse and unilateral
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wheezing should always raise the suspicion of a mass
or foreign body in the airway. When listening to breath
sounds, note the pitch, intensity, and portion of the
respiratory cycle occupied by the wheeze. For example,
the patient may have a high-pitched wheeze through-
out inspiration and expiration (the entire respiratory
cycle). Following bronchodilator therapy, the wheez-
ing may be heard only during the latter part of exha-
lation and may also decrease in pitch and intensity.
Improvement in the patient’s airway caliber can affect
the pitch and intensity of the wheeze and the portion
of the respiratory cycle occupied by the wheeze. High-
pitched wheezes at end-expiration indicate less airflow
obstruction than a lower-pitched wheeze throughout
inspiration and expiration. However, wheezing can be
an unreliable indicator of obstruction because cases of
severe obstruction can result in “silent chest.” Absent
breath sounds in a patient with an acute episode of
asthma is an ominous sign. It is also important to note
that “all that wheezes is not asthma.” Wheezing may
also be caused by foreign body in one of the major
bronchi, a bronchial tumor, or heart failure (e.g., car-
diac asthma).

Crackles are discontinuous sounds associated with
the sudden opening of small airways and alveoli during
inspiration. Crackles may be described as fine or coarse.
Coarse crackles may be due to mucus in the airways or
opening of large or medium airways during inspiration.
Fine, Velcro-like crackles are thought to be produced by
the opening of collapsed alveoli. Fine crackles are more
often heard at the lung bases and may be caused by pul-
monary edema or interstitial lung disease.

Rhonchi are low-pitched gurgling sounds associated
with secretions in a larger airway. Rhonchi may clear
following an effective cough or suctioning.

A pleural friction rub is thought to be caused by
the rubbing together of inflamed pleura as the lung
expands and contracts during breathing.

Absent breath sounds indicate an absence of airflow
that may occur with atelectasis, pneumothorax, or con-
solidation. Diminished breath sounds are often heard
over a pleural effusion or with severe COPD.

Voice sounds are sometimes assessed during aus-
cultation of the chest, and these may be helpful in
clarifying a specific condition. E-A egophony refers to
a technique in which the patient repeats the vowel “E”
as the clinician moves the stethoscope from side to side
across the chest. If the sound heard using the stetho-
scope changes from “E” to “A,” this may be due to com-
pression of the lung tissue below a pleural effusion or
due to consolidation. Whispered pectoriloquy refers to a
distinct increase in transmission of vocal sounds asso-
ciated with early pneumonia, pulmonary infarction, or
atelectasis. The following is a summary of the breath
sounds heard with specific disorders:

Cardiac Examination

m Atelectasis: Absent or diminished breath sounds.
It should be noted that with microatelectasis,
bronchial breath sounds with expiration equal or
louder than inspiration are sometimes heard over
the affected area (usually the lower lung zones).
Microatelectasis is often seen in postop abdomi-
nal or thoracic surgery patients or others with an
ineffective inspiration due to pain.

B Bronchospasm: Wheezing as seen in asthma.
Wheezing may also be seen with tumor, heart dis-
ease, and foreign body inhalation.

m Consolidation: Bronchial breath sounds, crackles,
E-A egophony, whispered pectoriloquy.

m Interstitial fibrosis: Bronchovesicular breath
sounds, inspiratory crackles.

m Pleural effusion: Absent breath sounds over fluid;
pleural rub may be heard above effusion; bron-
chial breath sounds may be heard over upper bor-
der of effusion.

m COPD: Often may exhibit diminished breath
sounds.

® Pneumothorax: Absent or diminished breath
sounds on affected side.

With respect to normal and abnormal breath sounds
one should be cautious in the interpretation of findings.
Often, there is little agreement between physicians as
to the breath sounds being heard. In general, however,
most would agree to the terms and possible implica-
tions described in Table 5-15 when these sounds are
present. Figure 5-14 provides examples of normal (well)
versus abnormal (ill) breath sounds heard during aus-
cultation of the chest.

Cardiac Examination

The cardiac examination should be completed in a
private and comfortable room, if possible. To com-
plete a thorough examination, the patient’s precor-
dium should be exposed to allow visualization of the
chest. Traditionally, the examiner is positioned on the
patient’s right side. Examination of a female may be a
bit challenging due to breast tissue; if necessary, the
examiner should move breast tissue to allow adequate
exposure and stethoscope placement. As with all
exams, the cardiac exam should be completed on bare
skin and should never be completed over clothing or
gowns.

Inspection and Palpation

To begin the cardiac exam, the clinician should observe
and palpate the precordium.* The skin should be
assessed for discoloration, scars, or lesions/rashes.
Also, while inspecting the skin, the precordium should
be inspected for pulsations on the chest wall. These
impulses are generated from the pulsations of the heart
itself and the great vessels. The examiner should be
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TABLE 5-15
Breath Sounds and the Related Clinical Implications

Breath Sounds ‘ Possible Implications

Vesicular Normal over most of the chest except over major airways.

Tracheal or bronchial Harsh, loud sounds. Normal if found over a large airway. Indicative of consolidation if heard elsewhere.

Bronchovesicular Normal over or near large airways. Associated with consolidation if heard elsewhere.

Diminished or absent Associated with hypoventilation of that portion of the lung, severe COPD, pneumothorax, pleural effusion,

atelectasis, bronchial intubation.

Wheezing (high-pitched) Wheezes are associated with partial obstruction of small airways, such as occurs with bronchospasm as in

asthma. Sometimes heard with tumor, foreign body, aspiration, or other irritation.

Rhonchi (low-pitched) Rhonchi are low-pitched gurgling sounds associated with secretions in a bronchus or larger airway that may

clear following cough.

Crackles (rales) Discontinuous “popping” sounds associated with the opening and closing of alveoli during breathing. Inspiratory
crackles are sometimes heard in the bases in patients with pulmonary edema, atelectasis, pneumonia,

bronchiectasis, and interstitial lung disease.

E-A egophony An audible “A” sound when the patient says “E.” Associated with consolidation.

Pleural friction rub Loud, dry, creaky, coarse, leathery sound associated with pleural irritation and inflammation.

aware of the underlying anatomic structures to allow
appropriate documentation. The examiner should
palpate each anatomic area utilizing his or her finger-
tips or the ulnar surface of the hand that correlates to
the heart valves, noting any pulsations, vibrations, or
abnormalities. Of note, the areas of palpation of the
precordium correlate with the auscultatory areas that
will be discussed further. For documentation purposes,
vibrations are documented as a thrill, and the exam-
iner should document the anatomic location where the
abnormality is noted. Table 5-16 describes the surface
anatomy related to the location of the heart valves.

Rhonchi: coarse,

Another pulsation that is commonly assessed is the
apical impulse, or point of maximum impulse (PMI),
that is generated by the apex of the heart.*® Normal
location of the PMI is the fifth intercostal space at
the midclavicular line. This pulsation is documented
slightly differently in that the size of the impulse is also
documented. Typically, a normal apical impulse has a
diameter of approximately 2 to 3 cm in diameter, which
may be enlarged due to cardiac pathology. In different
cardiac pathologies, specifically with cardiac chamber
enlargement, the apical impulse may be displaced later-
ally or the diameter of the pulsation may be enlarged.

low-pitched; may clear
with cough

Wheeze: whistling,
high-pitched

Bronchial: coarse, loud;
heard with consolidation

Rub: scratchy,
high-pitched

Crackles: fine crackling,
high-pitched

FIGURE 5-14 Abnormal and normal breath sounds.

Bronchial:
coarse, loud

Bronchovesicular:
combination bronchial
and vesicular; normal
in some areas

Vesicular:
high-pitched,
breezy
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TABLE 5-16
Cardiac Anatomic Locations for Palpation of the Heart

Anatomic Location

Cardiac Examination

‘ Abnormal Findings

Second right intercostal space, right upper sternal Aortic Thrill" secondary to murmurs at aortic valve
border Abnormal aortic pulsations due to aneurysm

Second left intercostal space, left upper sternal Pulmonic Thrill" secondary to murmurs at pulmonic valve
border Palpable P2 indicative of pulmonary hypertension

Fifth left intercostal space, left lower sternal border Tricuspid Thrill” secondary to tricuspid murmur

Fifth left intercostal space, medial to left Mitral Right ventricular heave or lift is an abnormal outward thrust of the
midclavicular line heart due to a hypertrophy of the right ventricle

*A thrill is an abnormal tremor or vibration felt during chest wall palpation.

Either of these findings should be correlated clinically
with the other physical exam findings as well as the
patient history. Figure 5-15 provides an illustration of
palpation of the apical pulse.

Auscultation of the Heart

Auscultation of the heart is a technique that requires
practice and a discriminating ear. As described earlier,
there are four commonly utilized auscultatory areas
of the heart.® Normal heart sounds correlate with the
closure of the various heart valves during systole and
diastole. When using a stethoscope it is important to
understand the different functions of the chest piece
because this will allow the clinician to better appreciate
sounds of higher or lower frequency. The diaphragm of
the chest piece is typically the larger side of the scope
and is used to auscultate high-frequency sounds such
as heart murmurs (see Figure 5-12). To appropriately
utilize the diaphragm, it is important that the clini-
cian maintains an adequate seal on the patient’s body.
The bell of the chest piece is utilized to auscultate
low-frequency sounds, such as extra heart sounds (S,
or S,). The auscultation of the heart can be performed
with the patient upright or, if the patient is unable to
sit upright, the head of the bed can be elevated to allow
appropriate cardiac examination. If the patient is able
to sit upright comfortably, having the patient lean
slightly forward will allow the heart to move closer to
the chest wall to allow a better examination.

The auscultation of the heart follows the ana-
tomic landmarks discussed earlier and is outlined in
Figure 5-16. When auscultating the heart, the clinician
should be cognizant of the anatomic location because
this will help the clinician decipher abnormal heart
sounds. It is important when beginning the cardiac
examination, specifically with auscultation, that the
clinician follow a systematic approach. All areas of the
heart should be auscultated utilizing the diaphragm
and the bell. Certain areas are appreciated more

FIGURE 5-15 Palpation of the apical pulse.
© Jones & Bartlett Learning. Photographed by Christine Myaskovsky.

2nd right Pulmonic valve

interspace

2nd left interspace
Tricuspid

valve 3rd left interspace

4th left
interspace

interspace
(mitral apical)

FIGURE 5-16 Areas for auscultation of the heart.
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BOX5-15

Steps to Cardiac Auscultation

1. Begin with the aortic area, which is located
along the right sternal border. Palpating for
the right second intercostal space along the
right sternal border will ensure the appro-
priate stethoscope location.

2. Next, move the stethoscope directly towards
the patient’s left sternal border at the left
second intercostal space. This is clini-
cally called the pulmonic area or left upper
sternal border.

3. Moving down the left sternal border, next
auscultate the tricuspid area. This area is
located at the left lower sternal border at the
left fourth intercostal space.

4. The final auscultatory site is the mitral area,
which is located at the apex of the heart.
The mitral area is anatomically located at
the fifth intercostal space in the midcla-
vicular line. Auscultating the mitral area
can be accentuated by using the bell of the
stethoscope and having the patient lie in the
left lateral decubitus position.

accurately with the bell, as will be discussed below.
The steps to the cardiac auscultation are outlined in
Box 5-15.

Normal Cardiac Sounds

There are typically two “normal” heart sounds that are
auscultated for during the cardiac examination, the S,
and 82.33 The S, and S, represent the “lub” and “dub,”
respectively, that are heard by the clinician when listen-
ing to the heart. Both heart sounds represent portions
of the normal cardiac cycle. Of note, while auscultating
each of the anatomic locations discussed above, the
clinician should note the quality of S and S, in each
location. Specifically, is S, loud or soft, or is there a split
inS orS,?

Abnormal Heart Sounds

Aside from S, and S,, extra heart sounds may be heard
during cardiac auscultation that are typically indica-
tive of a pathologic process.*® Both extra heart sounds,
termed S, and S p are associated with diastolic filling
and blood striking the left ventricle. Both S, and S,
are typically heard at the apex of the heart and can

be appreciated best using the bell of the stethoscope

because they are typically low-pitched sounds. S, and
S, may be caused by left ventricular dysfunction. S, is
normal in young patients, but often implies ventricular
stiffness in older patients. Box 5-16 summarizes the
primary (S, and S)) and secondary (S, and S,) heart
sounds.

Heart murmurs are “whooshing” sounds caused by
turbulent blood flow. Causes of heart murmurs include
mitral valve regurgitation, aortic valve stenosis, and
mitral valve stenosis. An abnormal opening between
the left ventricle and the right heart or between the
aorta or pulmonary arteries and a heart chamber may
also cause a heart murmur. Box 5-15 describes the sur-
face anatomy related to auscultation and palpation for
heart sounds and thrills associated with valvular dis-
ease. Remember that a cardiac “thrill” is a vibration or
a tremor felt upon palpation of the chest wall. Box 5-17
provides a grading system for classifying heart mur-
murs from faint to loud.

Abdominal Examination

The abdominal exam is a multistep examination.?® As
with all physical examination procedures, the patient’s
comfort and modesty should be priorities. When begin-
ning an abdominal exam, the patient should be placed
comfortably in the supine position. If the patient is
suffering from a cardiac or respiratory disorder that
prevents the patient from lying in the supine position
comfortably, the patient’s head may be elevated to a
comfortable level by either elevating the head of the
exam table or utilizing pillows to prop the patient’s
head up to a comfortable level. Prior to laying the
patient in the supine position, the examination table
should be extended so the patient’s legs will be paral-
lel to ground. The patient should be draped to expose
only the portions necessary for the exam. The patient
should be supine and wearing a gown with the open
portion to the back; the gown can be lifted to the level
of the diaphragm to expose the abdominal region. Prior
to exposing the abdominal region, the patient should
be draped from pubic region and below. If the patient
is wearing undergarments, the drape can be loosely
tucked into the top of the undergarment to ensure
modesty. The abdominal musculature may tense if the
patient’s head is not resting comfortably on the exam
table. If the examiner notes abdominal tensing, the
patient’s legs may be bent to facilitate relaxation. Simply
bending the leg at the knee and resting the patient’s
soles of the feet on the exam table should be sufficient
to allow complete relaxation of the musculature. The
clinician should discuss the exam techniques with the
patient prior to doing the exam maneuvers.

Abdominal Anatomy

During all aspects of the abdominal exam, the exam-
iner should be cognizant of the anatomic quadrants
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Abdominal Examination

BOX 5-16

Heart Sounds

The S, and S, “lub-dub” heart sounds are normal. The S, heart sound is usually abnormal, whereas the S . heart
sound is always abnormal. Each sound is described below.

S,, “Lub”

+ S, marks the beginning of systole, or ventricular contraction.

o This is the sound that is created when the mitral and the tricuspid valves close.

o Best heard at the apex of the heart or along the left sternal border. It is normally a single sound.

+ If the examiner is struggling to differentiate between S, and S, the carotid pulse can be located and pal-
pated. S, just precedes the carotid upstroke, or the beginning of the carotid pulse.

+ S, can be appreciated with either the bell or the diaphragm of the stethoscope, but because this is a
higher-pitched heart sound, it can be more readily assessed with the diaphragm.

+ S, should be assessed in all four auscultatory areas.

S,, “Dub”
+ S, marks the beginning of diastole or ventricular filling that directly follows ventricular ejection.
S, is the heart sound created when the pressure between the atrium and ventricle changes to allow the
aortic and pulmonic (semilunar) valves to close.
+ S, isloudest and best heard at the base of the heart.
« Aswith S, S, correlates with the carotid pulse but directly follows the pulsation. S, should be assessed in
all four auscultatory areas.

S;
+ S, is heard in early diastole, just following S, during the rapid ventricular filling phase.
+ S, can be a normal finding in healthy athletic young people but is rarely normal after the age of 40.
+ S, is most often a sign of a distended or floppy left ventricle and indicates some level of systolic dysfunc-
tion
+ S, is commonly heard in patients with congestive heart failure.
+ Timing of the S, follows directly after S, and before S,.
+ The S, is sometimes described as the “Kentucky gallop,” where S, = Ken; S, = tuk; S, = y.
+ “Lub-du-bub” is the typical sound heard with S_.
S

e S,is heard in late diastole, just prior to b —

S, is caused by atrial contraction or atrial kick.

+ S, isalso a low-pitched sound and is best heard best with the bell of the stethoscope at the apex of the
heart.

+ S, is never a normal finding and is caused by a still left ventricle.

+ The mnemonic commonly utilized to describe an S, is “Ten-ne-see,” where S, is the “Ten” syllable.

+ “Dub-lub-dub” is the typical sound heard with S,.

that are used for documentation as well as localization
of findings. Typically the abdomen is separated into
four quadrants: right and left upper quadrants and right
and left lower quadrants, utilizing the umbilicus as the
landmark for differentiation of left and right regions
and upper and lower regions. The four-quadrant system
is commonly utilized in clinical practice for documen-
tation purposes.

Inspection

The first component of the abdominal exam is inspec-
tion.*® The exam room should be well lit so that the
clinician is able to observe small details that may oth-
erwise be overlooked. First, the abdomen should be
observed for general shape and contour. Skin color, dis-
tension, ascites, scars, pulsation, or ecchymoses (subcu-
taneous blood) should be noted. Jaundice may suggest

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



180 CHAPTER5 Physical Assessment

BOX'5-17

Timing and Grades of Heart Murmurs

Grade 1: Very faint murmur only appreciated by
an expert in optimum conditions.

Grade 2: Faint murmur recognized by nonexpert
in optimum conditions.

Grade 3: Loud murmur without an accompany-
ing thrill.*

Grade 4: Loud murmur with an accompanying
thrill.*

Grade 5: Loud murmur heard with stethoscope
partially off the chest.

Grade 6: Loud murmur heard with stethoscope
off the chest.

*A “thrill” is a tremor or vibration felt upon palpation of the
chest wall

liver disease due to increased bilirubin. Abdominal dis-
tension can be caused by obesity, excess abdominal gas,
peritoneal fluid (ascites), enlarged liver (hepatomegaly),
enlarged spleen, tumor, or obstruction.* Ascites can

be caused by liver disease (e.g., portal hypertension),
lymph obstruction, decreased plasma oncotic pressure,
infection, or inflammation.* Visible abdominal peri-
stalsis can sometimes be observed in patients with a
thin abdominal wall.* Visible pulsation of the abdomen
may be caused by the motion of the abdominal aorta.®

Auscultation

Auscultation of the abdomen should be performed
prior to percussion or palpation.* The exam is
completed using the diaphragm of the stethoscope.
Typically, the examiner should listen for bowel sounds
in all four anatomic locations. The clinician should
place the prewarmed diaphragm of the stethoscope
on the abdomen and listen for 15 or 20 seconds. Bowel
sounds are created by intestinal motility and move-
ment of digested food through the bowel. Bowel sounds
should be evaluated for frequency and quality. Bowel
sound descriptors include the following:

m Hyperactive bowel sounds: Loud, gurgling rushed
sounds

B Hypoactive bowel sounds: Soft, low, widely sepa-
rated sounds, such as one or two occurring in 2
minutes

m Absent sounds: Sounds are not heard for 3 to 5
minutes of auscultating in each quadrant

Decreased or absent bowel sounds may be caused
by a decrease or absence of peristalsis. This may occur

due to mechanical bowel obstruction (e.g., tumor, adhe-
sions, hernia), inadequate blood supply (e.g., mesenteric
artery obstruction), or paralytic ileus (e.g., blockage,
hypokalemia, infection, trauma). Abnormal bowel
sounds should be evaluated along with other symptoms
such as nausea, vomiting, gas, and nature (or absence)
of bowel movements.

Palpation

Palpation techniques are used to assess organ size and
location of masses or abdominal pain.*® Most com-
monly, the liver, spleen, and kidneys are assessed for
enlargement, shape, and contour. When palpating the
abdomen, it is important for the practitioner to remem-
ber the basics of adnominal anatomy in relation to the
quadrant that is being assessed. If masses or tender-
ness are noted, the practitioner should be aware of the
quadrant and begin thinking of possible causes. When
palpating the abdomen, one should note the quality of
the abdominal musculature. The average patient should
have a soft, nonrigid abdomen. The term guarding is
utilized to describe abdominal muscle spasm upon
palpation, which is a sign of abdominal tenderness or
inflammation. Rigidity describes a boardlike spasm
that does not correlate to palpation. This is a more
ominous sign, because it may indicate serious abdomi-
nal disorders, such as a perforated viscous, mesenteric
infarction, or diffuse peritonitis. All four quadrants
should be assessed utilizing light and deep palpation
techniques. If the patient has known abdominal pain,
that palpational area should be left until the very end of
the assessment.

Percussion

Abdominal percussion is performed by using one

hand as the base on the patient, typically the non-
dominant hand, and the dominant hand as the “ham-
mer.” Commonly the dorsal aspect of the middle third
phalanx is struck on the base with the dominant hand
being the “hammer.” When completing this technique,
the base finger should be pressed firmly on the patient’s
bare skin while the dominant hand being the hammer
delivers two blows to the base by bending at the wrist
only. When using percussion techniques on the abdom-
inal exam, all four quadrants should be percussed, not-
ing the quality of the note elicited. Most areas of the
abdomen will have a tympanic quality to them due to
the gas located within the bowel. Important findings
include excessive gas (e.g., tympanic percussion), pain,
or pneumoperitoneum (air in the peritoneal space)
caused by abdominal trauma or perforation.

Extremities

Assessing a patient’s upper and lower extremities,
including skin and nails, can give insight into the
underlying disorder. When examining a patient’s
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extremities, it is important to be aware of the patient’s
comfort. Drapes/sheets should be utilized to expose
only the extremity being examined and to provide
privacy when at all possible. Specifically for the extrem-
ities, the practitioner should compare findings bilater-
ally (i.e., side to side) and note if any abnormalities are
unilateral or bilateral in nature.

The practitioner should inspect both upper and
lower extremities, comparing both sides of the body
and noting any sort of discoloration, such as redness,
cyanosis, or skin changes or lesions.?*?” Table 5-17
provides a summary of skin changes seen with different
disease states and conditions.

The next step in the examination of the extremities
should be testing for temperature of the extremities.
The temperature of the skin can be assessed by feeling
the patient’s skin on the lower and upper extremities
with the back of the hand. It is important to compare
both sides, specifically looking for temperature changes
or differences.

Specific Exam Findings

When examining a patient’s extremities care should
be taken to assess capillary refill, color, temperature
(warm vs. cool), skin condition (dry vs. moist), digital
clubbing, and the presence of edema. Specific for a car-
diopulmonary examination, inspection of the patient’s
fingers for the presence of nicotine stains should also
be performed. Adequate capillary refill is an indication
of adequate peripheral circulation and oxygenation.
Peripheral cyanosis (as opposed to central cyanosis)
may indicate poor peripheral circulation and oxygen-
ation. Warm, moderately moist extremities generally
indicate good peripheral perfusion and oxygenation.
Cold, clammy extremities indicate poor perfusion and
circulation.

TABLE 5-17
Skin Appearance

Suspected Disease State

Appearance or Condition
Redness Infection
Cyanosis Hypoxia

Brown discoloration Venous stasis

Pale Arterial insufficiency

Mottled appearance Underperfusion or arterial insufficiency

Petechia Microvascular hemorrhage
Ulceration Trauma, diabetes, vascular insufficiency
Black/eschar Gangrene

Extremities

Edema is swelling of the soft tissues due to excess
fluid accumulation associated with cardiopulmonary
disease, kidney failure, liver disease, or obstruction of
venous or lymph drainage.”* Edema may be general-
ized or present only in dependent portions of the body,
such as the legs and ankles or back hip area of the
patient confined in bed. Unilateral peripheral edema
may be caused by venous flow obstruction as may
occur with tight bandages or deep vein thrombosis.??
Bilateral peripheral edema, particularly in the ankles,
feet (pedal edema), and, in severe cases, arms and legs,
is associated with CHF and fluid overload. Edema of
the ankles and feet is often most prominent after the
patient has been standing or sitting for a period of time
and may be relieved following bed rest with elevation
of the legs.?® Edema of the lower legs, and particularly
the ankles, is commonly seen in patients with right
heart failure (cor pulmonale) due to chronic lung dis-
ease. With severe right side CHF, edema can lead to
hepatomegaly (due to liver congestion) and ascites (col-
lection of fluid in the abdomen).?* The patient with left
heart failure also often presents with pedal edema, and
edema of the feet, legs, and arms is not uncommon in
patients in multisystem organ failure. Pitting edema is
present when the depression in the skin left by pressing
on the edematous area does not refill immediately.*®
Table 5-18 provides a scale for grading pitting edema.

Clubbing

Digital clubbing is associated with chronic pulmonary
disease and, on occasion, lung cancer.?>?> Clubbing is
characterized by a bulbous swelling of the distal pha-
langes of the fingers and toes caused by proliferation
of the connective tissue between the nail matrix and
the distal phalanx. The exact etiology of this condition
is unknown, but possible factors associated with the
development of clubbing may include chronic infec-
tion, circulating vasodilators or unspecified toxins,
and chronic hypoxemia.?* Clubbing is sometimes

TABLE 5-18
Grades of Pitting Edema

Grade ‘ Description

Absent Normal skin response following application and
removal of pressure (e.g., indentation does not
persist).

+ Mild pitting edema present in feet and ankles.

++ Moderate pitting edema present in feet, ankles,
lower legs (also, maybe present in hands or lower
arms).

+++ Severe generalized pitting edema including feet,

ankles, legs, arms, and face.
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FIGURE 5-17 Digital clubbing.

seen with cystic fibrosis, bronchiectasis, interstitial
lung disease, bronchogenic cancer, lung abscess, or
chronic cardiovascular disease.?”*® Digital clubbing
may be associated with decreased oxygen delivery to
the tissues; however, clubbing may or may not be asso-

diamond space between the nails called Schamroth’s
window. If this is observed, then the nails are not
clubbed; if the window is not observed, then digital
clubbing is present. Normal, mild, and severe digital
clubbing are pictured in Figure 5-17.

ciated with cyanosis, and COPD alone does not lead to
clubbing.?%

To assess for digital clubbing the clinician can look
at various aspects of the digits, such as nail fold angles
and the shape, depth, and width of the fingertips. A
common technique utilized clinically is assessing for
Schamroth’s sign. To assess Schamroth’s sign the clini-
cian will ask the patient to place opposite forefinger
(dorsal surface) nails together and will look between
them. Normally, the clinician should observe a small

Ancillary Equipment in Use

Always note the presence or absence of I'Vs, respirators,
cardiac monitors, urinary catheters (Foley bags), oxygen
or aerosol equipment, isolation equipment, incentive
spirometry equipment, chest drainage systems, sputum
cups, restraints, and so on. The presence or absence

of each of these items tells you something about the
patient’s condition.

CLINICAL FOCUS 5-2

Patient Assessment

Maria Rodriguez, a 67-year-old female is admitted to the emergency department complaining of increasing short-
ness of breath over the last several days. Her dyspnea worsens at night or when lying down. She has not taken any
medications to treat her illness, but has made an appointment for next week to see her primary care provider. The
following information is collected by the respiratory care clinician as a part of a complete assessment:

Patient profile: The patient is married, and has two children and four grandchildren, all in good health. The pa-
tient does not smoke, though her husband smoked for 20 years and recently quit smoking. The patient worked for
40 years as an administrative secretary in the social security office downtown. Since retirement, she spends most
of her time at home, caring for her family. She does not exercise on a regular basis and her diet is high in fat and
carbohydrates. She sees her primary care provider on occasion, and she has had her flu and pneumococcal vaccines
this past year. She states she has “high cholesterol” but is not taking medications at this time. She also says she has
experienced some weight gain over the last week or so.

General appearance: The patient is sitting up in bed and is awake, alert and oriented to time and situation. She
appears to be well nourished and her BMI is recorded as 30. She appears to be anxious and somewhat restless. The
nurses have placed the patient on oxygen therapy by nasal cannula at 2 L/minute due to her dyspnea.

Vital signs:

Heart rate: 100 bpm; pulse slightly irregular
Respiratory rate: 22 breaths/min
BP: 150/100
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Ancillary Equipment in Use

(continued)

Temperature: 99° F

Spo,: 90% on O, at 2 L/min

Pain: the patient states that “I do not have any chest pain, but I do feel short of breath right now” and “I don’t

have any pain in my abdomen, but it feels swollen”

HEENT: Jugular venous distention noted with patient seated at a 45-degree angle; no cyanosis of lips or gums;
otherwise HEENT normal.

Chest: Chest resonant to percussion, no fremitus noted, no tracheal shift, equal bilateral chest expansion with
increased respiratory rate and inspiratory accessory muscle contractions. Upon auscultation, vesicular breath
sounds noted over most of the thorax with fine crackles (rales) at the bases and intermittent wheezing on expira-
tion.

Cardiac: S, and S, noted with an S, gallop rhythm. The point of maximal impulse (apical impulse) is laterally
displaced past the midclavicular line. No murmurs or thrills noted.

Abdomen: Liver and abdomen feel swollen

Extremities: Swelling noted in the ankles, legs and hands with ++ pitting edema; no peripheral cyanosis in nail
beds.

What is the patient’s chief complaint?
Answer: Increasing shortness of breath.

Describe the HPL

Answer: The patient came to the emergency department because of increasing shortness of breath over the last sev-
eral days. She has not taken any medications to treat her illness, but had made an appointment for next week to see
her primary care provider. She breathes easier in the sitting position and becomes more short of breath when lying

down (orthopnea). Symptoms worsen at night (paroxysmal nocturnal dyspnea). Recent weight gain noted.

Provide your assessment of the patient’s vital signs.
Answer: Tachycardia, tachypnea, and hypertension are present. Temperature is within normal range and the pa-
tient is not in pain. Spo, suggests corrected hypoxemia on 2 L/min of O,.

Provide your assessment of the patient’s HEENT examination.
Amnswer: JVD is associated with fluid overload and CHEF. The patient does not show central cyanosis while receiving
O, therapy; however, she may become hypoxemic if switched to breathing room air.

Provide your assessment of the patient’s chest examination.

Answer: Breath sounds suggest possible pulmonary edema (crackles) with wheezing, which could be due to airway
narrowing or congestion. Chest assessment does NOT suggest a unilateral lung problem. Cardiac sounds suggest
possible left ventricular enlargement.

Provide your assessment of the abdominal and extremities examinations.
Amnswer: Abdominal distention may be due to hepatomegaly and/or ascites, which may be associated with CHF and
fluid retention. Peripheral edema suggests fluid overload.

What is your overall assessment of the patient’s condition?

Patient history suggests factors that predispose to the development of CHF, including sedentary lifestyle, hyper-
lipidemia, and obesity (BMI = 31). Tachycardia, tachypnea, and hypertension suggest a cardiopulmonary problem.
Physical examination suggests bilateral lung disease such as pulmonary edema based on chest expansion and
breath sounds. Heart sounds are consistent with CHE. Spo, is 90% on O, therapy, suggesting hypoxemia on room
air. CHF with cardiac pulmonary edema is a likely diagnosis. ECG, chest X-ray, echocardiogram, and laboratory
studies (e.g., CBC, liver function test, BNP or NT-proBNP) should be considered to confirm or rule out this diag-
nosis. Fasting blood glucose should be obtained to screen for diabetes.

Treatment: Treatment of CHF with fluid overload includes administration of diuretics and sodium restriction.
ACE inhibitors (or alternative medications) may be given to treat left ventricular dysfunction; 3-blockers may be
indicated in patients with markedly reduced left ventricular ejection fraction (LVEF < 40). Smoking cessation, diet,
exercise, and management of comorbid conditions (e.g., diabetes, obesity, hyperlipidemia) may be helpful in many
patients.

BNP, brain natriuretic peptide, a hormone released from the heart (aka B-type natriuretic peptide)
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TABLE 5-19
Physical Findings of Common Respiratory Diseases

Condition Percussion Note Sounds Fremitus Breath Sounds Adventitious Sounds

Normal Resonant Normal Vesicular None

Left heart failure Resonant Normal Vesicular Crackles or occasionally
wheezes

Pleural effusion Dull or flat Absent or decreased Decreased or absent None or pleural rub

Consolidation Dull Increased Bronchial Crackles, rhonchi, or egophony

Bronchitis Resonant Normal or decreased Prolonged exhalation Wheezes, crackles, or rhonchi

Emphysema Hyperresonant Decreased Decreased or absent None

Pneumothorax Hyperresonant Decreased or absent Decreased or absent None

Atelectasis Dull Variable Absent or diminished None or crackles

Asthma Resonant or hyperresonant Normal or decreased Vesicular Wheezes

Pulmonary fibrosis Resonant Normal Vesicular Crackles

Putting It All Together

Being competent at physical examination is only one
component of patient care. The respiratory care clini-
cian must be able to correlate the patient’s history,
physical examination, and diagnostic test results to
create a differential list and working diagnosis. This
process begins as soon as the clinician determines

the patient’s chief complaint. For example, if a patient
presents with a complaint of shortness of breath, the
initial “idea” list (i.e., differential list) can be very broad,
ranging from cardiac to pulmonary to neurologic dis-
orders. As the clinician progresses with the history and
physical exam, the differentials may narrow or broaden
depending on what the patient says or findings on phys-
ical examination (Table 5-19).

For example, a patient with acute dyspnea may suf-
fer from upper airway problems (e.g., aspiration, airway
trauma, angioedema, or anaphylaxis); pulmonary prob-
lems (e.g., pulmonary embolism, pulmonary edema,
infection, acute exacerbation of COPD, acute asthma,
acute respiratory distress syndrome [ARDS]); neuro-
muscular disease (e.g., myasthenia gravis or Guillain-
Barré syndrome); other ventilatory impairments
(e.g., trauma or poisoning); or cardiac problems (e.g.,
arrhythmia, CHF, MI). Careful review of the findings
on the physical examination may clarify the differential
diagnosis and guide the selection of additional diagnos-
tic studies. For example, the patient’s general appear-
ance may suggest acute distress but the vital signs may
suggest hypoxia. The HEENT may identify swelling of
the lips, tongue, or pharynx (angioedema) associated
with allergy or anaphylaxis. Inspection of the thorax
may reveal rib fractures, trauma, or surgical scars (e.g.,

postcardiac surgery). Chest examination (percussion,
palpation, auscultation) may further suggest the pres-
ence of pulmonary edema, pleural effusion, consolida-
tion, or bronchospasm. Cardiac arrhythmia may be
suggested by an abnormal heart rhythm. Examination
of the extremities may reveal peripheral edema related
to heart failure.

In short, the physical examination provides vital
clues as to the patient’s diagnosis and guides further
diagnostic studies. Last, the physical examination
serves a vital role in the development and evaluation of
the patient’s respiratory care plan.

Key Points

» Physical assessment skills include inspection, pal-
pation, percussion, and auscultation.

» A physical examination will include vital signs;
skin; head, eyes, ears, nose, and throat (HEENT),
thorax, abdomen, and extremities.

» Tachycardia (HR > 100 bpm) and bradycardia
(HR < 60 bpm) can be caused by cardiopulmo-
nary disease.

» Rapid shallow breathing is common with respira-
tory failure.

» Chronic hypertension is associated with the
development of congestive heart failure, heart
attack, stroke, and kidney disease.

» Risk factors for chronic hypertension include
obesity, tobacco smoking, poor conditioning, and
poor eating habits.

»  Antihypertensive medications should be consid-
ered for patients with a persistent elevation in
blood pressure.
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Hypotension may be caused by decreased cardiac
output, peripheral vasodilation, or hypovolemia.
Types of shock include cardiogenic, hypovolemic,
and distributive shock.

Most fevers are caused by infection, often viral in
origin.

Antipyretics include acetaminophen, aspirin, and
NSAIDs (e.g., ibuprofen).

Heat exhaustion may occur following exertion in
a hot, humid environment.

Signs of pain sometimes seen in the ICU patient
include grimacing, writhing, tachycardia, hyper-
tension, and diaphoresis.

Body mass index (BMI) provides an indirect esti-
mate of body fat.

BMI > 25 indicates the patient is overweight; BMI
> 30 indicates obesity.

Significant weight loss in a previously healthy
person can signal serious health problems.
Excessive sweating can be a sign of respiratory
distress.

Cyanosis is a variable finding with hypoxia.
Assessment of mental status includes orientation
to person, place, time, and situation.

The following terms are used to describe levels
of consciousness (LOC): awake and alert, sleepy,
confused, lethargic, obtunded, stuporous, and
comatose.

The neurologic examination seeks to identify cog-
nitive, sensory, motor, or coordination deficits.
Normal pupils will contract when exposed to a
bright light and dilate when the light is removed.
Common general neurologic symptoms include
headache, memory loss, spells, and insomnia.
Cyanosis is often most apparent in the lips, gums,
and oral mucosa.

Jugular venous distension may suggest heart fail-
ure or fluid overload.

Anincreased anteroposterior chest diameter sug-
gests overinflation.

Retractions may be caused by upper airway
obstruction.

Abdominal paradox is sometimes seen in patients
in respiratory failure and may be associated with
diaphragmatic fatigue.

Tympany, or hyperresonance, is seen with
pneumothorax.

Dullness is seen with pleural effusion or
consolidation.

Abnormal breath sounds include wheezing, stri-
dor, crackles, and rhonchi.

S, and S, are normal heart sounds; S, and S , are
abnormal heart sounds.

Clubbing is associated with chronic respiratory
disease and, on occasion, lung cancer.
Abdominal disorders include distension, ascites,
abnormal bowel sounds, and obstruction.
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CHAPTER OBJECTIVES

1. Describe the clinical manifestations (signs and symptoms)
of hypoxia.
2. Contrast the findings associated with mild, moderate, and
severe hypoxia.
3. Define respiratory failure and contrast lung failure and
pump failure.
4. Given the needed information, calculate inspired and
alveolar oxygen tension.
5. Define altitude hypoxia and explain when it might occur.
6. Describe the stages of altitude hypoxia.
7. Describe acute mountain sickness, including signs,
symptoms, and treatment.
8. Explain why in-flight supplemental oxygen may be required
by patients with lung disease.
9. Provide examples of other forms of ambient hypoxia.
10. List five causes of upper airway obstruction in adults.
11. Describe common causes of upper airway obstruction in
children.
12. Contrast variable and fixed upper airway obstruction.
13. Describe the diagnosis and treatment of obstructive sleep
apnea (OSA).
14. Describe causes of and common clinical findings
associated with lower airway obstruction.
15. Explain the relationships among alveolar ventilation, CO,
production, and arterial CO, tension.
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Use the alveolar air equation to calculate alveolar oxygen
tension (Pao,).

Describe the effects of hyperventilation and hypoventilation
on Pao,.

Calculate the alveolar-arterial oxygen gradient [P(a — a)o,],
the arterial-alveolar oxygen ratio (Pao,/Pao,), and the
arterial oxygen-oxygen concentration ratio (Pao,/Fio,) and
interpret the results. )
Name disease states or conditions that may cause low V/Q,
shunt, and dead space.

Contrast anatomic and intrapulmonary shunt and give
examples of each.

Explain how low V/Q affects oxygenation.

Calculate shunt fraction and explain how shunt affects
oxygenation.

Contrast response to oxygen therapy in patients with low
V/Q versus shunt.

Describe the factors that affect diffusion across the lung.
Compare disease states or conditions that impair diffusion.
Calculate arterial blood oxygen content (Cao,) and explain
and interpret the results.

Explain the effect of hemoglobin (Hb) levels on Cao,

and describe the clinical consequences of anemia,
polycythemia, and abnormal Hb on oxygenation.

Describe the oxyhemoglobin (HbO,) dissociation curve and
contrast the relationship between Pao, and Sao, on the flat
and steep portions of the curve.

Describe the effects of the blood’s chemical environment
on the HbO, dissociation curve and explain why this is
clinically important.

Explain the relationship between P, and the affinity
between Hb and O,

Describe carbon monoxide poisoning to include causes,
diagnosis, and treatment.

List the causes of methemoglobinemia and describe its
diagnosis and treatment.

Contrast adult hemoglobin (HbA) and fetal hemoglobin
(HbF).

Calculate oxygen delivery (Doz) and explain why it is
important.

List causes and treatment of low cardiac output and shock.
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36. Calculate the oxygen extraction ratio (0, ER) and interpret
the results.

37. Describe cyanide poisoning to include causes, diagnosis,
and treatment.

38. Identify the indications for oxygen therapy and recommend
methods of administration.

39. Explain other techniques that may be used to improve
oxygenation.

40. Perform a complete assessment of a patient’s oxygenation
and develop and implement an appropriate respiratory care

plan.

KEY TERMS

2,3-diphosphoglycerate
(2,3-DPG)

A-a gradient [P(a - a)o,]

a-A oxygen ratio (Pao,/
Pao,)

acute mountain sickness

altitude hypoxia

alveolar oxygen tension
(Pao,) '

alveolar ventilation (V,)

ambient hypoxia

anatomic shunt

anemia

arterial oxygen content
(Cao,)

arterial oxygen saturation
(Sao,)

arterial oxygen tension
(Pao,)

Bohr effect

carboxyhemoglobin (COHb)

dead space

diffusion limited

HbO, dissociation curve

hypoxemia

hypoxia

inspired oxygen tension
(Pio,)

intrapulmonary shunt

lower airway obstruction

methemoglobinenemia

oxygen delivery (Do,)

oxygen extraction ratio
(0, ER)

oxygen saturation by pulse
oximetry (Spo,)

P50

Pao,/Fio, ratio

perfusion without ventilation
(shunt)

polycythemia

pulmonary capillary oxygen
tension (P o0,)

respiratory failure

sickle cell disease

stagnant or circulatory
hypoxia

upper airway obstruction

venous admixture

ventilation-perfusion ratio
vV/Q

ventilation without perfusion

hypoxic hypoxia

Overview

Ensuring adequate oxygenation is one of the most criti-
cal responsibilities of the respiratory care clinician.
Assessment of the patient’s oxygenation status requires
a clear understanding of the causes of hypoxia, an in-
depth knowledge of the associated clinical findings,
and a strong grasp of the underlying pathophysiology
of respiratory failure. After determining that a patient’s
oxygenation status is at risk, the respiratory care clini-
cian must be able to design, implement, and evaluate an
appropriate respiratory care plan to achieve and main-
tain adequate oxygenation.

Introduction

Adequate oxygenation is dependent on having suffi-
cient inspired oxygen concentrations, clear and patent
conducting airways, adequate alveolar ventilation, and
good matching of gas and blood in the gas exchange
units of the lung. There must then be adequate dif-
fusion of oxygen across the alveolar—capillary (A-C)
membrane in the lung and oxygen loading of the

BOX 6-1

Steps in the Oxygenation Process

Adequate tissue oxygenation requires the
following:

1. Inspired oxygen tension (P10,) must be
adequate.

2. The conducting airways must be clear and
patent.

3. Adequate alveolar ventilation (V,) is
required.

4. Matching of gas and blood in the alveoli and
adjacent pulmonary capillaries must occur.

5. Oxygen must diffuse across the alveolar—
capillary membrane into the blood.

6. The arterial blood oxygen content (Cao,)
must be adequate.

7. Adequate blood oxygen transport must
occur to deliver the oxygenated blood to the
tissues.

8. The systemic tissue beds must be adequately
perfused, and oxygen must be unloaded
from the blood and move to the tissues.

9. Tissue oxygen uptake and utilization must
function properly.

hemoglobin resulting in adequate blood oxygen con-
tent. The oxygen-rich arterial blood must then be deliv-
ered to the tissues for utilization in aerobic metabolism.
Box 6-1 summarizes the steps in the oxygenation pro-
cess. We will look at each step in the oxygenation pro-
cess in order to understand the key elements that must
be considered when assessing a patient’s oxygenation
status.

Initial Assessment of Oxygenation

Before describing the essential steps in the oxygen-
ation process, we will review the initial assessment of

a patient’s oxygenation status and describe the clinical
manifestations of hypoxia. Hypoxia is a term generally
used to describe inadequate tissue oxygenation. Hypox-
emia refers to low blood-oxygen levels. Other types of
hypoxia include ambient hypoxia, alveolar hypoxia,
hypoxic hypoxia, anemic hypoxia, circulatory hypoxia,
and histotoxic hypoxia.' These and related terms are
defined in Box 6-2.

Clinically, hypoxia is suspected when the clinical
manifestations (signs and symptoms) of inadequate
oxygen levels are present. In the presence of mild to
moderate hypoxia, patients may experience excitement,
overconfidence, restlessness, anxiety, nausea, headache,
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BOX 6-2

Terms Used to Describe Types of Hypoxia

Initial Assessment of Oxygenation

Altitude hypoxia: Form of ambient hypoxia due to reduced barometric pressure at high altitude.

Alveolar hypoxia: Decrease in alveolar oxygen levels (PA0,). Alveolar hypoxia may be caused by a decrease in
P1o,, hypoventilation, airway obstruction, or atelectasis.

Ambient hypoxia: Hypoxia due to a reduction in inspired oxygen (decrease in P10, or F10,). Causes include
breathing gas in a confined space without fresh gas replacement, resulting in consumption of the available
oxygen, or decreased barometric pressure, as seen with high altitude.

Anemic hypoxia: Inadequate blood oxygen content due to decreased hemoglobin or alteration in the ability of
the hemoglobin to carry oxygen (e.g., elevated carboxyhemoglobin or methemoglobinemia).

Anoxia: An older term used to indicate a complete absence of oxygen.

Cerebral hypoxia: Inadequate oxygen supply to the brain.

Circulatory hypoxia: Hypoxia due low cardiac output, low blood pressure, or inadequate circulation. The
terms stagnant hypoxia and circulatory hypoxia are sometimes used interchangeably.

Histotoxic hypoxia: An inability of the tissues to utilize oxygen due to tissue poisoning (e.g., cyanide

poisoning).

Hypoxemia: Low blood oxygen levels, usually assessed by measurement of Pao,, Sao,, and/or arterial blood

oxygen content (Cao,).

Hypoxia: A general term meaning inadequate oxygen levels.
Hypoxic hypoxia: Hypoxia resulting from inadequate oxygenation of the blood by the lungs.
Ischemic hypoxia: Tissue hypoxia characterized by tissue oligemia (inadequate blood supply) caused by arte-

riolar obstruction or vasoconstriction.

Oxygen affinity hypoxia: Hypoxia due to reduced ability of hemoglobin to release oxygen.
Stagnant hypoxia: Inadequate tissue oxygenation due to inadequate local, regional, or systemic perfusion.

Tissue hypoxia: Inadequate tissue oxygenation.

Data from: Pierson DJ. Pathophysiology and clinical effects of chronic hypoxia. Respir Care. 2000;45(1):39-51.

and/or shortness of breath.? Upon physical examina-
tion, the respiratory care clinician will often see an
increased heart and respiratory rate, increased blood
pressure, and signs of respiratory distress.> The patient
may be excited, exhibit impaired judgment, or be list-
less, disoriented, and confused. With severe hypoxia,
tachycardia, hypertension, and tachypnea may progress
to bradycardia; hypotension; slowed, irregular breath-
ing; and loss of consciousness.” Cyanosis, although
often associated with hypoxemia, is not a reliable indi-
cator of the presence or severity of hypoxia for reasons
that will be discussed below. Dyspnea is also a variable
finding. Severe hypoxia may lead to respiratory arrest,
cardiac arrest, and death. Table 6-1 describes the clini-
cal manifestations of hypoxia.

When the clinical manifestations of hypoxia are
present, the respiratory care clinician should assess
the patient’s arterial blood oxygen levels.? The simplest
and easiest test is measurement of oxygen satura-
tion by pulse oximetry (Spo,) of the hemoglobin. Spo,
provides a noninvasive estimate of the arterial oxygen
saturation (Sao,) that is fast, safe, and convenient.
Pulse oximetry, however, may not detect certain types

of hypoxia (e.g., anemic hypoxia, circulatory hypoxia,
ischemic hypoxia, or histotoxic hypoxia) and should
not be relied upon in the presence of carbon monoxide
poisoning or other abnormalities of the hemoglobin
(e.g., methemoglobinemia).

Arterial blood gas studies allow for the direct
measurement of a patient’s arterial oxygen tension
(Pao,), carbon dioxide tension (Paco,), and pH. When
combined with co-oximetry (which also measures
carboxyhemoglobin and methemoglobin), Sao, and
hemoglobin (Hb) levels can be measured, which allows
for the accurate calculation of the arterial oxygen con-
tent (Cao,). Arterial blood gas measurement requires
an arterial blood sample and is more costly and time
consuming than simple pulse oximetry. Assessment of
arterial blood oxygenation is fairly straightforward, and
normal values are listed in Box 6-3. Typically, classifi-
cation of the degree of hypoxemia is based on Pao,. A
Pao, value of 80 to 100 mm Hg (when breathing room
air) is considered normal; mild, moderate, and severe
hypoxemia correspond to Pao, values of 60 to 79, 40 to
59, and < 40 mm Hg, respectively.*® It should be noted
that although many authors classify a Pao, in the range
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190 CHAPTER 6 Assessment of Oxygenation

TABLE 6-1
Signs and Symptoms of Hypoxia

Degree of Hypoxia Respiratory Cardiac/Cardiovascular | Cognitive/Neurologic
Mild hypoxia Shortness of breath Increased heart rate Overconfidence
Increased respiratory rate Mild hypertension Restlessness
Respiratory distress Peripheral vasoconstriction | Anxiety
Excitement
Euphoria
Lightheadedness
Nausea
Dizziness
Fatigue
Moderate hypoxia Increased respiratory Tachycardia Agitation
distress Arrhythmias Impaired judgment
Tachypnea Hypertension Confusion
Increased minute volume/ Decreased night vision
hyperventilation Disorientation
Accessory muscle use Listlessness
Intercostal retractions Headache
Tingling
Loss of coordination
Severe hypoxia Severe dyspnea Hypertension followed by Confusion
Slowed, irregular breathing hypotension Somnolence
Cyanosis Tachycardia followed by Severe headache
Respiratory arrest bradycardia Unconsciousness
Cardiac arrest Vision disturbances (blurred vision, tunnel vision)
Slowed reaction time
Coma
of 40 to 59 mm Hg as moderate hypoxemia, we believe to 49 mm Hg be considered moderately severe (rather
that a Pao, of 40 to 49 mm Hg represents a medical than moderate) hypoxemia and that a Pao, < 40 mm
emergency that requires immediate attention. Conse- Hg be considered very severe hypoxemia (see Box 6-3).

quently, we would suggest that a Pao, in the range of 40 It also should be noted that the expected Pao, declines

BOX 6-3

Assessment of Severity of Hypoxemia

Value ‘ Normal! Range ‘ Mild ‘ Moderate ‘ Moderate to Severe ‘ Very Severe
‘ Pao, (mm Hg)? 80-100 60-79 50-59 40-49 <40 ‘
‘ Sao, (%) 96-98 91-95 85-90 75-84 <75 ‘

'Expected Pao, declines with age. For subjects > 60 years, expected “normal” Pao, can be estimated as follows:
Supine normal Pao, = 109 - (0.43 x age) £ 8 mm Hg
Standing normal Pao, = 104 - (0.27 x age) + 12 mm Hg
?Many authors list the range of Pao, for assessment of hypoxemia as follows:
Mild: Pao, = 60-79 mm Hg
Moderate: Pao, = 40-59 mm Hg
Severe: Pao, < 40 mm Hg
We believe, however, that a Pao, < 50 mm Hg represents a medical emergency that should be treated as moderate to severe hypoxemia.
*Actual Sao, will vary with pH, Pao,, and temperature.
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with age. For example, a normal Pao, for an 80-year-old
supine patient would be 75 mm Hg with a range of 67 to
83 mm Hg (see Box 6-3 for the formula).

The oxygen concentration (F10,, fraction of inspired
O,) provided should be taken into account when con-
sidering the severity of hypoxemia based on arterial
blood oxygen levels. For example, a Pao, of 80 mm Hg
while breathing room air (F10, = 0.21) is considered
within normal range, whereas a Pao, of 80 mm Hg
while breathing 100% O, represents a severe oxygen-
ation disturbance. In the past, the definition of acute
lung injury (ALI) included a Pao,/Fio, < 300 mm Hg
but > 200 mm Hg, whereas the definition of acute respi-
ratory distress syndrome (ARDS) required a Pao,/Fio,
<200 mm Hg. More recently® it has been suggested
that the Pao,/Fio, ratio be used to classify the severity
of ARDS when patients are receiving increased oxygen
concentrations and positive end expiratory pressure
(PEEP 2 5 cm H,0):

m Pao,/F1o, > 300 mm Hg but < 500 mm Hg:
Normal

m Pao,/F1o, < 300 mm Hg but > 200 mm Hg: Mild

m Pao,/F10, < 200 mm Hg but > 100 mm Hg:
Moderate

m Pao,/F10, < 100 mm Hg: Severe

Thus, an ARDS patient with a Pao, of 80 mm Hg while
breathing 100% O, with 5 cm H,O PEEP would be clas-
sified as a severe ARDS (Pao,/F10, = 80/1.0 = 80). This
patient would be severely hypoxemic if breathing room
air. The Pao,/F10, ratio can also be used to predict the
resultant Pao, with changes in Fio0,, as shown in Clini-
cal Focus 6-1.

It should also be noted that although measurement
of arterial blood oxygen levels (Pao, and Sao,) are nec-
essary to evaluate the presence and severity of hypox-
emia, tissue hypoxia can be present due to many other
reasons, including low cardiac output, anemia, other
hemoglobin abnormalities, and poor tissue perfusion,
which are discussed in the following sections of this
chapter.

Respiratory Failure

As noted in Chapter 2, respiration refers simply to gas
exchange. The two types of respiration of concern are
external respiration and internal respiration:

m External respiration is the gas exchange (O, and
CO,) that occurs between the pulmonary capillar-
ies and the alveoli.

m [nternal respiration is the gas exchange (O, and
CO,) that takes place between the systemic tissue
beds and the adjacent systemic capillaries.

Respiratory failure is a general term indicating the
inability of the heart and lungs to deliver adequate lev-
els of oxygen to the tissues and/or remove CO,. Acute
respiratory failure (ARF) may be defined as a sudden

Inspired Oxygen

decrease in arterial blood oxygen levels (with or with-
out elevated Paco,). The term hypoxemic respiratory
failure (i.e., lung failure) is sometimes used when the
primary problem is inadequate oxygenation of the arte-
rial blood as assessed by Pao,, Spo,, and/or Sao,. Respi-
ratory failure that includes hypoventilation (an elevated
Paco,) is sometimes described as pump failure (i.e.,
ventilatory failure; see Chapter 7).

It is important that assessment of a patient’s oxygen-
ation status involve much more than simply measuring
arterial Pao,, Spo,, and/or Sao,.In order to perform a
complete assessment of oxygenation, the respiratory
care clinician must understand and be able to assess
each step the oxygenation process.

The Oxygenation Process

The oxygenation process begins with inspired oxygen
tension and concentration and moves to the conduct-
ing airways, matching of gas and blood in the lung,
diffusion of oxygen across the A—C membrane, and
oxygen loading of the arterial hemoglobin. The oxygen-
laden blood must then be delivered to tissues, and tis-
sue uptake and utilization must be adequate. Tissue
hypoxia may be caused by a number of conditions, and
a complete patient assessment must include an assess-
ment of inspired, alveolar, and arterial blood oxygen
levels; cardiac output; peripheral perfusion; and tissue
oxygen uptake and utilization. In this chapter, we will
review the oxygenation process beginning with the
inspired gas and ending with oxygen uptake and uti-
lization by the tissues. We will also discuss problems
that may occur at each step of the oxygenation process
and outline the recognition and treatment of these
problems.

Inspired Oxygen

Normal inspired gas at sea level has a fractional oxygen
concentration (F10,) of 0.2095 (about 21% O,) at a baro-
metric pressure (P,) of 760 mm Hg. The water vapor
pressure (PH,0) in the inspired gas is about 47 mm Hg
by the time the gas reaches the isothermic saturation
boundary (ISB) in the airways below the carina, result-
ing in an inspired oxygen tension (Pio,) of about

150 mm Hg:

P10, = F10, (P, — PH,0)
=0.21 (760 mm Hg — 47 mm Hg) = 150 mm Hg*

* Also often reported as torr, where 1 mm Hg = 1 torr.

The two major factors that determine P10, are the
inspired oxygen concentration (F10,) and the baromet-
ric pressure (P,). Declines in F1o0, or P, will reduce P10,
and may cause hypoxia. An increase in F10, (e.g., due
to oxygen therapy) or P, (e.g., due to underwater diving

or hyperbaric therapy) will increase the P10, and may
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192 CHAPTER 6 Assessment of Oxygenation

CLINICAL FOCUS 6-1

Severity of Oxygenation Problems: Hypoxemia

A patient with acute respiratory distress syndrome (ARDS) is receiving mechanical ventilatory support. The fol-
lowing data have been collected:
Ventilator mode: Assist/control
Respiratory rate: 12 breaths per minute
Tidal volume: 600 mL (8 mL/kg of ideal body weight)
F10,: 0.60 (60% O,)
PEEP: 5 cm H,0
Blood gases:
P, =760 mm Hg
Fro,: = 0.60
pH = 7.42
Pao, = 60 mm Hg
Paco, = 38 mm Hg
HCO, = 22 mEq/L
Sao, = 90%
1. Based on the patient’s Pao, and Sao,, how would you classify the patient’s level of hypoxemia?
Hypoxemia is defined as low arterial blood oxygen levels, usually assessed by measurement of arterial oxygen
tension (Pao,), arterial oxygen saturation via pulse oximetry (Spo,), or arterial blood oxygen saturation mea-
surement (Sa0,). A Pao, of 60 mm Hg would be classified as mild hypoxemia using a conventional classifica-
tion system while a Pao, < 60 mm Hg would be moderate hypoxemia (see Box 6-3).
2. Based on the patient’s Pao,/F10, ratio, how severe is the patient’s ARDS?
The patient’s Pao,/F10, ratio is 100 mm Hg (Pao,/F10, = 60 mm Hg/0.60 = 100 mm Hg). It has been sug-
gested that the Pao /F10, ratio be used to determine the severity of ARDS when patients are receiving
increased oxygen concentrations and positive end expiratory pressure (PEEP > 5 cm H,O):
Normal: Pao,/F1o, > 300 mm Hg but < 500 mm Hg with PEEP
Mild: Pao,/F10, < 300 mm Hg but > 200 mm Hg
Moderate: Pao,/F10, < 200 mm Hg but > 100 mm Hg
Severe: Pao,/F10, < 100 mm Hg
Using this classification, the patient has a severe ARDS.
3. What would happen to the patient’s Pao, if he were allowed to breathe room air (F10, = 0.21)?
The Pao,/F10, ratio can be used as a rough estimate of the effect of changes in F10, on Pao, where:
Initial Pao,/F10, = Final Pao,/F10,
Entering the patient’s initial and final data, we have: 60/0.60 = Pao,/0.21
Solving for the new or final PaO,, we have: Pao,= (60/0.60) x 0.21 = 21 mm Hg
If this patient was changed from an F10, of 0.60 (60% O,) to room air (F10, = 0.21 or 21% O,), it is likely that
his Pao, would drop from 60 mm Hg to 21 mm Hg, which is very severe hypoxemia.

Data from: ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, et al. Acute respiratory distress syndrome: the Berlin Definition. JAMA.
2012;307(23):2526-2533. doi: 10.1001/jama.2012.5669.

be used to treat hypoxia. Oxygen therapy may increase Problems with oxygenation due to an inadequate
the F10, up to 1.0 (100% O,), depending on the delivery P10, are known as ambient hypoxia. Normally, F10,
method used. At a normal barometric pressure of 760 remains constant with changes in altitude up to an
mm Hg, breathing 100% O, will result in a P10, of 713 altitude of about 60 miles; however, P, declines with
mm Hg. Box 6-4 illustrates the relationship between increasing altitude, resulting in a decrease in P10,. The
F10, and P10, known as the “Rule of Seven,” which decrease in P10, at high altitude may cause a form of
states that for each 0.01 (1%) change in oxygen concen- ambient hypoxia known as altitude hypoxia, as well as
tration the P10, will vary by about 7 mm Hg. generalized cardiovascular and neurologic problems.
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BOX 6-4

Rule of Seven

The Rule of Seven states that for each 1% change
in inspired oxygen percent (or change in F10, of
0.01), the P1o, will change by 7 mm Hg.
Assuming a normal barometric pressure of
760 mm Hg:
Fio, = 0.21 — P10, = Fio, (P, — PH,0) = 0.21
(760 mm Hg — 47 mm Hg) = 150 mm Hg
F10, = 0.50 — P10, = Fi0, (P, - PH,0) = 0.50
(760 mm Hg — 47 mm Hg) = 357 mm Hg
F1o, = 1.0 — P10, = F10, (P, — PH,0) = 1.0 (760
mm Hg — 47 mm Hg) = 713 mm Hg
The Rule of Seven predicts that if you increase
the F1o, from 0.50 to 0.60 (or 10%), the P1o, will
increase approximately 70 mm Hg: 357 mm Hg +
70 mm Hg = 427 mm Hg.

Another form of ambient hypoxia may occur when
inspired oxygen levels are reduced due to a decrease in
F10, at a normal P,. This may occur due to consump-
tion of the oxygen in the inspired air, such as occurs
when people are trapped in a confined space with no
fresh gas source or displacement of ambient oxygen by
an asphyxiant gas. Generally, we will refer to oxygen
problems due to a reduced P10, as ambient hypoxia.
Ambient hypoxia due to decreased P, and decreased
Fro,, as well as causes and related problems, are dis-
cussed below.

Altitude Hypoxia

Altitude hypoxia occurs when the barometric pressure
(P,) is reduced at high altitude, resulting in low inspired
oxygen (P10,) levels. Altitude hypoxia is a special case
of ambient hypoxia due to a low P,. It is interesting to
note that the inspired oxygen concentration (F10, or
percentage) remains constant at about 0.21 (21%) until
an altitude of 60 miles is reached. To put that in per-
spective, the elevation at the top of Mount Everest is
29,029 feet (about 5.5 miles), and a passenger airplane
flying at 38,000 feet is at an altitude of about 7.2 miles.
The F-22 Raptor Advanced Tactical Fighter aircraft
can reach an altitude of over 50,000 feet, or about 11.36
miles. An altitude of 60 miles corresponds to about
316,800 feet above sea level. The orbital altitude of the
International Space Station ranges from about 205 to
255 miles.

Although F10, remains constant to a very high alti-
tude, P, and P10, decline significantly at much lower
altitudes (Table 6-2). For example, P, and P10, decline

Inspired Oxygen

when one moves from Miami Beach, Florida (altitude
=0 feet; P, = 760 mm Hg; P10, = 150 mm Hg) to Den-
ver (altitude = 5880 feet; P, = 620 mm Hg; P10, = 122
mm Hg) or Vail, Colorado (altitude = 8500 feet; P, =
565 mm Hg; P10, = 111 mm Hg). Acute altitude sick-
ness is common in people who abruptly travel to above
about 8200 feet.” Abrupt ascent to very high altitudes (>
11,400 feet) can be dangerous, and a gradual ascent to
allow for acclimatization is recommended. Mountain
climbers may suffer from altitude hypoxia and altitude
sickness (mountain sickness), and those attempting to
ascend very high mountains, such as Mount Everest,
generally must use supplemental oxygen in order to
survive the climb. Normal Pao, and Sao, at sea level
are 80 to 100 mm Hg and 95% to 98%, respectively.
Arterial hypoxemia is typically of concern when Pao,
<60 mm Hg (or Sao, < 90%), for reasons that will be
discussed below. Arterial oxygen levels are somewhat
diminished at altitudes of 5000 feet (resulting in a Pao,
of 55 to 75 mm Hg), moderately diminished over 11,500
feet (resulting in a Pao, of 40 to 60 mm Hg), and greatly
diminished at extreme altitudes of 18,000 to 29,000 feet
(resulting in a Pao, of 28 to 40 mm Hg).”

Commercial aircraft often fly at altitudes of up to
40,000 feet (P, = 140 mm Hg; P10, = 4 mm Hg). In
order to avoid profound hypoxia during flight, the
Federal Aviation Administration (FAA) requires that
airliner cabins be pressurized to simulate a cabin alti-
tude of less than 8000 feet, and cabin pressures are
typically maintained at the equivalent of an altitude
of between 5000 to 8000 feet.® At these cabin pres-
sures, P10, will be about 108 to 122 mm Hg, which may
result in hypoxemia in individuals with compromised
lung function.® Because of this, patients with compro-
mised cardiopulmonary function should be screened
for the risk of developing in-flight hypoxemia. Patients
with a resting Spo, < 92% on room air should be con-
sidered candidates for supplemental in-flight oxygen
therapy.® Patients with a resting Spo, of 92% to 95%
and certain risk factors, such as prior dyspnea, chest
pain, hypercapnea, reduced pulmonary function (e.g.,
FEV, < 50% predicted or decreased diffusing capacity),
obstructive or restrictive lung disease, cardiac disease,
cerebrovascular disease, or pulmonary hypertension
should receive further evaluation regarding the need
for supplemental oxygen in-flight.® Generally, supple-
mental in-flight oxygen is recommended for patients
whose in-flight Pao, is expected to be < 50 to 55 mm
Hg.® A number of methods are available for predicting
in-flight hypoxemia in patients, including regression
equations, the hypoxia altitude simulation test (HAST),
and use of a hypobaric chamber (though availability
of hypobaric chambers is limited). In the event that
hypoxia altitude testing is not available, an oxygen flow
of 2 L/min has been recommended for most patients at
risk for in-flight hypoxemia.® Patients receiving long-
term oxygen therapy will generally need to have their

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



194 CHAPTER 6 Assessment of Oxygenation

TABLE 6-2

Effect of Altitude on Barometric Pressure and Inspired Oxygen Levels

Saturated
Pu,0 Pio} Pao? Spo?

Location Altitude (ft.) P, (mm Hg) (mm Hg) (mm Hg) (mm Hg) (% sat Hb)
Sea level 0 0.21 760 47 150 80-100 95-99
New Orleans, LA 4 0.21 759 47 150 80-100 95-99
Miami, FL 11 0.21 759 47 150 80-100 95-99
Chicago, IL 619 0.21 744 47 146 80-100 95-99
Atlanta, GA 1,026 0.21 733 47 144 80-100 95-99
Denver, CO 5,880 0.21 620 47 120 55-75 90-95
Mexico City, Mexico 7,350 0.21 590 47 114 55-75 90-95
Vail, CO 8,500 0.21 565 47 109 55-75 90-95
Mount Rainier 14,400 0.21 450 47 85 40-60 75-85
Mount Kilimanjaro 19,300 0.21 375 47 69 28-40 58-75
Mount McKinley 20,320 0.21 360 47 66 28-40 58-75
Mount Everest 29,029 0.21 250 47 43 28-40 58-75
Passenger airliner 35,000 0.21 195 47 31 18-0 <30

following cabin

pressure loss

'Pi0, = Fio,(P, — PH,0); assumes PH,0 of inspired gas at approximately100% saturation; Pr,0 remains relatively constant with increasing altitude.
2Assumes normal lung function breathing room air to include compensatory hyperventilation with altitude and hypoxemia.

liter flow increased by 1 to 2 L/min during flight.® In
addition, the reduced cabin pressures associated with
aircraft ascent may cause expansion of trapped gases
in the body. In the case of lung bullae (which are some-
times present in patients with emphysema), this expan-
sion as the aircraft ascends to altitude has the potential
to cause a pneumothorax.®

Stages of Altitude Hypoxia

Symptoms of altitude hypoxia include the general
symptoms of hypoxia seen with other conditions (see
Table 6-1), as well as specific findings seen with acute
mountain sickness. The general findings of hypoxia
may include dyspnea and changes in heart rate, respira-
tory rate and pattern, and blood pressure. Neurologic
findings may include euphoria, behavioral changes,
decreased ability to concentrate, poor judgment, confu-
sion, or loss of consciousness. The effects of altitude
hypoxia can be categorized into four stages correspond-
ing to altitude:

m Indifferent stage (5000 to 10,000 feet): Increased
heart rate, respiratory rate, and tidal volume.
Decreased night vision and impairment in

performing novel tasks (such as responding to an
emergency) may occur.

m Compensatory stage (10,000 to 15,000 feet):
Marked increase in heart rate, respiratory rate,
and tidal volume. Drowsiness, slowed mental pro-
cesses, and increased reaction time may occur.

m Disturbance stage (15,000 to 20,000 feet): Overt
signs of hypoxia appear. Serious impairment in
ability to perform tasks.

m Critical stage (> 20,000 feet): Severe compromise
of neurologic and cardiovascular function result-
ing in loss of consciousness and/or death.

Severe hypoxia at high altitude can cause life-
threatening physiologic derangements as well as inap-
propriate or dangerous behavior. Severe hypoxia causes
intellectual impairment, poor judgment, delayed reac-
tion time, and inability to perform simple tasks, which
may lead to life-threatening responses in an emergency
situation. Inappropriate actions taken by aircraft pilots
following loss of cockpit cabin pressure and poor
or dangerous decisions made by mountain climbers
ascending to very high altitude, such as Mount Everest,
provide examples. In the event of aircraft cabin pres-
sure loss at an altitude of 30,000 feet, an individual only
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has 1 to 2 minutes (or less) of “effective performance
time” in which to take appropriate emergency actions,
including putting on an emergency oxygen mask.’ The
oxygen levels needed to compensate for a reduced baro-
metric pressure vary with altitude. For example, an Fi0,
of 0.45 (45% O,) should be sufficient to correct hypox-
emia at an altitude of 20,000 feet, whereas an Fio, of 1.0
(100% O,) would be required to correct hypoxemia at
an altitude of 34,000 feet.>™°

Acute Mountain Sickness
(High-Altitude lliness)

Acute mountain sickness (often called high-altitude ill-
ness) is an illness that may affect hikers, skiers, moun-
tain climbers, or travelers to high-altitude locations,

BOX6:5
Symptoms of Altitude Sickness

Mountain Sickness

Inspired Oxygen

generally over 6500 feet.” Symptoms of mild mountain
sickness are similar to a hangover from excessive alco-
hol consumption. Symptoms may include headache,
loss of appetite, nausea, vomiting, trouble sleeping,
and feeling tired or out of sorts.” Symptoms may occur
within the first day following ascent to high altitude
and should subside in a day or two; further ascent to
higher altitude should be avoided until symptoms
recede.” Up to one-fourth of lowlanders who travel to
altitude experience acute mountain sickness.” Most
recover in a few days at altitude. Treatment of severe
acute mountain sickness may include moving the
patient to a lower altitude as soon as possible, oxygen
therapy as needed, and medications for prevention or
treatment of symptoms. The findings and treatment of
acute mountain sickness are summarized in Box 6-5.

Occurs in about 25% of lowlanders who travel and stay at altitudes at or above about 6500 feet.
Hangover-like symptoms (e.g., headache, loss of appetite, nausea, vomiting, sleep disturbance, fatigue, exer-

tional dyspnea).

May occur as early 1 to 2 hours on the first day at high altitude; typically occurs within the first 24 hours.

Generally subsides in a day or two.

Treatment:

o Rest.

o Limit physical activity.

o Avoid alcohol and respiratory depressants.

o Avoid further ascent until symptoms subside.

o Treat headache (aspirin, acetaminophen) and nausea (antiemetics such as ondansetron).
o Acetazolamide (Diamox) may be effective to treat or prevent mild acute mountain sickness.
o Dexamethasone (a corticosteroid) may be used to treat moderate to severe acute mountain sickness.

« Supply oxygen therapy, as needed.

o For severe acute mountain sickness, hyperbaric therapy using lightweight chambers or hyperbaric bags
may be available as equipment on expeditions or in remote mountain clinics.
Prevention may include a gradual ascent over more than one day, avoidance of alcoholic beverages, avoidance
of sedative and hypnotic drugs, and return to a lower altitude to sleep.

High-Altitude Cerebral Edema (HACE)

Symptoms may include anxiety, irritability, confusion, weakness, extreme tiredness, and drunken behavior.
May occur as early as the first day after ascent, but generally occurs sometime within the first 2 to 3 days.

Treatment:

o Transport to a lower altitude as soon as possible.

« Supply oxygen therapy, as needed.
« Provide hyperbaric therapy (see above).

High-Altitude Pulmonary Edema (HAPE)

Symptoms may include cough, shortness of breath, or frothy sputum.
Nifedipine (a calcium blocker used in the treatment of high blood pressure) may help prevent high-altitude

pulmonary edema.

(continues)
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Treatment:

o Administration of dexamethasone.
o Supply oxygen therapy, as needed.

o Provide hyperbaric therapy (above).

o Salmeterol/fluticasone (Advair) may have benefit in prevention of HAPE.

Data from: Gallagher, SA, Hackett, P. Acute mountain sickness and high altitude cerebral edema. In: UpToDate, Danzl DF (ed.). UpToDate,

Waltham, MA, 2012.

In severe cases, acute mountain sickness may lead
to high-altitude cerebral edema (HACE) and/or high
altitude pulmonary edema (HAPE). HACE and HAPE
represent medical emergencies, and treatment should
include moving the patient to a lower altitude as soon
as possible (see Box 6-5).

Other Forms of Ambient Hypoxia

Ambient hypoxia may also be caused by decreased
inspired oxygen concentrations (F10,) as may occur
when a victim is enclosed in a confined space, such as

a mine, submarine, or airtight enclosure without fresh
gas replacement. This is a special threat to children,
who are predisposed to using small, confined spaces,
such as abandoned refrigerators or airtight storage
chests, for play. Ambient hypoxia may also be a cause
of death in mining accidents where individuals are
trapped below the earth in confined spaces without
adequate ventilation of fresh air. Victims of mining
accidents may also be exposed to asphyxiant gases,
such as methane, that may displace ambient oxygen and
markedly decrease F10,. Other asphyxiant gases include
nitrogen, helium, neon, argon, carbon dioxide, and pro-
pane. In high concentrations, these gases may displace
oxygen and cause ambient hypoxia. Fatal industrial
accidents, in which victims are exposed to high con-
centrations of asphyxiant gases, are not uncommon.
There has also been at least one event in which a volca-
nic eruption resulted in the large-scale release of car-
bon dioxide, causing approximately 1800 deaths. This
occurred in 1986, near Lake Nyos in Central Africa.
Treatment of ambient hypoxia includes moving victims
to a location with adequate ventilation and provid-

ing oxygen therapy, if indicated. In industrial settings,
workers should use a self-contained breathing appara-
tus or airline respirator in areas where ambient oxygen
concentrations may be deficient.!

Ventilation and the Conducting
Airways
The next step in the oxygenation process is the deliv-

ery of oxygen-rich inspired gas to the alveoli for gas
exchange. In order for this to occur properly, the

conducting airways should be unobstructed and offer
low resistance to gas flow. In addition, the ventilatory
muscles and the neurologic drive to breathe must result
in adequate alveolar ventilation. Last, the ventilated
alveoli must have adequate pulmonary capillary perfu-
sion for matching of gas and blood. We will discuss
each of these essential steps in the oxygenation process
below.

Conducting Airways

The conducting system of the respiratory tract extends
from the external nares down to (and including) the
terminal bronchioles. In order to achieve adequate
oxygenation, these airways should be unobstructed
and offer low resistance to gas flow. Problems with the
oxygenation and ventilation can occur due to upper or
lower airway obstruction, increased secretions, airway
mucosal edema, and bronchospasm. Box 6-6 summa-
rizes problems related to the conducting airways that
may interfere with the oxygenation process.

The upper airways are considered to be those that lie
above the carina. Upper airway obstruction (UAO) may
be caused by infection, trauma, edema, tumor, or aspi-
ration of foreign bodies.!> Trauma may result in airway
swelling, as seen with inhalation of hot, noxious gases
or flames. Laryngeal edema can be caused by infec-
tion, trauma, inhalation of noxious gases, and artificial
airways (e.g., endotracheal tubes). Angioedema is swell-
ing under the skin, mucosa, or submucosal tissue and
may be caused by an allergic reaction. In severe cases,
angioedema may result in laryngeal edema, which may
compromise the patient’s airway. Treatment of angio-
edema includes the administration of antihistamines,
H, receptor blocking agents, corticosteroids, and epi-
nephrine (in severe cases) and protection of the airway.
Common causes of UAO in children include infection
(e.g., epiglottitis, bacterial tracheitis, viral laryngotra-
cheitis, retropharyngeal abscess), foreign body aspira-
tion, trauma (e.g., neck trauma, burns), or anaphylaxis.'

UAO may be fixed or variable and intrathoracic
or extrathoracic. Inspection of a flow-volume loop
obtained during pulmonary function testing can help
determine which type of UAO is present. Fixed obstruc-
tions may be intrathoracic or extrathoracic. An example
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BOX 6-6

Problems Associated with the Conducting
Airways
In order for oxygenation to be effective, the con-
ducting airways should be unobstructed and offer
low resistance to airflow. Common problems that
may occur include:

« Airway obstruction

o Infection (viral or bacterial)

o Upper airway edema

« Laryngeal abnormalities (croup, epiglotti-
tis, postextubation laryngeal edema, vocal
cord dysfunction, tumor)

o Tracheal stenosis or tumor

« Foreign body inhalation

o Trauma (burns, inhalation of noxious
gases)

o Obstructive sleep apnea (OSA)

o Lower airway inflammation and edema
(asthma, infection, inhalation of irritants
such as smoke)

o Secretions

o Bronchospasm

 Loss of elastic tissue and loss of airway
patency (emphysema)

+ Increased airway resistance (R )

o Bronchospasm

o Mucosal edema

 Increased secretions

of a fixed UAO is tracheal stenosis (narrowing of the
trachea), which may be caused by scar tissue formation
following prolonged intubation. A firm tracheal tumor
or goiter (an enlarged thyroid gland) compressing the
trachea may also cause fixed UAO. Variable extratho-
racic obstruction may be caused by vocal cord paralysis,
vocal cord tumors, laryngomalacia, or tracheomalacia
of the extrathoracic portion of the trachea. Variable
intrathoracic obstruction may be caused by tracheal
lesions of the intrathoracic portion of the trachea. This
occurs because airways become larger during inspira-
tion and smaller with expiration. A mass within the
trachea moves closer to the opposite wall during expi-
ration and thus the amount of obstruction increases.

Possible causes of variable intrathoracic UAO
include tumor or bronchogenic cyst just above the
carina and tracheomalacia (tracheal cartilage collapse)
of the intrathoracic portion of the trachea. Box 6-7
provides a summary of conditions associated with fixed
and variable UAO.

Ventilation and the Conducting Airways

BOX 6-7

Fixed Versus Variable Upper Airway
Obstruction

Fixed Upper Airway Obstruction

Fixed upper airway obstruction (UAO) is charac-
terized by decreased inspiratory and expiratory
flow on the flow-volume loop. Fixed UAO may be
extrathoracic or intrathoracic and includes:

o DPostintubation or posttracheostomy tracheal
stenosis (narrowing of the trachea due to
scar tissue formation)

« Goiter (an enlarged thyroid gland) com-
pressing the trachea

o Firm tracheal tumors or lesions

Variable Upper Airway Obstruction

Variable UAO may be extrathoracic or intrathoracic:
o Extrathoracic: Characterized by decreased
inspiratory flow on the flow-volume loop.
o Laryngeal abnormalities
o Vocal cord paralysis
o Paradoxical vocal cord motion
o Glottic strictures
o Subglottic stenosis (narrowing of the
airway below the true vocal cords, but
above the cricoid cartilage)

o Laryngeal tumor

o Laryngomalacia (supraglottic laryngeal
cartilage collapses on inspiration)

o Extrathoracic tracheomalacia (weakness
or flaccidity of tracheal cartilage with par-
tial tracheal collapse on inspiration)

o Intrathoracic: Characterized by decreased
expiratory flow on the flow-volume loop.

o Tracheomalacia of the intrathoracic air-
way (weakness or flaccidity of tracheal
cartilage that leads to partial tracheal col-
lapse on forced expiration)

« Bronchogenic cysts

o Tumor near the carina

o Tracheal lesions (often malignant)

Data from: Braman SS, Gaissert HA. Upper airway obstruc-
tion. In: Fishman AP, Elias JA, Fishman JA, et al. (eds.). Fish-
man’s Pulmonary Diseases and Disorders, 3rd ed. New York:
McGraw-Hill; 1998: 783-801.

Adults may also experience upper airway obstruc-
tion due to obstructive sleep apnea (OSA). OSA is
caused by soft tissue obstruction during sleep and
is characterized by repeated episodes of apnea or
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198 CHAPTER 6 Assessment of Oxygenation

hypopnea and hypoxemia throughout the night. These
recurring episodes of hypoxemia may cause cardiac
arrhythmias, including bradycardia.'* OSA victims
often complain of daytime sleepiness and have an
increased incidence of motor vehicle accidents, pre-
sumably due to somnolence while driving.!* Generally,
five or more episodes of apnea/hypopnea per hour in
symptomatic patients (or = 15 per hour without com-
plaints) are diagnostic for sleep apnea in patients with
sleep disturbances.

OSA affects up to 6% of middle-aged and older
people and is associated with the development of sys-
temic hypertension and increased incidence of stroke,
diabetes, and coronary artery disease." OSA is best
evaluated in the sleep laboratory, whereas other forms
of upper airway obstruction should be assessed in the
pulmonary function laboratory via measurement of
forced expiratory/inspiratory flow-volume loops. Treat-
ment of OSA may include weight loss in the presence
of obesity, avoidance of sedative drugs and alcohol, and
use of continuous positive airway pressure (CPAP) via
a well-fitted mask during sleep."* CPAP is effective for
most patients; however, compliance is often an issue. In
severe cases of OAS, tracheostomy may be considered.

In children, the most common cause of upper air-
way obstruction is croup (laryngotracheobronchitis).®
Other common causes of upper airway obstruction in
children include foreign body aspiration; decreased
upper airway muscle tone, as seen with depressed levels
of consciousness or neuromuscular disease; and upper
airway infection (e.g., epiglottitis, bacterial tracheitis, or
pharyngeal or peritonsillar abscess).®

Lower airway obstruction can be caused by respi-
ratory tract infections resulting in inflammation,
bronchospasm, and increased secretions. Other causes
of lower airway obstruction include chronic obstruc-
tive pulmonary disease (COPD), chronic bronchitis,
emphysema, asthma, cystic fibrosis, and bronchiectasis.
Chronic progressive dyspnea, airway inflammation,
and lung structural changes, often due to long-term
inhalation of an irritant, such as cigarette smoke, are
the hallmarks of COPD.** Obstruction in COPD may
be irreversible or only partially reversible with admin-
istration of a bronchodilator. Asthma, in contrast, is an
inflammatory lung disease characterized by intermit-
tent cough, dyspnea, and bronchospasm due to bron-
chial smooth muscle hyperreactivity that is reversible
following bronchodilator administration, although
some cases of chronic asthma are only partially
reversible.”” Other obstructive lung diseases include
immotile cilia syndrome and small airways disease
(obstructive bronchiolitis). Recurrent infections due to
hypogammaglobulinemia may lead to bronchiectasis.'s
Common clinical findings with obstructive lung dis-
ease include hypoxemia, an increased work of breath-
ing, dyspnea, decreased expiratory flow rates on forced
expiration, and increased lung volumes, which may be

seen as a flattened diaphragm on imaging. Table 6-3
lists the major features of the more common obstruc-
tive lung diseases.

Alveolar Ventilation

The next step in the oxygenation process is movement
of the oxygen-rich inspired gas into the alveoli. This
requires adequate alveolar ventilation (V,). Clinically,

a patient’s level of ventilation is best assessed by mea-
surement of the partial pressure of carbon dioxide in
the arterial blood (Paco,; see also Chapter 7). Normally,
alveolar CO, tension (Paco,) is equal to arterial Paco,,

TABLE 6-3
Characteristics of the Obstructive Lung Diseases

Pulmonary Function

Clinical Test, Imaging, and
Disease Manifestations Laboratory Findings
Asthma Episodes of Airway hyperreactivity
dyspnea, Response to
cough, bronchodilator
wheezing
COPD Progressive Decreased FEV, |
dyspnea FEV, ,/FVC < 70%
postbronchdilator
Decreased Pao,, Sao,,
Spo,
Increased Paco, with
end stage disease
Emphysema Dyspnea, little Hyperinflation
sputum Decreased DLco
o, -antitrypsin
deficiency with o,
disease
Chronic Chronic cough, May have normal DLco
bronchitis sputum if emphysema is not
production present
Bronchiectasis Large volume of Dilated, thick-walled
sputum bronchi on imaging
Decreased FEV, ,
Decreased FEV, ,/FVC
Cystic fibrosis Sinusitis, Increased sweat
bronchiectasis, chloride
meconium ileus, | CFTR chloride channel
malabsorption mutation
Elevated fecal fat

COPD, chronic obstructive pulmonary disease; FEV, , forced expiratory
volume in 1.0 second; FEV, ,/FVC, ratio of the forced expiratory volume in
1.0 second to the forced vital capacity; Sao,, arterial oxygen saturation; Spo,,
pulse oximetry oxygen saturation; Paco,, partial pressure of arterial carbon
dioxide; Dico, diffusing capacity for carbon monoxide; CFTR, cystic fibrosis
transmembrane conductance regulator.

This article was published in Andreoli and Carpenter’s Cecil Essentials
of Medicine, 8th ed. Andreoli TE, Benjamin 1J, Griggs RC, Wing EJ, eds.,
Obstructive lung disease by Jankowich MD. Pages 213-224, Copyright
Saunders 2010.
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and the relationship between alveolar ventilation and
Paco, is defined by the following equation:

V, =(0.863x VCO, )+ Paco,

where

Va = Alveolar ventilation in L/min

Vc02 = Carbon dioxide production in mL/min

Paco, = Partial pressure of arterial carbon dioxide
in mm Hg

0.863 = Conversion factor

Thus, normal ventilation can be defined as a Paco,
of 35 to 45 mm Hg. Hypoventilation corresponds to
a Paco, > 45 mm Hg, whereas hyperventilation cor-
responds to a Paco, < 35 mm Hg. For a complete
discussion of assessment of ventilation, please refer to
Chapter 7.

Alveolar oxygen levels are described by the alveolar
air equation:

1-FIo
PAO, = P10, —PACO, [Flo2 + 2 }

where

Pao, = Calculated alveolar oxygen tension (mm
Hg or torr)

P10, = Inspired oxygen tension;
P10, = F10, (P, — PH,0)

PAco, = Alveolar carbon dioxide tension (mm Hg

or torr)
F1o, = Fractional inspired oxygen
R = Respiratory quotient where R is Vco,/Vo,

Normal O, consumption (\702) is about 250 mL/min,
and normal CO, production (Vco,) is about 200 mL/
min. This would result in a normal R value of about
0.80:

R =Vco, / Vo, =200/250 = 0.80

For clinical use, it is acceptable to use a simplified
version of the alveolar air equation, which assumes
that alveolar and arterial Pco, are equal (i.e., PAco, =
Paco,), which is true under most conditions:

Paco
PAO, =PIO, — :

Assuming a steady-state R value of 0.80, the simplified
alveolar air equation becomes:

Paco
2 5= P10, ~Pac0, x1.25

PAo, =PIO, —

Note that R may vary with exercise, dietary changes,
and increased metabolic rate, such as may occur with
fever or sepsis. This should be taken into account when
using the alveolar air equation. It should also be noted

Ventilation and the Conducting Airways

that the respiratory quotient (RQ) and the respiratory
exchange ratio (RER) of CO, and O, across the lung are
normally equal (i.e., R = RQ = RER); this may not be the
case in non-steady-state situations, such as may occur
during exercise. Finally, some authors have suggested
that correction for R is not needed for the calculation of
Pao, if the Fi0, > 0.60:"°

PAo2 = Plo2 - Paco2

Box 6-8 provides examples of the PAo, calculation
while breathing different oxygen concentrations. A
normal PAo, while breathing room air at sea level is
approximately 104 mm Hg, with a range of 100 to
110 mm Hg; PAO, increases to approximately 663 mm
Hg while breathing 100% oxygen at sea level.

Effect of Hyperventilation on Oxygenation

As can be seen by inspection of the alveolar air equa-
tion, an increase or decrease in Paco, may have an
important effect on PAo,, and, in turn, arterial oxy-
gen levels. For example, with hyperventilation and a

BOX 6-8

Alveolar Oxygen Tension (Pao,) Calculation

Estimation of normal alveolar oxygen tension
when breathing room air (with a normal PaCO,) is
as follows:
+ Room air calculation of PAo,;:
+ Given a room air of F10, = 0.21, P, = 760,
PH,0 = 47, and a normal Paco, of 40 mm
Hg or torr*, estimate PAo,:
Pao, = P10, — Paco, x 1.25
= F10, (P, — PH,0) - Paco, x 1.25
Pao, = 0.21(760 — 47) — 40 x 1.25
Pao, = 149.73 — 50 = 99.73 = 100 mm Hg
+ Calculation of PAo, with increased F10,:
 Given a normal subject breathing 50%
oxygen, estimate PAO,;:
Pao, = P10, — Paco, x 1.25
= F10,(P, — PH,0) — Paco, x 1.25
Pao,= 0.50(760 — 47) — 40 x 1.25
Pao, = 756.5 — 50 = 306.5 mm Hg
 Given a normal subject breathing 100%
oxygen, estimate PAO,;:
Pao, = P10, — Paco, x 1.25
=Fio0, (P~ PH,0) — Paco, x 1.25
Pao, = 1.0 (760 — 47) — 40 x 1.25
Pao, =713 — 50 = 663 mm Hg

*Torr and mm Hg may be used interchangeably, where
1 torr = 1 mm Hg.
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corresponding Paco, of 18 mm Hg while breathing
room air, the resultant PAo, would be:
Paco,

0.80
PAo, = Fi0, (P, —PH,0) - (Paco, x1.25)
PAO, =0.21(760 — 47) — (18 x1.25)
PAO, =150-22.5=128 mm Hg

PAo, =PIO, —

Assuming a normal room air A-a gradient of 10 mm
Hg (see below for discussion of the A-a gradient), then
the resultant Pao, would be 118 mm Hg:

PAO, =128 mm Hg
Pao, =PAO, — A-a gradient

Thus hyperventilation can have a small but sometimes
significant benefit in terms of raising Pao, and, in turn,
arterial oxygen levels. Two of the most common early
responses to hypoxia are an increased heart rate (tachy-
cardia) and increased respiratory rate (tachypnea).

An increase in heart rate increases oxygen delivery to
the tissues by increasing cardiac output. An increase

in respiratory rate increases alveolar ventilation and
reduces Paco, and Paco,, and thus increases Pao,,

as illustrated by the alveolar air equation. Clinical
Focus 6-2 provides an example of a commonly encoun-
tered clinical condition: hyperventilation secondary

to hypoxemia. In short, hyperventilation is a normal
physiologic response to hypoxia. Clinical Focus 6-3
provides a second example of the effect of hyperventila-

Pao, =128-10=118 mm Hg tion on Pao,.

CLINICAL FOCUS 6-2

Hyperventilation Secondary to Hypoxemia

A 32-year-old male patient comes to the emergency department complaining of shortness of breath, cough, fever,
and chills. The patient’s vitals are as follows: temperature 38.9° C (102° F), respiratory rate 26 breaths/min, heart
rate 112 beats/min, and blood pressure 126/86 mm Hg. A chest x-ray and arterial blood gases are ordered. Blood
gases while breathing room air are as follows:
P, =760 mm Hg
Fio, = 0.21
pH =7.50
Pao, = 55 mm Hg
Paco, = 28 mm Hg
HCO, = 22 mEq/L
Sao, = 88%
1. What is your assessment of each of the patient’s arterial blood gas values?
pH =7.50 Overall alkalosis
Pao, = 55 mm Hg Moderate hypoxemia
Paco, = 28 mm Hg Hyperventilation (respiratory alkalosis)
HCO, = 22 mEq/L Within normal range of 22 to 28 mEq/L
Sao, = 88% Hypoxemia
2. What is your overall assessment of the patient’s arterial blood gases?
This blood gas would be correctly interpreted as an uncompensated respiratory alkalosis with moderate
hypoxemia. However, a more useful description of the patient’s condition would be acute alveolar hyperventi-
lation secondary to hypoxemia.
3. What would the patient’s Pao, be if he was not hyperventilating?
a. The patient’s calculated PAo, while breathing room air while hyperventilating is:

Pao, = P10, — Paco, x 1.25 = 0.21(760 — 47) — 28 x 1.25 = 115 mm Hg
b. The patient’s calculated A-a gradient is:
P(A —a)o, = Pa0, — Pao, = 115 — 55 = 60 mm Hg
c. The patient’s calculated PAo, while breathing room air with a normal Paco, would be:

Pao, = P10, - Paco, x 1.25 = 0.21(760 — 47) — 40 x 1.25 = 100 mm Hg
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d. Assuminga P(A —a)o, of 60 mm Hg (from b, above), the Pao, could be estimated as follows:

Pao, = PAo, — P(a —a)o
Pao, = 100 — 60 mm Hg
Pao, = 40 mm Hg

2

This calculation demonstrates the effect of hyperventilation in improving oxygenation. In the example, if
the patient were breathing normally (Paco, = 40 mm Hg), the resultant Pao, would be 40 mm Hg. If the

patient were able to hyperventilate to reduce the Paco, to 28 mm Hg, the Pao, would increase to 55 mm
Hg. In other words, the patient is able to improve his Pao, from a low of about 40 mm Hg with normal
ventilation (Paco, = 40 mm Hg) to 55 mm Hg with hyperventilation (Paco, = 28 mm Hg).

Effect of Hypoventilation on Oxygenation Paco
_ , ) PAO, =PIO, — 2
Whereas hyperventilation can result in small increases 0.80
in alveolar and arterial oxygen levels, hypoventilation PAO, = FI0, (P, — PH,0) — (Paco, x1.25)
can have a profound effect on oxygenation. For exam- PAO, = 0.21(760 —47) - (80 x1.25)
2 L™ . .

ple, if a subject with otherwise normal lung function
experienced an increase in Paco, from 40 to 80 mm
Hg while breathing room air, the Pao, would decline to
about 50 mm Hg:

PAO, =150-100 =50 mm Hg

CLINICAL FOCUS 6-3

Effect of Hyperventilation on Oxygen Levels

The following data have been collected from the patient:
P, =760 mm Hg
Pao, = 125 mm Hg
Paco, = 12 mm Hg
1. What would the patient’s alveolar PA0, be if she were breathing room air (F10, = 0.21) at a normal barometric
pressure?
Based on the following calculation, if the patient is breathing room air the PAo, is 135 mm Hg:

Fio,=0.21

P, =760 mm Hg

Pao, = (P, — PH,0)F10, — PACO, x 1.25
Pao, = (760 — 47)0.21 — 12 x 1.25
PAo, = 150 - 15 = 135 mm Hg

2. The patient’s arterial Pao, is 125 mm Hg. Do you think the patient is receiving supplemental O,?
Although inexperienced clinicians often assume that a patient with a Pao, above the normal range of 80 to
100 mm Hg must be receiving oxygen therapy, this may not be the case in the presence of marked hyper-
ventilation. This patient has a very low Paco, due to significant hyperventilation (Paco, = 12 mm Hg). This
might occur for a number of reasons, including in response to a severe metabolic acidosis. In fact, the blood
gas data provided are from a 17-year-old-patient with a severe diabetic ketoacidosis (pH = 7.18). The patient
has normal lung function and is able to hyperventilate in order to partly compensate for the severe metabolic
acidosis. As noted in the first calculation, if the patient were breathing room air, the calculated Pao, would be
about 135 mm Hg. A Pao, of 135 mm Hg could result in a Pao, of 125 mm Hg (assuming a normal P(a - a)o,
of 10 mm Hg and normal lung function). However, in this example, we cannot be sure whether the patient is
breathing room air or not.
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Assuming a normal room air A-a gradient of 10 mm

Hg (see below for discussion of the A-a gradient), the RC Insights

patient’s resultant Pao, would be only 40 mm Hg.
Thus, hypoventilation alone may cause severe hypox-

Rule of 4 and 5
To estimate the effect of an increase in Paco, on Pao, in a

emia, even with otherwise normal lungs. The “Rule of patient breathing room air, use the Rule of 4 and 5. According

4 and 5” suggests that in patients breathing room air, to the Rule of 4 and 5, for each increase in Paco, of 4 mm Hg,

with each increase in PaCO, of 4 mm Hg the PaO, will the Pao, will decrease about 5 mm Hg (when breathing room

decrease by 5 mm Hg. Possible causes of acute, severe 2l . . ) Rl

h lation inclad dati ) For example, in a patient breathing room air with a Pao,
ypoventilation include trauma, sedative or narcotic of 60 mm Hg, what would happen to the Pao, if the Paco,

drug overdose, central nervous system (CNS) or neuro- increased to 48 mm Hg?

muscular disease, and acute cardiopulmonary disease « If the arterial Paco, increases from 40 to 48 mm Hg:

(see Chapter 7). Assuming normal lung function, if o Thisis an increase of +8 mm Hg = 2 x 4 mm Hg

the patient just described had his or her ventilation y E’g_)ed the Pao, to decrease to 2 x 5 mm Hg = 10 mm

restored to normal (Paco, = 40 mm Hg), the patient’s ] .Paoz =60 - 10 = 50 mm Hg

PAo, and Pao, should also return to normal. Box 6-9 o The Pao, will decrease from 60 to 50 mm Hg.

provides additional examples of the effects of ventila-
tion on Pao, and Pao,. Clinical Focus 6-4 provides

BOX 6-9

Effects of Ventilation on Alveolar and Arterial Oxygen Levels

Hypoventilation Reduces Alveolar Oxygen Levels (as Paco, rises, Pao, falls)
Example: Hypoventilation while breathing room air
Fio,=0.21
Paco, =70 mm Hg
Pao, = (P, — PH,0)F10, — PACO, x 1.25
Pao, = [(713)0.21] - 70 x 1.25 = 150 — 87.5
Pao, = 62.5 mm Hg
If P(A — a)o, was 10 mm Hg (a normal value), then Pao, would be 52.5 mm Hg;
Pao, = PAO, — A-a gradient
Pao, = PAo, — P(a - a)o,
Pao, = 87.5 - 10 = 52.5 mm Hg

This is the alveolar hypoxia (and arterial hypoxemia) caused by hypoventilation.

Hyperventilation Increases Alveolar Oxygen Levels (as Paco, decreases, Pao, increases)
Example: Hyperventilation while breathing room air
Fro, = 0.21
Paco, = 18 mm Hg
Pao, = (P, - PH,0)F10, — PACO, x 1.25
Pao, = [(713)0.21] — 18 x 1.25
Pao, = 150 — 22.5 = 127.5 mm Hg
If P(A — a)o, was 10 mm Hg, then Pao, would be 117.5 mm Hg:
Pao, = PAO, — A-a gradient
Pao, = Pao, — P(a - a)o,
Pao, =127.5 - 10 = 117.5 mm Hg

Thus, hyperventilation can cause a relatively small (but sometimes clinically important) increase in alveolar
(and arterial) oxygenation.
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P, =760 mm Hg
Pao, = 130 mm Hg
Paco, = 40 mm Hg

Alveolar Oxygen Levels During Normal Ventilation
The following data have been collected from the patient:

Matching of Gas and Blood

This patient has a normal level of ventilation, as indicated by the Paco, of 40 mm Hg. However, the patient’s arte-
rial oxygen level is much higher than the normal clinical range of 80 to 100 mm Hg. The question may arise as to
whether this patient is receiving oxygen therapy or if it is possible to have a Pao, of 130 mm Hg while breathing
room air (see Clinical Focus 6-2). The following steps can be used to determine if this patient is receiving supple-

mental oxygen.

1. Calculate what the patient’s alveolar oxygen level (PA0,) would be if he were breathing room air (F1o, = 0.21)

Pao, = 0.21(760 — 47) — 40 x 1.25
Pao, =150 - 50 = 100

2. Is this patient receiving supplemental O,?

This patient must be receiving supplemental oxygen. We know this because the arterial Pao, cannot exceed
the alveolar PAo,. If the patient were breathing room air (F10, = 0.21), the calculated PAo, would be about
100 mm Hg (see step 1, above). Because the patient’s Pao, is 130 mm Hg, we know that the PAo, must be
above 130 mm Hg—which would require supplemental oxygen administration. In fact, this patient is receiv-

ing 28% oxygen by air-entrainment mask:

P, =760 mm Hg

Fro, = 0.28

Paco, = 40 mm Hg

Pao, = 0.28(760 — 47) — 40 x 1.25
Pao, =200 - 50 = 150

Oxygen therapy at 28% O, has resulted in a PAo, of 150 mm Hg. With normal ventilation (Paco, = 40 mm
Hg), a Pao, of 130 mm Hg is possible with an increased F10,.

example of the relationship between F10, and Pao, with
normal ventilation. As noted previously, the “Rule of 4
and 5” states that for each 4 mm Hg increase in Paco,
the Pao, will fall about 5 mm Hg; this provides a quick
way to estimate the effect of increases in Paco, on Pao,
in patients breathing room air

Summary of Possible Problems with
Alveolar Oxygenation

Problems that may reduce alveolar oxygen levels (and,
in turn, Pao,) include inadequate inspired oxygen
tension, problems with the conducting airways, and
reduced alveolar ventilation. An inadequate P10, due
to altitude or other forms of ambient hypoxia may
result in a low alveolar oxygen tension (Pao,). Upper or
lower airway obstruction or increased resistance to gas
flow may affect the conducting airways and interfere
with achieving an adequate PAo,. Hypoventilation and
the resultant increase in arterial and alveolar carbon
dioxide tensions may also result in decreased alveolar

oxygen tension. The term alveolar hypoxia refers to
reduced Pao, and may be caused by decreased P10,
obstruction of the airways, or alveolar collapse (atel-
ectasis). Hypoxic hypoxia refers to inadequate oxygen-
ation of the blood by the lungs.

Matching of Gas and Blood

So far, we have considered the oxygenation process
down to the alveolar level. The next step is the match-
ing of alveolar gas to pulmonary capillary blood flow
and the diffusion of oxygen into the blood. The effec-
tiveness of oxygen transfer across the lung is deter-
mined in large part by the relationship between alveolar
ventilation and pulmonary capillary blood flow. The
most common causes of reduced oxygen transfer are
hypoventilation, ventilation—perfusion mismatch, right-
to-left shunt, and diffusion limitations. Assessment of
effective gas transfer across the lung includes measure-
ment of arterial oxygen levels and calculation of several
indices of oxygenation, which are described below.
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Alveolar Versus Arterial Oxygen Levels

The effect of alveolar PAo, on arterial oxygen levels can
be examined by several oxygenation indices. The first is
the alveolar—arterial Po, difference [P(a - a)o,; aka the
A-a gradient], which is calculated by subtracting the
Pao, from the Pao,:

P(A — a)o, = A-a gradient = PAO, — Pao,

A normal A-a gradient for a healthy young adult
breathing room air is 10 mm Hg with a range of 5 to
15 mm Hg. The A-a gradient increases with age, and a
normal value for a healthy 60-year-old breathing room
air is < 25 mm Hg."” The A-a gradient also may increase
with lung disease, and a change in the A-a gradient can
be used to assess improvement or worsening in lung
function (when F10, is constant).

It is important to note that the A-a gradient var-
ies with F10, and increases to about 100 mm Hg when
breathing 100% O, (range of about 80 to 120 mm Hg
while breathing 100% O,).? Because F10, often varies
due to treatment needs in acutely ill patients, two other

CLINICAL FOCUS 6-5

Calculation of the Pao,/Pao, and Pao,/Fio, Ratios

measures of the effectiveness of oxygenation transfer
across the lung are sometimes used: the Pao,/PAo, ratio
and the Pao,/Fio, ratio. Both of these are relatively sta-
ble with changes in F10,. A normal Pao,/PAo, ratio (aka
a/A oxygen ratio) while breathing room air is about
0.80 (range: 0.77 to 0.82), whereas a normal Pao,/F10,
ratio is 380 to 500.?

A Pao,/F10, ratio < 300 has been used as one crite-
rion in the definition of ALI (now called mild ARDS),
whereas a Pao,/F10, ratio < 200 has been used as one
criterion to identify ARDS.'"® More recently, the Berlin
definition of ARDS has been proposed, in which the
severity hypoxemia is based on the Pao,/F10, ratio.’

In summary, the A-a gradient increases with increas-
ing F1o,, whereas the Pao,/Pao, and Pao,/F10, ratios
remain fairly constant with changes in F10,. Because
of this, the Pao,/Pao, and Pao,/F10, ratios are more
useful clinical tools to assess lung function in acutely
ill patients with varying oxygen therapy requirements.
Clinical Focus 6-5 provides an example of the calcula-
tion and use of the Pao,/Pao, and Pao,/F1o0, ratios.

1. Given a patient with the following data, calculate the Pao,/PAo, and Pao,/F10, ratios:

Pao, = 80 mm Hg

Fro, = 0.21

Pao, = 100 mm Hg
Pao,/Pao, = 80/100 = 0.80
Pao,/F10, = 80/0.21 = 381

These values are at the low range of normal for a healthy adult.
2. Given a patient with the following normal values, calculate the Pao,/Pao, and Pao,/F10, ratios.

Pao, = 100 mm Hg

Fro, = 0.21

Pao, =110 mm Hg
Pao,/Pao, = 100/110 = 0.91
Pao,/Fio, = 100/0.21 = 476

These values are at the high range of normal for a healthy, young adult.
3. Given a patient with the following data, calculate the Pao,/PAo, and Pao,/F10, ratios:

Pao,= 80 mm Hg

Fio, = 0.35

Pao, = 200 mm Hg
Pao,/PAao, = 80/200 = 0.40
Pao,/F10,= 80/0.35 = 229

These values are consistent with oxygenation problems, as may be seen with acute lung injury (ALI; Pao,/

F1o, < 300 but > 200).!
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4. Given a patient with the following data, calculate the Pao,/Pao, and Pao,/F10, ratios:

Pao, = 60 mm Hg

Fro, = 0.50

Pao, = 307 mm Hg
Pao,/Pao, = 60/307 = 0.20
Pao,/F10, = 60/0.50 = 120

These values are consistent with severe oxygenation problems, as may be seen with acute respiratory distress

syndrome (ARDS; Pao,/F10, < 200).”

!The traditional definition of ALI includes Pao,/F10, < 300 but > 200.

*The proposed Berlin definition of ARDS includes severity based on the Pao,/F10, ratio as noted here: mild ARDS, Pao,/F10, < 300 but > 200;

moderate ARDS, Pao,/F10, < 200 but > 100; and severe ARDS, Pao,/F10, < 100.
Data from: ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, et al. Acute respiratory distress syndrome: the Berlin Definition. JAMA.

2012;307(23):2526-2533. doi: 10.1001/jama.2012.5669.

Ventilation—Perfusion Relationships

Figure 6-1 illustrates the six gas-to-blood matching
arrangements possible in the lung: normal, underventi-
lation to perfusion, pure shunt, overventilation to per-
fusion, alveolar dead space, and the silent unit.’*~*! For
the “ideal” alveolar unit, ventilation matches perfusion
and the ventilation-perfusion ratio (V/Q) is 1.0. Normal

alveolar ventilation (V,) is about 4.2 L/min, whereas
perfusion of the lung is equal to the cardiac output (Q.,)
at about 5 L/min. The resultant overall or average lung
V, /Q is:

V,/Q;=42/50=0.84

Shunt Unit ~ Ideal Normal
VQ =0 Low VIQ VaQ = 1
] 1
Dead Space Unit
vQ > 1 ea\'//Q'piCZ 4 Silent Unit

fro

—u——\_\

FIGURE 6-1 Ventilation perfusion relationships in health

and disease. There are six possible relationships of ventilation
and perfusion in the lung. Where ventilation matches perfusion,

the V/Q ratio is 1.0. Where ventilation exceeds perfusion, the V/Q
ratio is greater than 1.0. Ventilation without perfusion (aka alveolar
dead space) represents an extreme case, where V/Q = V/0 =  (or
undefined). With underventilation with respect to perfusion, V/Q is
less than 1.0 but greater than O (aka low V/Q). In cases of perfusion
without ventilation (aka alveolar shunt) V/Q = 0.

Whereas the overall V, /Q, in the normal lung is about
0.80, the actual V/Q in each region of the lung varies
due to regional differences in ventilation and the asso-
ciated capillary blood flow. These regional differences
are largely due to the effects of gravity and vary with
position. Figure 6-2 provides a description of the V/Q
values in different lung regions in an upright normal
subject. Pulmonary capillary blood flow and ventila-
tion are less in the apices of the lung than in the bases,
and V/Q tends to be greater at the apices of the lung
and lower at the bases. For example, the V/Q in the
lung apices is about 3.3, whereas the V/Q in the bases
is about 0.63 (see Figure 6-2).202' The V/Q in the mid-
portion of the lung may approach the ideal of 1.0, where
there is a match between ventilation and perfusion.?%!
In the normal lung, the inspired tidal volume tends to
flow preferentially to dependent portions of the lung
where there is the greatest perfusion. As illustrated in
the Figure 6-2, as alveolar ventilation increases as we
move from the apices to the bases in the upright lung;
the differences in ventilation across the various lung
regions are much less than the differences in perfusion.
Because regional differences in V/Q are due to
gravity, V/Q will change with a patient’s position. For
example, a patient lying with his or her right side down
will have greater perfusion of the dependent right lung.
If a patient has unilateral pulmonary disease, the clini-
cian may see oxygenation worsen when the affected
side is placed down because of increased perfusion
of the “bad” lung. Figure 6-3 provides an illustration
of the effects of position and exercise on the normal
lung. At rest, the dependent part of the lung receives
the most pulmonary capillary blood flow, as well as
the larger part of the inspired tidal volume. The non-
dependent portions of the lung receive less pulmonary
capillary blood flow, and although the nondependent
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FIGURE 6-2 Ventilation-perfusion regions in the upright lung. In the normal upright lung, the relationship between ventilation and
perfusion varies due to the effects of gravity. In the apices, there is less perfusion with respect to ventilation and V/Q > 1.0. As we move to
the middle portions of the lung, ventilation and perfusion begin to match (see section where V/Q = 1.0). In the dependent portions of the lung,
perfusion is greatest and exceeds ventilation (V/Q is < 1.0). In the upright lung, the bases receive the greatest portion of perfusion; however,

there is also preferential gas flow to the bases on inspiration.

portions of the lung have more alveolar gas relative to
the blood supply (and thus a higher V/Q), the inspired
tidal volume tends to flow to the dependent parts of the
lung. Only in exercise is the entire lung put to use (see
Figure 6-3).

Figure 6-4 illustrates a lung unit where ventilation
matches perfusion (V/Q = 1.0) while breathing room
air and 100% O,. As demonstrated in Figure 6-4A,
under normal conditions alveolar PAo, completely
equilibrates with the adjacent pulmonary capillary
AT REST

:;: .\
@ |
Horizontal Position

IN EXERCISE i i

FIGURE 6-3 The effects of gravity, posture, and exercise
on V/Q. At rest, the dependent part of the lung receives most of
the pulmonary capillary blood flow and the larger part of the tidal
volume, and this varies with position. During exercise, the entire
lung is put to full use.

AT REST
Erect Position

blood and alveolar and pulmonary capillary oxygen
tension are the same (Pao, = P,0, = 104 mm Hg).
However, due to venous admixture, the resultant Pao,
is generally about 5 to 15 mm Hg less than P,0,. Put
another way, a normal A-a gradient [P(a —a)o,] is
about 10 mm Hg while breathing room air. As noted
in Figure 6-4B, the A-a gradient increases to about
100 mm Hg when breathing 100% O,.

With pulmonary disease, V/Q mlsmatch may occur,
leading to hypoxemia. Common causes of V/Q mis-
match includes COPD, pneumonisa, interstitial lung dis-
ease, pulmonary embolus, and atelectasis. COPD often
causes low V/Q, whereas pulmonary embolus causes
abnormally high V/Q, or ventilation without perfusion,
which is also known as alveolar dead space. Intrapul-
monary shunt (e.g., atelectasis) represents an extreme
case of V/Q mismatching where there is perfusion
without ventilation (shunt) (V/Q=0). We will describe
low V/Q, venous admixture, and shunt in the following
sections.

Low V/Q

In certain pulmonary diseases, some alveolar units
may be underventilated with respect to perfusion (V/Q
< 1.0 but > 0.0). Causes of low V/Q include retained
secretions, bronchospasm, partial airway obstruction,
regional increase in fibrotic tissue, decreased tidal
volume (V ), and bronchiolar mucosal edema. Disease
states assoc1ated with low V/Q include asthma, emphy-
sema, chronic bronchitis, COPD, bronchiectasis, and
cystic fibrosis.
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A Fioo — 0.21 & Fio, = 1.0
. — 10, = 0. ) . Pg = 760 mm Hg
Uniform Ventilation Pg = 760 mm Hg Uniform Ventilation Ploy 2 713 i Hg
Room Air P10, = 150 mm Hg 100% O, 2
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== =
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FIGURE 6-4 Normal ventilation. With normal matching of ventilation and perfusion while breathing room air, P,0, = P.0o, = 104 mm Hg (Fio,
= 0.21). This results in a Pao, of 80 to 100 mm Hg due to venous admixture (see A). During normal ventilation, breathing 100% O, (Fi0, = 1.0),
P,0, = P .o, = 663 mm Hg, and this results in a Pao, of 500 to 550 mm Hg due to venous admixture (see B).

Figure 6-5A provides an example of a patient with
low V/Q breathing room air and demonstrates the
mechanism whereby low V/Q causes hypoxemia. Treat-
ment of the hypoxemia caused by low V/Q is usually
easily accomplished by the administration of low to
moderate concentrations of oxygen (22% to 40% O,).
Figure 6-5B demonstrates the effect of oxygen therapy
in moderate concentrations in a patient with low V/Q.
In addition to oxygen administration, the underlying
causes of low V/Q should be addressed. For example,

bronchial hygiene therapy may be used to manage
retained secretions and partial airway obstruction.
Bronchodilator therapy may be used to manage acute
bronchospasm, whereas decongestants and anti-inflam-
matory medications may be used to manage mucosal
edema. Infection may cause inflammation and may be
treated by the administration of antimicrobial agents.
Methods for delivering various oxygen concentrations
in spontaneously breathing patients are described in
Box 6-10.

A B
Fio, = 0.21 b Fio, = 0.40
Low VVQ Pg = 760 mm Hg Low VQ Pg = 760 mm Hg
Room Air Pio, = 150 mm Hg Oxygen Therapy Pio, = 285 mm Hg
Pvo, = 4 N
02 =40 ~ Pro, = 40 ~,
Pc'o, = 50 Pc'o, = 115
‘ - 115)
§ - Poo, = 40

Pso, = 40 — ) Pc'o, = 104 Pao, = 55 TN Pc'o, = 235 Pao, = 95

FIGURE 6-5 Matching of gas and blood with underventilation to perfusion (V/Q < 1). (A) lllustration of the effect of low V/Q on
oxygenation while breathing room air; the patient exhibits moderate hypoxemia (Pao, = 55 mm Hg) due to low V/Q. (B) Administration of 40%
0, (Fio, = 0.40) increases the patient’s Pao, to 95 mm Hg, correcting the hypoxemia. With low V/Q, often low to moderate concentrations of
0, therapy will improve Pao,.
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BOX 6-10

Methods of Administering Various Oxygen Concentrations

Low to Moderate Concentration of O, (22% to 40%)
Nasal cannula:

0.5 to 6 L/min will deliver approximately 22% to 40% O,.

Device of choice for most patients.

Easy to use, well accepted by most patients.

Does not interfere with eating, drinking fluids, or talking on the telephone.

Humidification not needed at flows < 4 L/min.

F1o, will vary with ventilatory pattern.

In the presence of an irregular ventilatory pattern or with rapid, shallow breathing, it will not deliver a
stable F10,.

Air-entrainment mask:

F1o0, of 24%, 28%, 30%, 35%, and 40% available.

High air flow with oxygen enrichment provides a relatively constant and stable F10,.

May be the device of choice to deliver low to moderate concentrations of oxygen in the presence of a vari-
able ventilatory pattern or rapid, shallow breathing.

Patients may remove the mask to eat or to talk on the telephone or due to discomfort, resulting in a sud-
den and unwanted episode of hypoxemia.

Moderate to High Concentration of O, (40% to 100%)

Simple mask:

35% to 50% O, at 5 to 10 L/min.

F10, may vary with ventilatory pattern.

Patients may remove the mask to eat or talk on the telephone or due to discomfort, resulting in a sudden
and unwanted episode of hypoxemia.

Good choice for short periods of time (e.g., emergency department) as assessment is made.

Partial rebreathing mask:

40% to 70% O, at 5 to 10 L/min.

F10, may vary with ventilatory pattern.

Patients may remove the mask to eat or talk on the telephone or due to discomfort, resulting in a sudden
and unwanted episode of hypoxemia.

Good choice for short periods of time (e.g., emergency department) as assessment is made.

Nonrebreathing mask:

60% to 80% O, at 6 to 10 L/min.

F10, may vary with ventilatory pattern.

Patients may remove the mask to eat or talk on the telephone or due to discomfort, resulting in a sudden
and unwanted episode of hypoxemia.

Good choice for short periods of time (e.g., emergency department) as assessment is made.

Air-entrainment nebulizers via aerosol mask, tracheostomy mask, or “I” piece:

Provide stable oxygen concentration from 28% to 50%.

Good choice to deliver a constant, stable Fio, with humidity and bland aerosol in the presence of artificial
airways.

May be heated to increase humidity output.

Patients may remove the aerosol mask to eat or talk on the telephone or due to discomfort, resulting in a
sudden and unwanted episode of hypoxemia. This is less of problem with an artificial airway (e.g., trache-
ostomy or endotracheal tube).

Misty-Ox High Fio,~High Flow nebulizer:

60% to 96% oxygen with total gas flows of 42 to 80 L/min.
High air flow with oxygen enrichment provides a relatively constant and stable F1o,.
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o May be effective at delivering moderate to high concentrations of oxygen in the presence of a variable ven-
tilatory pattern or rapid, shallow breathing.

o DPatients may remove the mask to eat or talk on the telephone or due to discomfort, resulting in a sudden
and unwanted episode of hypoxemia.

Thera-Mist air-entrainment nebulizer:

+ 36% to 96% O, at flows of 47 to 74 L/min.

+ High air flow with oxygen enrichment provides a relatively constant and stable F1o,

o May be effective at delivering moderate to high concentrations of oxygen in the presence of a variable ven-
tilatory pattern or rapid, shallow breathing

o DPatients may remove the mask to eat, talk on the telephone or due to discomfort, resulting in a
sudden and unwanted episode of hypoxemia.

Anatomic Shunt and Venous Admixture small amount of venous blood, the venous admixture,

As noted earlier, normally there is complete equilibra- is ({ar riefi ﬁtom the bronchial veins, Thebesian‘veins
tion of oxygen across the alveolar—capillary membrane (veins w1Fhm the heart muscle),.and‘pleure‘ll veins to
and Pao, = P_O.. If 100% of the cardiac output went to the left side of the 