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   In the United States, changes in healthcare 
delivery and the changing healthcare needs of the 
population are leading to an increased demand 
for nurses who are educated to provide care for 
critically ill patients. Today’s critically ill patient is 
liable to be older and more critically ill than ever 
before, thus increasing the demand for nurses with 
the skills to handle complex, life-threatening condi-
tions. Nurses who are educated to provide critical 
care are highly sought after now, and will be for the 
foreseeable future.

Essentials of Critical Care Nursing: A Holistic 
Approach, the newest member of the family of books 
that started in 1973 with the fi rst edition of Critical 
Care Nursing: A Holistic Approach, has been created 
as an introduction to the specialty of critical care 
nursing and focuses on entry-level information a 
novice would need to care for critically ill patients. 
Like the classic parent text (now in its 10th edition), 
Essentials of Critical Care Nursing remains true to 
our commitment to excellence by providing stu-
dents with the most up-to-date information needed 
to care for critically ill patients and their families, 
with a strong emphasis on holistic care. The patient 
is the center of the healthcare team’s efforts, and all 
interventions must be based on an understanding of 
the patient’s psychosocial, as well as physical, needs. 
For today’s critical care nurse, knowledge of dis-
ease processes and competence in using high-tech 
equipment in the care of critically ill patients is not 
enough. Today’s critical care nurse must also include 
the family in all aspects of care and demonstrate 
caring behaviors that address the human aspect of 
suffering.

Essentials of Critical Care Nursing: A Holistic 
Approach provides a solid, focused introduction to 
the discipline of critical care nursing. In writing the 
text, we assumed a basic knowledge of medical– 
surgical nursing, anatomy and physiology, patho-
physiology, and assessment. However, these areas 
are reviewed as needed within the context of specifi c 
discussions, focusing specifi cally on the needs of the 
patient in a critical care setting. A strong emphasis 
on what the novice nurse needs to know and do in 
caring for critically ill patients and their families is 
maintained throughout the book.

Preface

Organization
Essentials of Critical Care Nursing: A Holistic 
Approach is organized into 11 parts:

Part 1: The four chapters that make up Part 1 
introduce the reader to the concept of holistic care, 
as it applies in critical care practice. In Chapter 1, 
the reader is introduced to issues of particular perti-
nence to critical care nursing practice, including the 
benefi ts of certifi cation, the importance of evidence-
based practice, and how a healthy work environ-
ment contributes to the well-being of the nurse and 
facilitates the optimal care of patients and families. 
Chapter 2 reviews the psychosocial effects of critical 
illness on the patient and the family, and describes 
the nurse’s role in guiding the patient and family 
through the crisis. Chapter 3 emphasizes the role of 
the nurse in providing patient and family education 
in critical care. In Chapter 4, legal and ethical issues 
in critical care practice are explored.

Part 2: The seven chapters that comprise Part 
2 address essential concepts and interventions 
that pertain to the care of the critically ill patient. 
Chapter 5 focuses on strategies for relieving pain 
and promoting comfort, and Chapter 6 concen-
trates on the topics of end-of-life and palliative 
care. Chapter 7 addresses the assessment of nutri-
tion and fl uid and electrolyte balance and describes 
associated nursing interventions. Chapter 8 explores 
dysrhythmia interpretation and the management 
of patients with dysrhythmias. Chapter 9 reviews 
hemodynamic monitoring. Chapter 10 concentrates 
on airway management and ventilatory support. The 
unit concludes with Chapter 11, which addresses the 
management of a patient in cardiopulmonary arrest.

Parts 3 through 10: Parts 3 through 10 take a 
body systems approach to presenting disorders most 
commonly seen in critical care. Each part is struc-
tured so that general assessment techniques and 
management modalities that pertain to the organ 
system under discussion are presented fi rst, followed 
by a discussion of specifi c disorders of that organ 
system that often necessitate admission to the criti-
cal care unit. By covering assessment and manage-
ment modalities in some detail initially, we provide 

xvii
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xviii Preface

to gain insight into the patient’s current critical 
health problem. (QSEN competencies: patient-
centered care)

• Case Studies. Each chapter concludes with a case 
study followed by a series of critical thinking ques-
tions designed to guide the student’s knowledge to 
practical application.

Ancillary Package
To further facilitate teaching and learning, a care-
fully designed ancillary package is available.

Resources for Instructors
Tools to assist instructors with teaching the course 
are available upon adoption of this text on  
as well as on an Instructor’s Resource DVD-ROM for 
instructors who prefer that method of delivery.

• A Test Generator includes a bank of over 600 
questions to aid in the creation of quizzes and tests 
for assessing students’ mastery of the material.

• An Image Bank contains illustrations and photo-
graphs from the book in formats suitable for print 
or digital use.

• PowerPoint Presentations for each chapter facil-
itate the development of slide shows and handouts, 
providing an easy way to integrate the textbook 
with the students’ classroom experience.

• Case Study Questions and Discussion Points. 
Discussion points for the case studies that appear 
in the text are provided to facilitate small group 
discussions about the clinical scenarios presented 
in the cases.

• Guided Lecture Notes guide instructors through 
the chapters, objective by objective, and provide 
corresponding PowerPoint slide numbers.

• Sample Syllabi provide guidance for structuring 
the critical care course.

• A QSEN Pre-Licensure KSA Competencies 
Map identifi es content in the textbook that sup-
ports QSEN’s pre-licensure KSA competencies of 
patient-centered care, teamwork and collabora-
tion, evidence-based practice, quality improve-
ment, safety, and informatics.

• Strategies for Effective Teaching provide tips 
for preparing the course, meeting students’ needs, 
and helping students to succeed.

Instructors are also given access to all of the stu-
dent resources.

Resources for Students
An exciting set of free resources is available to help 
students master the material. These materials are 
accessible on  with the access code printed 
in the front of the textbook.

the student with foundational knowledge and avoid 
the repetition of information that can occur when 
the same assessment technique or management 
modality is used in the assessment or management 
of multiple disorders.

Part 11: The fi nal part of the text, Part 11, focuses 
on multisystemic disorders, including shock, multi-
system organ dysfunction syndrome (MODS), and 
trauma.

Features
The features of Essentials of Critical Care Nursing: A 
Holistic Approach have been designed to assist read-
ers with practice as well as learning. Many of the 
features support the quality and safety pre-licensure 
competencies put forth by the Quality and Safety 
Education for Nurses (QSEN) initiative, which 
seeks to develop the knowledge, skills, and attitudes 
(KSAs) necessary to continuously improve the qual-
ity and safety of the healthcare system. Key quality 
and safety competencies that are supported by the 
features in this text include patient-centered care, 
teamwork and collaboration, evidence-based prac-
tice, quality improvement, and safety.

• Evidence-Based Practice Highlights. These 
boxes present current evidence-based recom-
mendations related to key nursing interventions. 
(QSEN competencies: evidence-based practice, 
quality improvement)

• Collaborative Care Guides. These boxes describe 
how the healthcare team works together to man-
age a patient’s illness and minimize complications. 
The information is presented in a tabular format, 
with outcomes in the fi rst column and interven-
tions in the second. (QSEN competencies: patient-
centered care, teamwork and collaboration)

• Red Flag Notes. These notes highlight clinically 
important information, such as signs and symp-
toms of developing complications or life-threat-
ening conditions, and actions the nurse should 
take to ensure safe care. (QSEN competencies: 
safety)

• The Older Patient Notes. These notes, appearing 
within the fl ow of the text, highlight information 
related to assessing and caring for older patients 
in the critical care setting. (QSEN competencies: 
patient-centered care)

• Drug Therapy Tables. These tables summarize 
information related to the safe administration and 
monitoring of drug therapy. (QSEN competencies: 
safety)

• Diagnostic Tests Tables. These tables summa-
rize information about key diagnostic tests, with a 
focus on the key information the nurse should be 
aware of with regard to preparing a patient for a 
diagnostic test and caring for the patient during or 
after the test. (QSEN competencies: safety)

• Health History Boxes. These boxes summarize 
aspects of the history that are important to explore 
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100 commonly prescribed drugs in a quick-review 
format.

• A Spanish-English Audio Glossary provides 
helpful words and phrases for communicating 
with Spanish-speaking patients.

It is with great pleasure that we introduce these 
resources—the textbook and the ancillary  package—
to you. It is our intent that these resources will pro-
vide a solid introduction to, and foundation for, the 
discipline of critical care nursing. We hope that we 
have succeeded in that goal, and we welcome feed-
back from our readers.

Patricia Gonce Morton, RN, PhD, ACNP-BC, FAAN
Dorrie K. Fontaine, RN, PhD, FAAN

Kendra Menzies Kent, RN, MS, CCRN, CNRN

• An E-Book on  provides access to the 
book’s full text and images online.

• Journal Articles offer access to current research 
related to chapter content.

• Internet Resources provide links to Web sites of 
interest that support the topics discussed in the text.

• Learning Objectives are supplied for each chap-
ter in the book, to guide teaching and learning.

• Chapter Review Questions provide an easy way 
for students to check their understanding of chap-
ter content.

• Answers to Chapter Review Questions with ratio-
nales are also accessible to students to allow self-
assessment of their mastery of the chapter content.

• Concepts in Action Animations bring physio-
logic and pathophysiologic concepts to life.

• Monographs of 100 Commonly Prescribed Drugs 
provide up-to-date, detailed drug information for 
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C H A P T E R

1

The Concept of Holism
   Applied to Critical Care 
     Nursing Practice

Based on the content in this chapter, the reader should be able to:

1 Describe the value of certifi cation in critical care nursing.
2 Describe the value of evidence-based practice (EBP) in caring for critically ill 

patients.
3 List the six standards for a healthy work environment and describe how the 

work environment can affect patient outcomes and employee well-being.
4 Describe the critical care nurse’s role in promoting a healthy work environment.
5 Explain the underlying premises of the synergy model.

O B J E C T I V E S

Critical care nurses routinely care for patients 
with complex, life-threatening conditions. In addi-
tion to managing the physiological alterations 
brought on by critical illness, critical care nurses 
must also manage the accompanying psychosocial 
challenges and ethical confl icts that often arise in the 
critical care setting. While operating within a highly 
technological environment, critical care nurses are 
charged with providing compassionate, patient- and 
family-focused care.

The overreaching professional goal for the critical 
care nurse is to promote optimal outcomes for the 
patients and families who are being cared for in the 
complex setting of the critical care unit. Becoming 
certifi ed in the discipline of critical care nursing, 

seeking to provide interventions that are based on 
current evidence, working to create and promote 
a healthy work environment (HWE), and working 
to cultivate core nursing competencies (eg, clinical 
judgment, advocacy, collaboration) are strategies 
the critical care nurse can use to achieve this goal.

Value of Certifi cation
Specialty certifi cation by the American Association 
of Critical-Care Nurses (AACN) promotes excel-
lence in the critical care nursing profession by 
helping nurses achieve and maintain an up-to-date 
knowledge base and allowing nurses to voluntarily 

1
Critical Care Nursing Practice
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2 P A R T  O N E The Concept of Holism Applied to Critical Care Nursing Practice

evidence into practice can be a long process. Common 
barriers to implementation are summarized in 
Box 1-1. Strategies for promoting the incorporation 
of evidence into clinical practice include

• Use of protocols, clinical pathways, and algorithms4

• Increasing clinicians’ awareness of available 
resources (eg, databases such as PubMed, CINAHL, 
and MEDLINE; Web sites such as UpToDate, which 
offers real-time evidence-based recommendations 
for patient care, and the Cochrane Library, a source 
of high-quality, independent evidence to inform 
healthcare decision making; and professional nurs-
ing organizations, such as the AACN, which pub-
lishes research-based Practice Alerts)

• Creating an organizational culture that supports 
EBP (eg, identifying EBP champions, incorporat-
ing EBP activities into nurses’ roles, allocating 
time and money to the process, promoting multi-
disciplinary collaboration among researchers and 
practitioners)4

Healthy Work Environments
A healthy work environment (HWE) optimizes pro-
fessional collaboration and nursing practice (thus 
facilitating quality clinical outcomes) and promotes 
employee satisfaction. In 2001, in light of data indi-
cating that harmful healthcare working environ-
ments exist nationwide and that these environments 
result in medical errors, poor healthcare delivery, 
and dissatisfaction among healthcare providers, the 
AACN helped develop the HWE initiative. The HWE 
initiative focuses on barriers to patient safety and 
employee satisfaction and identifi es six essential 
standards for promoting a HWE: skilled communi-
cation, true collaboration, effective decision mak-
ing, appropriate staffi ng, meaningful recognition, 
and authentic leadership (Box 1-2).

Skilled Communication
Skilled communication is essential to prevent errors 
as well as to recruit and retain healthcare providers. 
Almost 70% of sentinel events reported to the Joint 
Commission in 2005 were related to communica-
tion issues.5 AACN partnered with VitalSmarts (a 

demonstrate their breadth and depth of knowledge of 
the discipline of critical care nursing.1 Certifi cation 
has value for patients and families, employers, and 
nurses themselves:

• Value to the patient and family. Certifi cation 
validates to patients and families that the nurses 
caring for them have demonstrated experience 
and knowledge that exceeds that which is assessed 
in entry-level licensure examinations.1 Experience 
and knowledge enable nurses to recognize and 
respond to clinical situations more quickly, and 
research has shown that nurses who have had 
their knowledge validated through a certifi cation 
examination make decisions with greater confi -
dence, promoting optimal outcomes.1 In addition, 
nurses who are certifi ed in a specialty have dem-
onstrated commitment to continual learning, an 
attribute that is needed to care for patients with 
complex multisystem problems.

• Value to employers. Certifi cation validates to 
employers that the nurse is committed to the disci-
pline and has the knowledge and experience to work 
effi ciently to promote optimal patient outcomes. It 
has been suggested that organizations that support 
and recognize the value of certifi cation may expe-
rience decreased turnover and improved retention 
rates.1 In addition, employing nurses who have 
achieved certifi cation demonstrates to the public (ie, 
healthcare consumers) and to credentialing organi-
zations (eg, the Joint Commission, the American 
Nurses Credentialing Center) that the facility has 
recruited and retained knowledge-validated nurses.1

• Value to nurses. Certifi cation provides nurses with 
a sense of professional pride and achievement, and 
the confi dence that comes with certifi cation may 
give the nurse a competitive edge when seeking a 
promotion or new career opportunities. In addition, 
certifi ed nurses can anticipate increased recogni-
tion from peers and employers. Certifi cation may 
have monetary benefi ts as well. For example, some 
employers recognize certifi cation with a salary dif-
ferential, and one of the world’s largest insurance 
brokers offers a discount on malpractice premiums 
to nurses who are certifi ed in critical care.1

Evidence-Based Practice in Critical 
Care Nursing
Evidence-based practice (EBP) is the use of the best 
available research data from well-designed studies 
coupled with experiential knowledge and character-
istics, values, and patient preferences in clinical prac-
tice to support clinical decision making.2 The use of 
research fi ndings in clinical practice is essential to 
promote optimal outcomes and to ensure that nurs-
ing practice is effective.3 Practice based on intuition 
or information that does not have a scientifi c basis 
is not in the best interest of patients and families.

Although knowledge regarding effectual nurs-
ing interventions continues to increase, transfer of 

B O X  1 - 1   Barriers to Evidence-Based Practice 
(EBP)

• Lack of knowledge
• Lack of research skills, resources, or both
• Lack of organizational support and management 

commitment
• Lack of time
• Lack of incentive to change behavior
• Lack of confi dence in personal ability to change 

practice
• Lack of authority to change practice
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Critical Care Nursing Practice C H A P T E R  1 3

B O X  1 - 2   Critical Elements of the Six Essential Standards of a Healthy Work Environment

Standard 1: Skilled Communication
Nurses must be as profi cient in communication skills as 
they are in clinical skills.

• The healthcare organization provides team members 
with support for and access to education programs 
that develop critical communication skills including 
self-awareness, inquiry/dialogue, confl ict manage-
ment, negotiation, advocacy, and listening.

• Skilled communicators focus on fi nding solutions and 
achieving desirable outcomes.

• Skilled communicators seek to protect and advance 
collaborative relationships among colleagues.

• Skilled communicators invite and hear all relevant 
perspectives.

• Skilled communicators call on goodwill and mutual 
respect to build consensus and arrive at common 
understanding.

• Skilled communicators demonstrate congruence 
between words and actions, holding others account-
able for doing the same.

• The healthcare organization establishes zero-tolerance 
policies and enforces them to address and eliminate 
abuse and disrespectful behavior in the workplace.

• The healthcare organization establishes formal  structures 
and processes that ensure effective information sharing 
among patients, families, and the healthcare team.

• Skilled communicators have access to appropriate com-
munication technologies and are profi cient in their use.

• The healthcare organization establishes systems that 
require individuals and teams to formally evaluate the 
impact of communication on clinical, fi nancial, and 
work environment outcomes.

• The healthcare organization includes communica-
tion as a criterion in its formal performance appraisal 
system, and team members demonstrate skilled com-
munication to qualify for professional advancement.

Standard 2: True Collaboration
Nurses must be relentless in pursuing and fostering 
true collaboration.

• The healthcare organization provides team members 
with support for and access to education programs 
that develop collaboration skills.

• The healthcare organization creates, uses, and 
evaluates processes that defi ne each team member’s 
accountability for collaboration and how unwilling-
ness to collaborate will be addressed.

• The healthcare organization creates, uses, and evalu-
ates operational structures that ensure the decision-
making authority of nurses is acknowledged and 
incorporated as the norm.

• The healthcare organization ensures unrestricted 
access to structured forums, such as ethics commit-
tees, and makes available the time needed to resolve 
disputes among all critical participants, including 
patients, families, and the healthcare team.

• Every team member embraces true collaboration as 
an ongoing process and invests in its development to 
ensure a sustained culture of collaboration.

• Every team member contributes to the achievement 
of common goals by giving power and respect to each 
person’s voice, integrating individual differences, 
resolving competing interests, and safeguarding the 
essential contribution each must make in order to 
achieve optimal outcomes.

• Every team member acts with a high level of personal 
integrity.

• Team members master skilled communication, an 
essential element of true collaboration.

• Each team member demonstrates competence appro-
priate to his or her role and responsibilities.

• Nurse managers and medical directors are equal part-
ners in modeling and fostering true collaboration.

Standard 3: Effective Decision Making
Nurses must be valued and committed partners in 
 making policy, directing and evaluating clinical care, 
and leading organizational operations.

• The healthcare organization provides team members 
with support for and access to ongoing education and 
development programs focusing on strategies that 
ensure collaborative decision making. Program con-
tent includes mutual goal setting, negotiation, facili-
tation, confl ict management, systems thinking, and 
performance improvement.

• The healthcare organization clearly articulates organi-
zational values, and team members incorporate these 
values when making decisions.

• The healthcare organization has operational struc-
tures in place that ensure the perspectives of patients 
and their families are incorporated into every decision 
affecting patient care.

• Individual team members share accountability for 
effective decision making by acquiring necessary skills, 
mastering relevant content, assessing situations accu-
rately, sharing fact-based information, communicating 
professional opinions clearly, and inquiring actively.

• The healthcare organization establishes systems, such 
as structured forums involving all departments and 
healthcare disciplines, to facilitate data-driven decisions.

• The healthcare organization establishes deliberate 
decision-making processes that ensure respect for the 
rights of every individual, incorporate all key perspec-
tives, and designate clear accountability.

• The healthcare organization has fair and effective 
processes in place at all levels to objectively evaluate 
the results of decisions, including delayed decisions 
and indecision.

Standard 4: Appropriate Staffi ng
Staffi ng must ensure the effective match between patient 
needs and nurse competencies.

• The healthcare organization has staffi ng policies in 
place that are solidly grounded in ethical principles 
and support the professional obligation of nurses to 
provide high-quality care.

(continued on page 4)
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4 P A R T  O N E The Concept of Holism Applied to Critical Care Nursing Practice

B O X  1 - 2   Critical Elements of the Six Essential Standards of a Healthy Work Environment (continued)

• Nurses participate in all organizational phases of the 
staffi ng process from education and planning—includ-
ing matching nurses’ competencies with patients’ 
assessed needs—through evaluation.

• The healthcare organization has formal processes in 
place to evaluate the effect of staffi ng decisions on 
patient and system outcomes. This evaluation includes 
analysis of when patient needs and nurse competen-
cies are mismatched and how often contingency plans 
are implemented.

• The healthcare organization has a system in place that 
facilitates team members’ use of staffi ng and out-
comes data to develop more effective staffi ng models.

• The healthcare organization provides support services 
at every level of activity to ensure nurses can optimally 
focus on the priorities and requirements of patient 
and family care.

• The healthcare organization adopts technologies that 
increase the effectiveness of nursing care delivery. 
Nurses are engaged in the selection, adaptation, and 
evaluation of these technologies.

Standard 5: Meaningful Recognition
Nurses must be recognized and must recognize oth-
ers for the value each brings to the work of the 
organization.

• The healthcare organization has a comprehensive 
system in place that includes formal processes and 
structured forums that ensure a sustainable focus 
on recognizing all team members for their contri-
butions and the value they bring to the work of the 
organization.

• The healthcare organization establishes a systematic 
process for all team members to learn about the facil-
ity’s recognition system and how to participate by 
recognizing the contributions of colleagues and the 
value they bring to the organization.

• The healthcare organization’s recognition system 
reaches from the bedside to the board table, ensuring 
individuals receive recognition consistent with their 
personal defi nition of meaning, fulfi llment, develop-
ment, and advancement at every stage of their profes-
sional career.

• The healthcare organization’s recognition system 
includes processes that validate that recognition is 
meaningful to those being acknowledged.

• Team members understand that everyone is respon-
sible for playing an active role in the organization’s 
recognition program and meaningfully recognizing 
contributions.

• The healthcare organization regularly and compre-
hensively evaluates its recognition system, ensuring 
effective programs that help to move the organization 
toward a sustainable culture of excellence that values 
meaningful recognition.

Standard 6: Authentic Leadership
Nurse leaders must fully embrace the imperative of a 
healthy work environment (HWE), authentically live it, 
and engage others in its achievement.

• The healthcare organization provides support for and 
access to educational programs to ensure that nurse 
leaders develop and enhance knowledge and abilities 
in skilled communication, effective decision making, 
true collaboration, meaningful recognition, and ensur-
ing resources to achieve appropriate staffi ng.

• Nurse leaders demonstrate an understanding of the 
requirements and dynamics at the point of care and 
within this context successfully translate the vision of 
a HWE.

• Nurse leaders excel at generating visible enthusiasm 
for achieving the standards that create and sustain 
HWEs.

• Nurse leaders lead the design of systems necessary to 
effectively implement and sustain standards for HWEs.

• The healthcare organization ensures that nurse leaders 
are appropriately positioned in their pivotal role in cre-
ating and sustaining HWEs. This includes participation 
in key decision-making forums, access to essential infor-
mation, and the authority to make necessary decisions.

• The healthcare organization facilitates the efforts of 
nurse leaders to create and sustain a HWE by pro-
viding the necessary time and fi nancial and human 
resources.

• The healthcare organization provides a formal comen-
toring program for all nurse leaders. Nurse leaders 
actively engage in the comentoring program.

• Nurse leaders role-model skilled communication, true 
collaboration, effective decision making, meaningful 
recognition, and authentic leadership.

• The healthcare organization includes the leadership 
contribution to creating and sustaining a HWE as a 
criterion in each nurse leader’s performance appraisal. 
Nurse leaders must demonstrate sustained leadership 
in creating and sustaining a HWE to achieve profes-
sional advancement.

• Nurse leaders and team members mutually and objec-
tively evaluate the impact of leadership processes and 
decisions on the organization’s progress toward creat-
ing and sustaining a HWE.

From http://www.aacn.org/aacn/pubpolcy.nsf/Files/ExecSum/$fi le/ExecSum.pdf

company that provides corporate training and orga-
nizational performance solutions) to conduct a study 
of conversations that do not occur in hospitals, to the 
detriment of patient safety and provider well-being. 
The “Silence Kills” study used focus groups, inter-
views, workplace observation, and surveys of nurses, 

physicians, and administrators in urban, rural, and 
suburban hospitals nationwide.6 Overwhelming 
data indicated that poor communication and col-
laboration were prevalent among healthcare provid-
ers. The study concluded that healthcare providers 
repeatedly observe errors, breaking of rules, and 

Morton_Chap01.indd   4Morton_Chap01.indd   4 2/4/2012   9:23:42 AM2/4/2012   9:23:42 AM

http://www.aacn.org/aacn/pubpolcy.nsf/Files/ExecSum/$file/ExecSum.pdf


Critical Care Nursing Practice C H A P T E R  1 5

dangerous levels of incompetence, yet rather than 
speak up, they consider leaving their respective units 
because of their concerns. The ability to communi-
cate effectively and assertively and manage confl ict 
is essential for advocating for oneself and others, and 
fosters a positive workplace environment character-
ized by an atmosphere of respect and collaboration.

True Collaboration
Collaboration is a multifaceted concept, which has 
been defi ned as working together to accomplish a 
common goal. One researcher has identifi ed collab-
oration as both a process (blending different points 
of view to better comprehend a diffi cult issue) and 
an outcome (the integration of solutions contrib-
uted by more than one person).7 This researcher 
has identifi ed 10 lessons in collaboration: (1) know 
thyself; (2) learn to value and manage diversity; (3) 
develop constructive confl ict resolution skills; (4) 
create win–win situations; (5) master interpersonal 
and process skills; (6) recognize that collabora-
tion is a journey; (7) leverage all multidisciplinary 
forums; (8) appreciate that collaboration can occur 
spontaneously; (9) balance autonomy and unity in 
collaborative relationships; and (10) remember that 
collaboration is not required for all decisions.7 Other 
investigators have suggested that collaboration is 
defi ned through fi ve concepts: sharing, partnership, 
power, interdependency, and process.8

Results of several studies have supported a high 
correlation between nurse–physician collaboration 
and positive patient outcomes and a decreased inci-
dence of medication errors.9 However, a number 
of barriers exist that preclude true collaboration 
in healthcare organizations, including variations 
in how “collaboration” is conceptualized; the lack 
of time for communication; the complexity of the 
skills required to facilitate collaboration; and issues 
related to autonomy, power, and role confusion.10

Effective Decision Making
Because the healthcare environment mandates that 
nurses be accountable for their practice, they must 
be able to participate in effective decision mak-
ing. A high degree of responsibility and autonomy 
is necessary. An environment that consistently and 
successfully encourages nurses to participate in 
decision making promotes quality patient outcomes 
and improved employee satisfaction.

Appropriate Staffi ng
There is a signifi cant relationship between inad-
equate nurse staffi ng and adverse patient events. 
According to the Joint Commission, based on data-
base records from 1995 to 2004, staffi ng levels were 
a root cause of nearly a quarter of the sentinel 
events that resulted in death, injury, or permanent 
loss of function.5 Adequacy of staffi ng has tradition-
ally been based primarily on the number of staff 

assigned to a unit on a given shift. However, appro-
priate staffi ng must also consider the competencies 
of the staff assigned in relation to the needs of the 
patient and family during that shift. When the needs 
of patients and families are matched with the com-
petencies of the assigned nurse, optimal outcomes 
may be achieved. The ability to monitor patient 
health status, perform therapeutic interventions, 
integrate patient care to avoid healthcare gaps, and 
promote optimal patient outcomes is compromised 
when the number of nurses is inadequate, or when 
nurses lack the required competencies.

Meaningful Recognition
Employee recognition can have a signifi cant 
effect on job satisfaction, and can help to retain 
high- performing nurses and ensure an adequate 
 workforce in the future. Effective recognition pro-
grams enhance the nurse’s sense of accomplishment 
and validate the nurse’s contributions to quality 
healthcare. The recognition may be modest in scale 
but must represent genuine caring and apprecia-
tion. In addition to monetary rewards when pos-
sible, recognition can take the form of  verbal or 
written praise, appreciation, and acknowledgment 
of excellent performance.11,12 Researchers have also 
suggested that to recruit and retain staff, employers 
need to recognize staff expectations (eg, the desire 
to lead balanced lives, receive opportunities for per-
sonal and professional growth, or make a meaning-
ful contribution to the world through work).

Authentic Leadership
Nursing leaders play an essential role in creating a 
healthcare environment that is conducive to pro-
moting quality patient outcomes and employee well-
being.13 Attributes of an authentic leader that are 
essential for establishing and maintaining a HWE 
include genuineness, trustworthiness, reliability, 
compassion, and believability.14 An effective leader 
seeks to (1) balance the tension between production 
and effi ciency; (2) create and sustain trust through-
out the organization; (3) actively manage the process 
of change; (4) involve workers in decision making 
pertaining to work design and work fl ow; and (5) 
use knowledge management to establish the organi-
zation as a learning organization.14

The Synergy Model
The synergy model, developed by the AACN, has 
served as the foundation for certifi ed practice since 
the late 1990s.15 It is the conceptual model for under-
graduate and graduate curricula and has been used 
in a variety of clinical settings as the basis for job 
descriptions, performance appraisals, and career 
advancement.16

The underlying premises of the synergy model 
are (1) patients’ characteristics are of concern to 
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nurses; (2) nurses’ competencies are important to 
patients; (3) patients’ characteristics drive nurses’ 
competencies; and (4) when patients’ characteristics 
and nurses’ competencies match and synergize, out-
comes for the patient are optimal.15 Eight character-
istics (of patients, units, or systems) and eight nurse 
competencies that constitute nursing practice form 

the basis of the model (Fig. 1-1). Patient/unit/system 
characteristics range depending on the situation and 
are expressed as level 1, 3, or 5, with 1 being “low” 
and 5 being “high.” Similarly, nurse competencies 
range depending on the nurse’s level of expertise, 
and are expressed as level 1, 3, or 5, with 1 being 
“competent” and 5 being “expert.”

CRITICALLY
ILL

PATIENT/
FAMILY

Participation
in

Decision
Making Stability

Resiliency

Complexity

Participation
in

Care

Resource
Availability

Predictability

Vulnerability

NURSE CHARACTERISTICS      Clinical Judgm
ent     A

dvocacy/M
oral A

gency     C
aring Practices     Collaboration     Systems Thinking     

 Resp
on

se
 to

 D
iv

er
si

ty
   

  C
lin

ic
al

 In
qu

iry
   

   
Fa

ci
lit

at
or

 o
f L

ea
rning

Characteristics of Patients, Clinical Units, and Systems of Concern to Nurses
• Participation in decision making—extent to which patient/family engages in decision making
• Stability—the ability to maintain a steady-state equilibrium
• Resiliency—the capacity to return to a restorative level of functioning using compensatory/coping mechanisms; the
  ability to bounce back quickly after an insult
• Complexity—the intricate entanglement of two or more systems (e.g., body, family, therapies)
• Participation in care—extent to which patient/family engages in aspects of care
• Resource availability— extent of resources (e.g., technical, fiscal, personal, psychological, and social) the
  patient/family/community bring to the situation
• Predictability—the ability to expect a certain course of events or course of illness
• Vulnerability—susceptibility to actual or potential stressors that may adversely affect patient outcomes

Nurse Competencies of Concern to Patients, Clinical Units, and Systems
• Clinical judgment—clinical reasoning which includes clinical decision making, critical thinking, and a global grasp of
  the situation, coupled with nursing skills acquired through a process of integrating formal and informal experiential
  knowledge and evidence-based guidelines
• Advocacy and moral agency—working on another’s behalf and representing the concerns of the patient/family and
  nursing staff; serving as a moral agent in identifying and helping to resolve ethical and clinical concerns within and
  outside the clinical setting.
• Caring practices—nursing activities that create a compassionate, supportive, and therapeutic environment for patients
  and staff, with the aim of promoting comfort and healing and preventing unnecessary suffering; includes, but is not
  limited to, vigilance, engagement, and responsiveness of caregivers, including family and healthcare personnel.
• Collaboration—working with others (e.g., patients, families, healthcare providers) in a way that promotes/encourages
  each person’s contributions toward achieving optimal/realistic patient/family goals; involves intradisciplinary and
  interdisciplinary work with colleagues and community
• Systems thinking— body of knowledge and tools that allow the nurse to manage whatever environmental and system
  resources exist for the patient/family and staff, within or across healthcare and non-healthcare systems
• Response to diversity—the sensitivity to recognize, appreciate, and incorporate differences into the provision of care;
  differences may include, but are not limited to, cultural differences, spiritual beliefs, gender, race, ethnicity, lifestyle,
  socioeconomic status, age, and values
• Clinical inquiry (innovator/evaluator)—the ongoing process of questioning and evaluating practice and providing
  informed practice; creating practice changes through research utilization and experiential learning
• Facilitator of learning—the ability to facilitate learning for patients/families, nursing staff, other members of the healthcare
  team, and community; includes both formal and informal facilitation of learning

F I G U R E  1 - 1  The synergy model. Synergy results when the needs and characteristics of a patient, clinical 
unit, or system (blue) are matched with a nurse’s competencies (green)
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C A S E  S T U D Y

Mrs. C., an 82-year-old woman, is brought by 
ambulance to the emergency room because she is 
experiencing left-sided weakness and diffi culty with 
speech. Mrs. C., an insulin-dependent diabetic who 
had an acute myocardial infarction 2 years ago, 
lives at home alone but is checked on frequently by 
family members. Mrs. C. has limited fi nancial sup-
port. Today, her granddaughter stopped by to check 
on her and called 911 when she noticed that Mrs. 
C. was having trouble speaking.

In the emergency room, the healthcare team 
assessed Mrs. C.’s neurological status using the 
National Institutes of Health (NIH) stroke scale. CT 
studies were negative for hemorrhagic stroke. She 
was admitted to the critical care unit for ischemic 
stroke.

The critical care nurse performed a bedside 
swallow evaluation prior to administering oral medi-
cation. Based on this evaluation, the nurse decided 
to obtain a speech therapy consult to perform a 
more comprehensive swallow examination. The 
oral medication was held until the evaluation could 
be performed. Mrs. C.’s son arrived at the hospital 
to visit his mother; although he came during non-
visiting hours, the nurse allowed him to visit with 
his mother, and provided him with a pamphlet that 
provided information regarding the critical care unit 
environment, what to expect, and visitation hours. 
Because Mrs. C. is currently unable to make her 
own healthcare decisions, her son provided the 
hospital with a copy of his mother’s power of attor-
ney for healthcare, which identifi ed him as the pri-
mary decision maker.

1. Which patient characteristics are concerns for 
Mrs. C.?

2. By performing the swallow evaluation and obtain-
ing a speech therapy consult, the critical care 
nurse demonstrated which nurse competencies?

3. Allowing Mrs. C.’s son to visit even though his 
visit did not coincide with standard visiting hours 
demonstrates which nurse competencies?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!

The synergy model is used to evaluate the rela-
tionship between clinical practice and outcomes. 
Patient-derived outcomes may include functional 
change, behavioral change, trust, satisfaction, com-
fort, and quality of life. Nurse-derived outcomes 
may include physiological changes, absence of com-
plications, and the extent to which care or treatment 
objectives are attained. Healthcare system–derived 
outcomes may include reduced recidivism, reduced 
costs, and enhanced resource utilization.
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The patient’s experience in a critical care unit 
has lasting meaning for the patient and fam-
ily. Often, it is the caring and emotional support 
given by the nurse that is remembered and val-
ued. A number of authors have sought to study 
and describe patients’ experiences related to their 
stay in a critical care unit. Research has found that 
although many patients recall negative experiences, 
they also recall neutral and positive experiences. 
Negative experiences were related to fear, anxiety, 
sleep disturbance, cognitive impairment, and pain 
or discomfort. Positive experiences were related 
to feelings of being safe and secure and were often 
attributed to the care provided by nurses, specifi -
cally nurses’ technical competence and effective 
interpersonal skills.1 The need to feel safe and the 
need for information were predominant themes in 
other research studies as well.1

Managing Stress and Anxiety
Patients admitted to the critical care unit are sub-
ject to multiple physical, psychological, and envi-
ronmental stressors, as are their family members. 
For example, patients and their families frequently 

perceive admission to critical care as a sign of 
impending death, based on their own past experi-
ences or the experiences of others. In addition, 
the near-constant noise (eg, from equipment and 
alarms), bright lights, and lack of privacy in the crit-
ical care unit are intimidating and stress inducing. 
The body responds to these stressors by activating 
the hypothalamic– pituitary–adrenal axis. The resul-
tant increase in catecholamine, glucocorticoid, and 
mineralocorticoid levels leads to a cascade of physi-
ological responses known as the stress response 
(Fig. 2-1). In critically ill patients, prolonged activa-
tion of the stress response can lead to immunosup-
pression, hypoperfusion, tissue hypoxia, and other 
physiologic effects that impair healing and jeopar-
dize recovery.

Anxiety, pain, and fear can initiate or perpetu-
ate the stress response. Anxiety is an emotional 
state of apprehension in response to a real or per-
ceived threat that is associated with motor tension, 
increased sympathetic activity, and hypervigilance. 
Feelings of helplessness, loss of control, loss of 
function or self-esteem, and isolation can produce 
anxiety, as can a fear of dying. Left untreated or 
undertreated, anxiety can contribute to the morbid-
ity and mortality of critically ill patients.

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Explain the effects of prolonged stress and anxiety and describe measures 
the nurse can take to minimize the amount of stress and anxiety patients and 
family members experience.

2 Describe the critical care nurse’s role in assisting the family through the crisis.
3 Describe strategies to promote sleep in critically ill patients.
4 Discuss alternatives to the use of physical restraints in the critical care unit.

The Patient’s and Family’s 
Experience With Critical Illness
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RED FLAG! It is important to assess patients 
and family members for anxiety. The top fi ve 
physiological and behavioral indicators of anxiety 
are agitated behavior, increased blood pressure, 
increased heart rate, verbalization of anxiety, and 
restlessness.2

Management of stress and anxiety entails elimi-
nating or minimizing the stressors. For the critically 
ill patient, providing supportive care (eg, nutrition, 
oxygenation, pain management, sedatives, and anx-
iolytics) is indicated.3 Mind–body strategies that 
may be employed to lessen stress and anxiety are 
summarized in Box 2-1. Often, the way the nurse 
interacts with the patient and family can have a sig-
nifi cant impact on the amount of stress and anxiety 
they experience. Positive actions the nurse can take 
to minimize stress and anxiety include

• Fostering trust. When patients or family mem-
bers mistrust caregivers, they are more anxious 

because they are unable to feel safe and secure. 
A trusting relationship between the nurse and 
patient can make a difference in the patient’s recov-
ery or facilitating a dignifi ed death. Displaying a 
confi dent, caring attitude; demonstrating techni-
cal competence; and developing effective commu-
nication techniques are strategies that help the 
nurse to foster trusting relationships with both 
patients and family members.

• Providing information. Anxiety can be greatly 
relieved with simple explanations. Critically ill 
patients and their family members need to know 
what is happening at the moment, what will 
happen to the patient in the near future, how 
the patient is doing, and what they can expect. 
Many patients also need frequent explanations 
of what happened to them. These explanations 
reorient them, sort out sequences of events, and 
help them distinguish real events from dreams or 
hallucinations.

stressors 
(neural stimuli)

direct effects
on target
organs

activates 
sympathetic 

nervous system

kidney

adrenal gland

cognitive appraisal
of the stressor

effects contribute to:
increased heart rate
elevated blood pressure
dilated pupils
angina, palpitations

effects contribute to:
elevated blood pressure
decreased urinary output
increased serum glucose

ACTH

pituitary

ACTH

CRF

plasma norepinephrine
and epinephrine

plasma costisol
and aldosterone

possible behaviors/responses

anxiety, fear
increased mental activity
dyspnea
hyperventilation
gastric irritation
tremors
muscle tension
diaphoresis
restlessness
agitation

norephinephrine

norepinephrine

F I G U R E  2 - 1  The stress response. Prolonged stress has 
 far-reaching physiological effects that hinder the body’s 
ability to heal. CRF, corticotropin releasing factor; ACTH, 
adrenocorticotropic hormone.
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• Ensuring privacy. Ensuring privacy while sensi-
tive or confi dential information is being exchanged 
can markedly reduce the anxiety of a patient or 
family member. Healthcare providers are not 
always mindful of their surroundings when dis-
cussing confi dential details of a patient’s case. The 
nurse can direct healthcare providers and family 

members to a quiet room away from the general 
waiting area to afford privacy when discussing 
specifi c patient information.

• Allowing control. Nursing measures that rein-
force a person’s sense of control help increase 
autonomy and reduce the overpowering sense of 
loss of control that can increase anxiety and stress. 

B O X  2 - 1   Mind–Body Techniques for Lessening Anxiety and Stress

• Presencing and reassurance. Presencing, or “just 
being there,” can alleviate distress and anxiety. Nurses 
practice presencing by adopting a caring attitude, pay-
ing attention to the person’s needs, and actively listen-
ing. Reassurance can be provided verbally or through 
caring touch. Verbal reassurance is most appropriate 
for people who are expressing unrealistic or exagger-
ated fears. It is not valuable when it prevents a person 
from expressing emotions or stifl es the need for fur-
ther dialogue.

• Reframing dialogue. Highly anxious people tend to 
give themselves messages that perpetuate their anxi-
ety. For example, a patient may be thinking things 
such as, “I can’t stand it in here. I’ve got to get out.” 
The nurse encourages the person to share his or her 
internal dialogue, and then helps the person replace 
the negative thoughts with constructive, reassuring 
ones (eg, “I’ve been in tough situations before, and 
I’m capable of making it through this one!”). A simi-
lar method can be applied to external dialogues. By 
speaking accurately about the situation to others, the 
person’s own misconceptions about the situation will 
be improved.

• Cognitive reappraisal. This technique asks the per-
son to identify a particular stressor and then reframe 
his or her perception of the stressor in a more posi-
tive light so that the stimulus is no longer viewed as 
threatening.

• Guided imagery. Guided imagery is a way of purpose-
fully diverting or focusing a person’s thoughts. Guided 
imagery can be used to promote relaxation through 
mental escape. The nurse encourages the person to 
imagine being in a very pleasant place or taking part in 
a very pleasant experience. The nurse instructs the per-
son to focus and linger on the sensations that are expe-
rienced, prompting with questions if necessary (eg, 
“What colors do you see?” “What do you hear?” “How 
does the air smell?”). Guided imagery can also be used 
to mentally prepare to meet a challenge (eg, relearning 
how to walk) successfully. When applied in this way, 
the nurse teaches the person to visualize herself mov-
ing through the task and successfully completing it.

• Relaxation training. In progressive relaxation, the 
person is directed to fi nd a comfortable position and 
then to take several deep breaths and let them out 
slowly. Next, the person is asked to clench a fi st or curl 
the toes as tightly as possible, to hold the position for 
a few seconds, and then to let go while focusing on 
the sensations of the releasing muscles. The person 

progresses in this way, tensing and releasing the 
 muscles in a systematic manner throughout the body.

• Deep breathing. People who are acutely anxious 
tend to hold their breath. Diaphragmatic (abdominal) 
breathing may be useful as both a distraction and a 
coping mechanism. To practice diaphragmatic breath-
ing, the person places a hand on the abdomen, inhales 
deeply through the nose, holds the breath briefl y, and 
exhales through pursed lips.

• Music therapy. Music therapy can reduce anxiety, 
provide distraction, and promote relaxation, rest, and 
sleep. It has also been shown to be effective for relax-
ing mechanically ventilated patients. Usually, music 
sessions are 20 to 90 minutes long, once or twice daily. 
Most people prefer music that is familiar to them.

• Humor. Laughter releases endorphins (the body’s 
natural pain relievers) into the bloodstream, and can 
relieve tension and anxiety and relax muscles. The use 
of humor, spontaneous or planned, can help reduce 
procedural anxiety and provide distraction. The nurse 
takes cues from the person regarding the appropriate 
use of humor.

• Massage. Nurses have traditionally used effl eurage 
(slow, rhythmic strokes from distal to proximal areas 
of long muscles such as those of the back or extremi-
ties) to promote patient comfort. Massage can be 
combined with the use of scented oils or lotions (eg, 
lavender to promote relaxation). Not all patients are 
good candidates for massage. For example, massage 
is not appropriate for patients who are hemodynami-
cally unstable.

• Therapeutic touch. In therapeutic touch, the practi-
tioner’s hands move over a patient in a systematic way 
to rebalance the patient’s energy fi elds. Therapeutic 
touch as a complementary therapy has been used suc-
cessfully in acute care settings to decrease anxiety and 
promote a sense of well-being.

• Meridian therapy. Meridian therapy, which originates 
from traditional Chinese medicine, refers to therapies 
that involve an acupoint (eg, acupuncture, acupres-
sure, the activation of specifi c sites with electrical 
stimulation and low-intensity laser).

• Pet (animal-assisted) therapy. Interacting with ani-
mals can provide physical benefi ts (eg, lowered blood 
pressure), as well as emotional ones (eg, increased 
self-esteem). Some facilities allow pets to visits 
their owners. Other facilities participate in formal 
programs wherein volunteer owner–dog teams visit 
patients in the critical care unit.
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The nurse can help the patient and family exert 
more control over the environment by providing 
order and predictability in routines; using antici-
patory guidance; allowing the patient and fam-
ily to make choices whenever possible; involving 
the patient and family in decision making; and 
explaining procedures thoroughly, including why 
the procedure is needed.

Assisting the Family Through 
the Crisis
A critical illness is a sudden, unexpected, and stress-
ful occurrence for both the patient and the family 
that threatens the equilibrium of the family unit. 
During the acute crisis, family members often expe-
rience stress, disorganization, and feelings of help-
lessness that make it diffi cult for them to mobilize 
appropriate coping resources.2 The critical care 
nurse plays a key role in assisting the family through 
this stress response and helping them to adapt to the 
critical care environment. When caring for the fam-
ily, the nurse seeks to (1) provide a human, caring 
presence; (2) acknowledge multiple perceptions; (3) 
respect diversity; and (4) value each person within 
the context of the family.

The way a family reacts to a crisis is diffi cult to 
categorize because reactions depend on the different 
coping styles, personalities, and stress management 
techniques of the family. However, the following 
generalizations usually hold true:

• Whether people emerge stronger or weaker as a 
result of a crisis is based not so much on their 
character, as on the quality of help they receive 
during the crisis.

• People are more open to suggestions and help 
 during an actual crisis.

• With the onset of a crisis, old memories of past 
crises may be evoked. If maladaptive behavior was 
used to deal with previous situations, the same 
type of behavior may be repeated in the face of 
a new crisis. If adaptive behavior was used, the 
impact of the crisis may be lessened.

• The primary way to survive a crisis is to be aware 
of it.

The nurse’s initial interaction with family members 
is extremely important because it helps establish a 
foundation of trust and respect between the nurse 
and family. Taking a few minutes to learn the names 
of family members and their relationship to the 
patient signifi es respect and begins to build a thera-
peutic and trusting relationship. The primary goal 
of the nurse is to assist the family as they deal with 
the crisis phase of this illness by providing con-
sistent and accurate information about the condi-
tion of their loved one. Research has demonstrated 
that up-to-date information is the highest priority 
for family members who are coping with critical 
illness.3

Frequently, the period of illness extends well 
beyond the initial crisis phase and creates additional 
burdens for the patient and the family. The patient 
may experience a slow and unpredictable course with 
periods of organ compromise or failure. Recovery is 
measured in small changes that occur over days and 
weeks. Over time, it may become increasingly diffi -
cult for the family to obtain information and patient 
status reports from the healthcare team. Often, phy-
sician schedules are unpredictable and physician 
visits may not coincide with family member avail-
ability. With protracted critical illness, many fami-
lies struggle to keep the lines of communication 
open to the extended family, creating opportunities 
for confl ict and misinformation. Throughout the 
patient’s illness, it is vitally important for the critical 
care nurse to maintain a link with the family.

RED FLAG! The time the critical care nurse can 
spend with the family is often limited because of 
the crucial physiological and psychosocial needs of 
the patient. Therefore, it is important to make every 
interaction with the family as useful and therapeutic 
as possible.

Identifying and Meeting Family Needs
Nursing assessment of the family seeks to identify 
the family’s strengths as well as the problems they 
are facing. The nursing assessment is comprehen-
sive, exploring family members’ physiological, psy-
chological, and spiritual responses to crisis, as well 
as social, environmental, cultural, and economic 
factors that infl uence the family. The family history 
provides insight into the family’s past experience 
with critical illness, and is helpful for identifying 
family roles and relationships. Identifying a formal 
or informal leader of the family facilitates decision 
making and communication about legal matters (eg, 
obtaining consent, withdrawing life support).

Numerous assessment tools, such as the Critical 
Care Family Needs Inventory (CCFNI), are available 
to aid the nurse in determining the needs and prob-
lems the family faces. Nursing research using these 
tools reveals a great deal of consistency in what 
needs are important to family members (Box 2-2). 
Nursing interventions that help to address the needs 
of a family in crisis are given in Box 2-3. An approach 
to assisting the family with problem-solving is given 
in Box 2-4.

Some families will benefi t from a referral to 
another objective professional with experience in 
critical illness and its impact on the family (eg, a 
mental health clinical specialist, a social worker, 
a psychologist, or a chaplain). Many critical care 
units have such resources available on a 24-hour, 
on-call basis to ensure prompt interventions. The 
nurse can best encourage the family to accept help 
from others by acknowledging the diffi culty and 
complexity of the problem and providing contact 
information for several professionals who will be 
able to assist.
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Facilitating Visitation
Policies regarding visiting hours should be evalu-
ated periodically. Family presence at the bedside 
has been shown to decrease patient and family anxi-
ety, and can have a positive effect on the patient’s 
physiological parameters (eg, intracranial pressure) 
as well. Novel approaches to visitation (eg, chil-
dren accompanied by an adult, animals as part of 

an animal-assisted therapy program) have also been 
shown to have positive effects on patients, including 
increased feelings of happiness and calmness and 
reduced feelings of loneliness.4 These fi ndings sup-
port the need for less restrictive and individualized 
visiting policies for patients and families.

The nurse prepares family members for the ini-
tial visit to the unit by providing explanations of 
the functions of monitors, IV drips, ventilators, and 
other equipment, as well as the meaning of alarms, 
before and during the visit. The nurse also introduces 
the family to the members of the healthcare team 
involved in the patient’s care, providing names, titles, 
and an explanation of responsibilities. Encouraging 
family members to provide direct care to the patient 
(eg, assistance with grooming, eating, or hygiene), 
if they are interested, can help decrease anxiety and 
provide the family with some sense of control.

Managing Family Presence During Invasive 
Procedures and Resuscitation Efforts
Although controversial, family presence dur-
ing invasive procedures and resuscitation efforts 

B O X  2 - 2   Commonly Identifi ed Needs of 
Family Members in Crisis

• The need to feel satisfi ed with the care given
• The need for courteous caregivers who show an 

interest in how the family is doing
• The need to receive information about the patient 

at least once a day, and assurance that someone will 
call the family with any changes

• The need to see the patient frequently and be in close 
proximity to the patient

• The need for honest information about the patient’s 
condition, including information about the patient’s 
prognosis

• The need to have understandable explanations of 
why things are being done

• The need to have physical needs met (eg, a comfort-
able place to wait with easy access to refreshments 
and bathroom facilities)

• The need to have emotional needs met (eg, the need 
to feel that there is hope, the need to share negative 
feelings)

B O X  2 - 3   Nursing Interventions for Care of the 
Family in Crisis

• Convey feelings of hope and confi dence in the 
 family’s ability to deal with the situation.

• Try to perceive the feelings that the crisis evokes in 
the family.

• Demonstrate concern about the patient and family 
and a willingness to help.

• Speak openly to the patient and the family about the 
critical illness.

• Discuss all issues as they relate to the patient specifi -
cally, avoiding generalizations.

• Be realistic and honest about the situation, taking 
care not to give false reassurance.

• Ensure that the family receives information about all 
signifi cant changes in the patient’s condition.

• Mitigate feelings of powerlessness and hopelessness by 
involving families in decision making and patient care.

• Advocate for the adjustment of visiting hours to 
accommodate the needs of the family.

• Locate space near the unit where the family can be 
alone and have privacy.

• Recognize the patient’s and family’s spirituality, and sug-
gest the assistance of a spiritual advisor if there is a need.

B O X  2 - 4   Assisting the Family in Crisis With 
Problem-Solving

1. Identify the problem. Families in crisis are often 
overwhelmed and immobilized by acute stress and 
anxiety. Helping the family to articulate the immedi-
ate problem reduces anxiety by giving family mem-
bers a clearer understanding of what is happening, 
and facilitates the planning of goal-directed activities.

2. Identify available support systems. Asking fam-
ily members to identify the person to whom they 
usually turn when they are upset, and encouraging 
them to seek assistance from that person now, helps 
direct the family back to the normal mechanisms 
for handling stressful issues. Few families are truly 
without resources; rather, they only have failed to 
recognize and call on them.

3. Focus on feelings. During the diffi cult days of the 
critical illness, the family may become dependent on 
the judgment of professionals. It is important that 
the nurse acknowledges the family’s feelings and rec-
ognizes the complexity of the problem, while empha-
sizing the responsibility each member of the family 
has for his or her feelings, actions, and decisions. 
The nurse encourages family members to refl ect on 
their feelings and practices by using active listening.

4. Identify steps. Once the problem has been defi ned 
and the family begins goal-directed activities, the 
nurse may help further by asking the family members 
to identify the steps that they must take to achieve 
those goals. For example, sometimes the nurse must 
help family members recognize that returning home 
to rest is an important step for maintaining their own 
health and ability to help the patient.
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is becoming more common. In light of current 
research, it has demonstrated positive benefi ts for 
family members. When family members were inter-
viewed, 97.5% believed that family presence was a 
right, 100% said they would repeat family presence 
in the same situation again, 95% believed that their 
presence helped the patient, even if the patient was 
unconscious, and 95% said it helped them real-
ize the seriousness of the patient’s condition.5 In 
the event of the patient’s death, family members 
have reported that being present during resusci-
tation efforts was helpful during the bereavement 
process.3

However, many healthcare providers are uncom-
fortable with family presence during resuscitation 
efforts, due to concerns about litigation, making 
a mistake, or that caring for family members may 
take time and attention away from the patient. 
The American Association of Critical-Care Nurses 
(AACN) recommends that each facility establish pol-
icies and procedures for handling family  presence 
during resuscitation.6 Every effort must be made to 
have a knowledgeable person present to explain to 
the family what measures are being implemented 
and the rationale. Protocols must also be in place to 
escort family members from the room if the health-
care team cannot perform resuscitative measures 
effectively.

Facilitating Family Conferences
As a patient and family advocate, the nurse pro-
vides accurate information and shares the plan of 
care with the family. The nurse may arrange for a 
family conference to provide a forum for health-
care providers and family members to share infor-
mation in an organized way. During the family 
conference, the healthcare team provides infor-
mation about the condition of the patient and the 
patient’s prognosis and reviews recommendations 
for care. Family conferences facilitate open com-
munication and are often useful for dispelling 
misinformation and misconceptions about the 
patient’s progress. Family conferences also serve 
as a forum for exploring how family members may 
wish to participate in determining treatment goals 
for the patient.5

Consensus among providers is an important 
step before presenting treatment options and 
 recommendations.3 Providing confl icting informa-
tion creates confusion for everyone involved and 
may lead families to request nonbenefi cial inter-
ventions. Box 2-5 describes the nurse’s role before 
and after the family conference5 and Box 2-6 
describes how to facilitate communication during 
a family conference. Encouraging the family to be 
active participants during the family conference 
increases their level of satisfaction and improves 
the quality of communication among providers 
and families.7

B O X  2 - 5   The Nurse’s Role Before and After 
the Family Conference

Before the Conference
• Explain the medical equipment and therapies that 

are being used in the care of the patient to the family.
• Tell the family what to expect during their confer-

ence with the healthcare team members.
• Talk with the family about their spiritual or religious 

needs and take actions to address unmet spiritual or 
religious needs.

• Talk with the family about specifi c cultural needs 
and take actions to address unmet cultural needs.

• Talk with the family about what the patient values in life.
• Talk with the family about the patient’s illness and 

treatment.
• Talk with the family about their feelings.
• Reminisce with the family about the patient.
• Tell the family it is all right to talk to and touch their 

loved one.
• Discuss with the family what the patient might have 

wanted if he or she were able to participate in the 
treatment decision-making process.

• Locate a private place or room for the family to talk 
among themselves.

After the Conference
• Talk with the family about how the conference went.
• Talk with any other healthcare team members 

who were present at the conference about how the 
 conference went.

• Ask the family if they had any questions following 
the conference.

• Talk with the family about their feelings.
• Talk with the family about any disagreement among 

the family concerning the plan of care.
• Talk with the family about changes in the patient’s 

plan of care as a result of the conference.
• Support the decisions the family made during the 

conference.
• Reassure the family that the patient will be kept 

comfortable.
• Tell the family it is all right to talk to and touch their 

loved one.
• Locate a private place or room for the family to talk 

among themselves.

From Curtis JR, Patrick DL, Shannon SE, et al.: The family con-
ference as a focus to improve communication about end-of-life 
care in the intensive care unit: Opportunities for improvement. 
Crit Care Med 29(2 suppl):N26–N33, 2001.

RED FLAG! The nurse should have the patient’s 
permission before giving confi dential medical 
information to family members. If that is not possible 
because of the patient’s condition, the patient’s 
next of kin should be identifi ed as the person who 
may receive confi dential information. The names of 
those family members approved to receive medical 
information about the patient should be recorded in 
the patient’s medical record.8
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B O X  2 - 6   Facilitating Communication During a Family Conference

Before the Conference
• Review previous knowledge of the patient and family.
• Review previous knowledge of the family’s attitudes 

and reactions.
• Review your knowledge of the disease—prognosis, 

treatment options.
• Examine your own personal feelings, attitudes, biases, 

and grieving.
• Plan the specifi cs of location and setting: a quiet, 

 private place.
• Discuss with the family in advance about who will be 

present.

During the Conference
• Introduce everyone present.
• If appropriate, set the tone in a nonthreatening way: 

“This is a conversation we have with all families…”
• Discuss the goals of the specifi c conference.
• Find out what the family understands.
• Review what has happened and what is happening to 

the patient.
• Discuss prognosis frankly in a way that is meaningful 

to the family.
• Acknowledge uncertainty in the prognosis.
• Review the principle of substituted judgment: “What 

would the patient want?”

• Support the family’s decision.
• Do not discourage all hope; consider redirecting 

hope toward a comfortable death with dignity if 
appropriate.

• Avoid the temptation to give too much medical detail.
• Make it clear that withholding life-sustaining treat-

ment is not withholding caring.
• Make explicit what care will be provided including 

symptom management, where the care will be deliv-
ered, and the family’s access to the patient.

• If life-sustaining treatments will be withheld or with-
drawn, discuss what the patient’s death might be like.

• Use repetition to show that you understand what the 
patient or family is saying.

• Acknowledge strong emotions and use refl ection to 
encourage patients or families to talk about these 
emotions.

• Tolerate silence.

At the Conclusion of the Conference
• Achieve common understanding of the disease and 

treatment issues.
• Make a recommendation about treatment.
• Ask if there are any questions.
• Review the follow-up plan and make sure the family 

knows how to reach you for questions.

From Curtis JR, Patrick DL, Shannon SE, et al.: The family conference as a focus to improve commu-
nication about end-of-life care in the intensive care unit: Opportunities for improvement. Crit Care Med 
29(2 suppl):N26–N33, 2001.

Practicing Cultural Sensitivity
Culturally competent nursing care is defi ned as 
being sensitive to issues related to culture, race, 
gender, sexual orientation, social class, and eco-
nomic situation.3 In addition, culturally competent 
nursing considers the family structure and gender 
role as it relates to the patient. Health and illness 
beliefs are deeply rooted in culture. How a patient or 
family member responds to the diagnosis or a pro-
posed treatment may be strongly infl uenced by his 
or her values and culture. During initial assessment, 
the critical care nurse obtains several key pieces of 
information regarding the patient’s cultural beliefs 
(Box 2-7). Astuteness and sensitivity on the part of 
the critical care nurse are required to ensure that 
the highly technologic, illness-focused critical care 
environment does not clash with the patient’s and 
family’s cultural beliefs and values. Because individ-
ual responses and values may vary within the same 
culture, the nurse takes care to recognize the patient 
and family members as individuals within the cul-
tural context.

Supporting Spirituality
Spirituality speaks to the manner by which a person 
seeks meaning in his or her life, and experiences 

B O X  2 - 7   Key Pieces of Information to Obtain 
as Part of the Cultural Assessment

• Place of birth
• Length of time in this country
� Does the patient live in an ethnic community?
� Who are the patient’s major support people?

• Primary and secondary languages (speaking and 
reading ability)

• Religious practices
• Health and illness beliefs and practices
• Communication practices (verbal and nonverbal)
• How decisions are made in the context of the patient 

and family

Adapted from Lipson JG: Culturally competent nursing care. In 
Lipson JG, Dibble SL, Mainarik PA (eds): Culture and Nursing 
Care: A Pocket Guide. San Francisco, UCSF Nursing Press, 2005, 
pp 1–6.

connectedness with the universe at large. Spirituality 
is intrinsically related to a person’s beliefs and val-
ues, and for some people, it has a religious compo-
nent. The nurse assesses the patient’s and family’s 
spiritual belief systems and assists the patient and 
family in recognizing and drawing on the values 
and beliefs they already hold. Critical illness may 
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deepen or challenge existing spirituality. During 
these times, it may be useful to call on a spiritual or 
religious leader, hospital chaplain, or pastoral care 
representative to help the patient and family make 
meaningful use of the critical illness experience.

Preparing the Patient and Family for 
Discharge
As the patient’s condition improves and plans for 
transfer to a lower acuity area are discussed with 
the healthcare team, the critical care nurse must 
prepare the patient and family for the eventual dis-
charge from the unit. This milestone in recovery is 
typically viewed by the patient and family in one of 
two ways. If the patient and family believe that the 
patient’s condition has improved suffi ciently and 
that the intensity of critical care is no longer nec-
essary, then this step is viewed in a positive light. 
However, if they believe that the depth of nursing 
support and level of monitoring on a lower acu-
ity unit are inadequate to meet the needs of the 
patient, there may be resistance to the transfer pro-
cess. Providing information about the new unit’s 
routine, staffi ng patterns, and visiting hours before 
making the transfer can help mitigate some of the 
negative feelings and anxiety associated with the 
change.3

Once the transfer has been made, it is important 
that the receiving nurse further assist the patient 
and family with adjusting to the new routine. The 
nurse begins by acknowledging the normal anxi-
ety that accompanies the transfer process, and 
emphasizes that the transition is a positive stage 
in the recovery process. The nurse also reassures 
the patient and family that even though the inten-
sity of treatment has changed, staff members are 
trained to anticipate the patient’s needs and will 
respond appropriately to changes in the patient’s 
status. Once the patient’s and family’s initial anxiety 
diminishes, the nurse can begin to set new self-care 
goals and expectations based on assessment of the 
patient.

Promoting Rest and Sleep for the 
Critically Ill Patient
Sleep deprivation is common in critically ill patients, 
due to environmental factors, anxiety, pain, medi-
cation side effects, and therapeutic interventions 
that disrupt sleep. Secretion of melatonin (a hor-
mone that facilitates sleep) is inhibited by light and 
stimulated by darkness; the constant, high-intensity 
lighting typical of the critical care unit disrupts 
this normal rhythm. Sleep deprivation contrib-
utes to stress and, if prolonged, can lead to altered 
cognition, confusion, and diffi culty with ventilator 
weaning.

B O X  2 - 8   Nursing Interventions for Promoting 
Sleep

• Ensure the patient is comfortable (eg, manage 
pain, use pillows to ensure a comfortable 
position).

• Schedule care and procedures (eg, labs, x-rays) to 
disrupt sleep as little as possible.

• Try to orient the patient to normal sleep–wake cycles 
as much as possible. Provide large clocks and calen-
dars, and dim the lights at bedtime.

• Make an effort to control noise, especially during the 
evening hours: decrease noise from televisions and 
talking, post signs to alert others to the need to be 
quiet (eg, “Patient Sleeping”).

• Ensure privacy by closing the door and pulling the 
curtains (if possible).

• Institute a bedtime routine (eg, brushing teeth, 
washing face). As part of the bedtime routine, 
 consider providing a 5-minute massage.

• At bedtime, provide information to lower anxiety. 
Review the day together, remind the patient of prog-
ress made toward recovery, and explain what to 
expect for the next day.

• Employ anxiety-reducing strategies (eg, relaxation 
techniques, guided imagery, music therapy).

The nurse assesses the amount and quality of 
the patient’s sleep, and intervenes to facilitate rest 
and sleep (Box 2-8). The patient’s own report of 
sleep quality is the best measure of sleep adequacy. 
A visual analog scale is recommended to evaluate 
sleep quality in select patients at high risk for sleep 
disruption owing to an extended stay on the critical 
care unit.9 Some situations (eg, mechanical ventila-
tion) make a self-report of sleep quality diffi cult to 
obtain. If a self-report is unobtainable, systematic 
observation has been shown to be somewhat valid 
and reliable.9

Using Restraints in Critical Care
Physical restraints must occasionally be used for 
patients in critical care to prevent potentially seri-
ous disruptions in therapy resulting from acciden-
tal dislodgment of endotracheal tubes, IV lines, 
and other invasive therapies; to prevent falls; and 
to manage disruptive behavior. However, the use 
of restraints can increase agitation and puts the 
patient at risk for other potentially serious inju-
ries, including falls, fractures, and strangulation. 
Alternatives to physical restraints must always be 
sought and tried fi rst (Box 2-9). Standards on phys-
ical restraint use are published and monitored by 
the Joint Commission and the Centers for Medicare 
and Medicaid Services. These standards are sum-
marized in Box 2-10.
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B O X  2 - 9   Alternatives to Physical Restraints

Environmental Modifi cations
• Keep the bed in the lowest position.
• Minimize the use of side rails to what is needed for 

positioning.
• Optimize room lighting.
• Activate bed and chair exit alarms where available.
• Remove unnecessary furniture or equipment.
• Ensure that the bed wheels are locked.
• Position the call light within easy reach.
• Ensure that the patient has needed vision and hearing 

aids.

Therapeutic Interventions
• Frequently assess the need for treatments and discon-

tinue lines and catheters at the earliest opportunity.
• Orient the patient to invasive medical equipment. 

Help the patient explore the equipment by guiding 
the patient’s hand over it. Explain the purpose of the 
equipment, as well as the meaning of any alarms that 
may sound.

• Disguise treatments, if necessary (eg, keep IV solution 
bags out of the patient’s fi eld of vision, apply a loose 
stockinette or long-sleeved gown over IV sites).

• Ensure comfort by meeting the patient’s physical 
needs (eg, frequent toileting, skin care, pain manage-
ment, hypoxemia management, positioning).

• Mobilize the patient as much as possible.
• Allow the patient to make choices and exert some 

degree of control when possible.

Diversionary Activities
• Enlist family members or volunteers to provide 

 company and diversion.
• Facilitate solitary diversionary activities (eg, music, 

videos or television, audio books).

Therapeutic Use of Self
• Use calm, reassuring tones.
• Introduce yourself and let the patient know he or she 

is safe.
• Find an effective method of communicating with 

 intubated or nonverbal patients.
• Reorient patients frequently by explaining treatments, 

medical devices, care plans, activities, and unfamiliar 
sounds, noises, or alarms.

B O X  2 - 1 0   Summary of Care Standards 
Regarding Physical Restraints

Initiating Restraints
• Restraints require the order of a licensed indepen-

dent practitioner who must personally see and evalu-
ate the patient within a specifi ed time period.

• Restraints are used only as an emergency measure 
or after restraint alternatives have failed. (The 
restraint alternatives that were tried and the patient’s 
responses to them are documented.)

• Restraints are instituted by staff who are trained and 
competent to use restraints safely. (A comprehensive 
training and monitoring program must be in place.)

• Restraint orders must be time limited. (A patient must 
not be placed in a restraint for longer than 24 hours, 
with reassessment and documentation of continued 
need for restraint at more frequent intervals.)

• Patients and families are informed about the ratio-
nale for the use of the restraint.

Monitoring Patients in Restraints
• The patient’s rights, dignity, and well-being are 

protected.
• The patient is assessed every 15 minutes by trained 

and competent staff.
• The assessment and documentation must include 

evaluation of the patient’s nutrition, hydration, 
hygiene, elimination, vital signs, circulation, range 
of motion, injury due to the restraint, physical and 
psychological comfort, and readiness for discontinu-
ance of the restraint.

C A S E  S T U D Y

Ms. J. is a 40-year-old pregnant woman who 
is admitted to the hospital at 34 weeks, 5 days 
of gestation with complaints of vaginal bleeding, 
painful contractions, and nausea and vomiting. 
Until this time, she has received routine prenatal 
care, and the pregnancy has been uneventful. 
Before her admission to the hospital, she was 
eating lunch at work when she felt a “pop” in her 
abdomen; shortly afterward, her symptoms began. 
She states that the last time she felt fetal move-
ment was earlier in the morning. At the hospital, 
an external fetal monitor and portable ultrasound 
detect no fetal heart tones. There is blood in the 
vaginal vault and no active bleeding, and the cervix 
is long and closed.

Ms. J. is admitted to the labor and delivery unit 
with the diagnosis of a fetal death in utero, prob-
ably due to an abruption of the placenta, and the 
plan is to deliver her by induction of labor. Shortly 
after admission, she complains of increasing pel-
vic pressure. Examination reveals that she is fully 
dilated, and she spontaneously delivers a stillborn 
male child. Delivery of the placenta, as well as a 
250-mL clot, follows, confi rming the diagnosis of 
placental abruption. Despite administration of med-
ications to assist the uterus to contract and control 
bleeding, Ms. J. begins to bleed steadily. Clinicians 
decide to perform dilation and curettage (D&C). 
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Following the D&C, Ms. J.’s uterus becomes well 
contracted, bleeding decreases, and coagulation 
parameters begin to improve. Her estimated blood 
loss is 8000 mL.

Ms. J. begins to bleed again later that evening 
and is again transferred to the operating room, 
where a uterine artery embolization is performed. 
Ventilation becomes diffi cult, and she is intubated. 
She is transferred to the critical care unit for 
closer surveillance, ventilatory support, and fl uid 
resuscitation. Clinicians make an additional diag-
nosis of disseminated intravascular coagulation 
(DIC). Ms. J.’s husband stays with Ms. J. through-
out the night during her fi rst 2 days the critical 
care unit. On day 3, Ms. J. is extubated and is 
hemodynamically stable. She is transferred to the 
progressive care unit after she is weaned from 
the ventilator.

1. Mr. J. stayed at his wife’s bedside throughout her 
fi rst 2 days in the critical care unit. How does this 
demonstrate the critical care staff’s commitment 
to meeting both the patient’s and the family’s 
needs?

2. Describe actions the critical care nursing staff 
can take to ensure that Ms. J. and her husband 
view this diffi cult time in their lives in the most 
positive way possible.

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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In the critical care setting, it is always a challenge 
to meet the educational needs of patients and fami-
lies because of the life-threatening nature of criti-
cal illness. The nurse must deal with the anxiety and 
fear that is associated with a diagnosis of critical 
illness while trying to teach diffi cult concepts in an 
environment that is poorly suited to learning. In the 
current healthcare environment, it is not unusual 
for a patient to be discharged home directly from 
the critical care unit, placing even greater responsi-
bility on the patient and family to provide for com-
plex care at home and further increasing the need 
for adequate patient and family education.

Recognizing and Managing Barriers to 
Learning
Several factors can present barriers to learning, 
including the illness itself and interventions to man-
age it, emotional and environmental distractions, 
language barriers, and sensory defi cits.

Effects of Critical Illness and Therapeutic 
Interventions
Altered metabolic responses, exposure to general 
anesthesia, use of cardiopulmonary bypass, epi-
sodes of hypoxia, and marked sleep deprivation can 
compromise mental acuity and decrease a person’s 
learning capacity and recall. In addition, combat-
ing a severe illness consumes most of the patient’s 
energy, leaving little energy left to devote to learning.

Emotional and Environmental 
Distractions
The critical care nurse must be very sensitive to the 
heightened anxiety that accompanies an admission 
to the critical care unit. This anxiety can markedly 
reduce the ability of the patient and family to con-
centrate and focus attention on learning. Conveying 
information in a concise, clear manner and avoid-
ing long, tedious explanations can help patients and 
family members focus on the information they are 

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe barriers to learning and ways to manage them.
2 Describe the assessment of learning in the critical care environment.
3 Describe how the three domains of learning and the six principles of adult 

learning can be used when developing a teaching plan.
4 Explain the importance of evaluating the effectiveness of teaching and 

learning.

Patient and Family Education in 
Critical Care

18

Morton_Chap03.indd   18Morton_Chap03.indd   18 2/4/2012   2:23:56 PM2/4/2012   2:23:56 PM



Patient and Family Education in Critical Care C H A P T E R  3 19

being given. Even so, intense anxiety may cause 
patients and families to forget much of this informa-
tion, so the nurse must be prepared to repeat infor-
mation and answer identical questions repeatedly.

The environment itself also poses many dis-
tractions. Actions such as closing the door to the 
patient’s room, placing a comfortable chair at the 
bedside, and reducing the alarm volumes on bedside 
equipment can minimize the number of interrup-
tions and may improve the learner’s ability to focus 
on the topic of a teaching session.

Language Barriers
An inability to speak or read English can pose a major 
obstacle to patient and family education, especially 
in the stressful critical care environment. A medical 
interpreter must be obtained for patients and family 
members who do not speak English. Asking a friend 
or family member to translate is inappropriate and 
can pose many problems:

• Complex medical information and terminology 
may be unfamiliar to the person translating.

• It may be diffi cult for a family member or friend to 
translate without bias.

• In many cultures, decision making is assumed 
by the eldest member of the family, and asking 
another family member to interpret medical infor-
mation may disrupt the social order of the family.1

• Having a family member or friend translate per-
sonal medical information may be awkward 
for the patient, the family member or friend, or 
both. It may also represent a breach of patient 
confi dentiality.

Guidelines for communicating through an inter-
preter are given in Box 3-1.

Patients and family members who speak English 
may still struggle with reading the language. The 
nurse should not assume that a document such as a 
consent form is clearly understood when it is returned 
signed and unquestioned; the document may be writ-
ten beyond the patient’s reading and comprehension 
level. Written educational material should always be 
in the active voice and targeted for a fi fth- to eighth-
grade reading level.2 In addition, the nurse should 
verbally review any written material with the patient 
or family in case they are unable to read the docu-
ment and are too embarrassed to admit it.

Sensory Defi cits
Effective education for deaf and hearing-impaired 
patients and families necessitates planning and 
additional resources. The nurse asks deaf or hear-
ing-impaired patients or family members about 
their preferred mode of communication (eg, sign 
language, written notes, lip reading, oral interpret-
ers, or other assistive devices).3 To ensure that deaf 
or hearing-impaired patients or family members can 
communicate concerns and questions effectively, an 
oral interpreter should be used for the discussion 

of treatment options; to provide background infor-
mation before obtaining informed consent for pro-
cedures, blood administration, or surgery; and to 
explain discharge instructions.

Vision impairment must also be taken into con-
sideration when preparing written resources for the 
patient and family (Box 3-2).

Providing Patient and Family 
Education
Patient and family education entails more than just 
providing an educational brochure or turning on an 
instructional video; it is an interactive process based 

B O X  3 - 1   Guidelines for Communication Using 
an Interpreter

• Before the session, meet with the interpreter to give 
background information and explain the purpose of 
the session.

• If possible, have the interpreter meet with the patient 
or family to determine their educational level, 
healthcare beliefs, and healthcare attitudes to plan 
the depth of information needed.

• Speak in short units of speech and avoid long expla-
nations and use of medical jargon, abbreviations, 
and colloquialisms.

• When speaking, look directly toward the patient and 
family members, not at the interpreter. Watch the 
patient’s and family members’ body language and 
nonverbal communication response.

• Be aware that interpreted interviews take a long 
time to complete and may become tiresome for the 
patient.

• Written instructions should also be translated and 
reviewed in the presence of an interpreter so that 
any questions can be addressed immediately.

• Have the patient and family members validate the 
information given to them through the interpreter, to 
make sure that they understand the instructions or 
message that has been given.

B O X  3 - 2   Guidelines for Preparing Printed 
Educational Materials

• Use a large font (12 point or greater).
• Use a serif font (eg, M) instead of a sanserif font 

(eg, M).
• Avoid script or stylized fonts.
• Avoid the use of all uppercase letters, except in 

headings.
• Keep line lengths short (eg, less than 5 in).
• Use a matte, rather than a glossy, paper to cut down 

on glare.
• Use black ink on plain white or off-white paper.
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on a therapeutic relationship. Frequently, assess-
ment of learning needs and the provision of infor-
mation are integrated naturally into the process of 
providing care. Teachable moments, which often 
occur during the course of providing routine patient 
care, are those instances when the nurse and learner 
together recognize the need for education and the 
learner is open to hearing information and learn-
ing new problem-solving skills.1 Patient and family 
teaching encompasses many areas (Box 3-3).

Assessing Learning Needs
Assessment is a dynamic and ongoing process, pro-
viding the critical care nurse with many opportunities 
to meet the learning needs of patients and families. 
Understanding the learning needs of patients and 
families does not require a protracted interview or 

use of formal assessment tools with overly generic 
questions about health beliefs and learning styles. 
It is better to use an informal style and open-ended 
dialogue to establish what the patient and family 
“need to know.” Use of open-ended questions such as 
“What is your understanding of your mother’s condi-
tion?” or “What did the physician tell you about the 
surgery?” gives the nurse a starting point for teach-
ing. It also validates whether the patient or family 
member clearly understands previous explanations 
given by other members of the healthcare team. It 
may be necessary for the nurse to bridge the knowl-
edge gap between the physician’s explanation and 
the patient’s or family member’s baseline knowledge 
of medical terminology and concepts. Assessing the 
person’s level of education and degree of “health lit-
eracy” can help the nurse tailor information to the 
patient’s or family member’s level of understanding. 
This is particularly important within the critical 
care setting, where healthcare problems are often 
complex and patients or family members are often 
required to make urgent decisions about care.4

Developing Effective Teaching Strategies
Successful teaching plans take into account basic 
principles of adult learning (Table 3-1). Considering 
the three domains of learning while developing a 
teaching plan also assists the nurse in selecting suit-
able teaching methods (Fig. 3-1):

• The cognitive domain is concerned with the 
 acquisition and application of knowledge. 
Teaching methods that are used in the cogni-
tive domain seek to develop the knowledge that 

B O X  3 - 3   Content Areas for Patient and 
Family Education

• The pathophysiology of the patient’s illness
• Diagnostic studies (purpose, method of performing, 

preparation, and follow-up)
• The treatment plan
• Medications (purpose, desired and adverse effects, 

safe administration)
• Pain management techniques
• Medical equipment (purpose, safe and effective use)
• Rationale for restraint or seclusion
• Future and ongoing care (eg, information about 

step-down unit, available community resources)

TA B L E  3 - 1 Six Principles of Adult Learning

Principle Underlying Concept Teaching Strategy

The need to know Adults need to understand why they need to learn 
something before they are willing to commit the 
energy and time to learn it.

Ensure that the learner understands why 
the information is important to learn.

The learner’s 
self-concept

Adults are self-directed and responsible for their 
own decision making. In general, adults resent 
the feeling that others are making choices for 
them.

Create learning situations that are more 
self-directed and independent.

The learner’s life 
experience

Adults have accumulated many experiences 
over the course of their lives, and these life 
experiences defi ne and shape adult beliefs, 
values, and attitudes.

Emphasize experiential techniques (eg, 
case studies, simulation, problem-solving 
exercises) and techniques that draw 
on the experiences of peers (eg, group 
learning).

Readiness to learn Adults are ready to learn the things they need to 
know.

Help the learner see how the information is 
applicable to real-life situations.

Orientation to 
learning

Adults are motivated to learn if the information will 
help them to perform useful tasks or to deal with 
problems in their life.

Help the learner see how the information is 
applicable to real-life situations.

Motivation to learn Adults are more motivated by internal forces 
such as improved quality of life, increased job 
satisfaction, and improved self-esteem.

Help the learner see how the information 
will meet these needs.

Adapted from Meleis A, Isenberg M, Koerner J, et al.: Diversity, Marginalization, and Culturally Competent 
Health Care: Issues in Knowledge Development. Washington, DC: Academy of Nursing, 2000.
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provides a basis for understanding the situation or 
modifying behavior.5

• The affective domain is concerned with the acqui-
sition or modifi cation of values, attitudes, and 
behaviors.5 Values and attitudes infl uence what 
the patient considers important enough to learn as 
well as the patient’s willingness to learn. Exercises 
that allow the learner to consider different points 
of view or behaviors (eg, role playing, group learn-
ing activities) are often used when appealing to the 
affective domain.

• The psychomotor domain is concerned with the 
development of motor skills (eg, learning how to 
inject insulin). Step-by-step demonstrations, vid-
eos, simulations, and the opportunity to practice 
and demonstrate the newly acquired skill are 
teaching methods employed in the psychomo-
tor domain. Learning new skills is intimidating 
to many adults; therefore, it is important that the 
nurse provide praise and encouragement with 
each teaching session.

RED FLAG! Learning is best accomplished 
when the message is consistent and the knowledge 
progresses from simple to more complex concepts.

Evaluating Teaching and Learning
Evaluation of teaching and learning is an essential 
component of the healthcare continuum. Evaluation 
helps the nurse determine the adequacy of instruc-
tion by revealing knowledge gaps and elements of 
the teaching plan that are not working.6 Setting 

unrealistic educational goals hinders learning and 
frustrates both the nurse and the learner. A teaching 
plan that is ineffective, poorly timed, or not meeting 
the learner’s needs must be altered.

Immediate feedback can be gained by asking 
questions to validate the learner’s grasp of the 
information presented. The nurse avoids using 
leading questions to achieve a desired answer. 
Phrasing questions as a request for help (eg, “Can 
you repeat back to me what I just told you so I 
can make sure I didn’t forget anything?”) is often 
less intimidating than quizzing the learner. Direct 
observation of newly learned skills is also part 
of the evaluation. Cultivating a relaxed, positive 
learning environment and developing a good rap-
port with the patient or family member can help 
minimize the self-consciousness many adults feel 
when asked to perform a newly acquired skill in 
front of others.

Documenting
The Joint Commission’s patient care standards 
place an emphasis on patient and family education. 
The goal of these educational standards is to guide 
hospitals to create an environment in which both 
the patient and the healthcare team members are 
responsible for teaching and learning. The medical 
record should refl ect an interdisciplinary approach 
toward patient education that begins on admis-
sion and continues throughout the hospital stay. 
Components of teaching documentation are given 
in Box 3-4.

COGNITIVE

Activities
Lecture
Independent study
  (books, videos,
  on-line modules)
Question and
  answer

Action Words
Listening
Indentifying
Locating
Labeling
Summarizing
Selecting

PSYCHOMOTOR

Activities
Skill
demonstration
  (live, video)
Simulation
Return
demonstration
  and repeated
  practice

Action Words
Assembling
Changing
Emptying
Filling
Adding
Removing

AFFECTIVE

Activities
Role playing
Group activities
Question and
  answer

Action Words
Advocating
Supporting
Refusing
Defending
Debating

F I G U R E  3 - 1  Teaching methods based on the domains of learning.
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Although it may be diffi cult for critical care 
nurses to think in terms of teaching plans and inter-
disciplinary learning because critically ill patients 
require so much care just to maintain physiological 
function, it is important to remember that much of 
the teaching the nurse does is informal. Every time 
nurses explain what they are doing and why they 
are doing it, they are providing a form of education! 
This type of informal instruction meets the Joint 
Commission standard for patient education, and 
should be documented.

B O X  3 - 4   Components of Teaching 
Documentation

• Participants (Who was taught?)
• Content (What was taught?)
• Date and time (When was it taught?)
• Patient status (What was the patient’s condition at 

the time?)
• Patient’s readiness to learn (Was the patient open to 

receiving the information?)
• Evaluation of learning (How well did the learner 

appear to understand the information?)
• Teaching methods (How was the patient taught?)
• Follow-up and learning evaluation (If teaching was 

incomplete, what was the reason? What additional 
education needs does the patient have?)

twice a day; carvedilol, 25 mg twice a day; digoxin, 
0.25 mg daily; amlodipine, 5 mg daily; furosemide, 
40 mg daily; and milrinone, 0.50 μg/kg/min. She is 
also on a low-sodium diet and fl uid restriction. This 
morning her vital signs are as follows: temp, 98.2°F 
(36.8°C); BP, 90/52 mm Hg; HR, 120 beats/min; RR, 
28 breaths/min; and pulse oximetry, 92% on 2 L by 
nasal cannula. Telemetry reveals sinus tachycardia 
with frequent premature ventricular contractions. 
Crackles are present in both lung bases. Laboratory 
results are as follows: K+, 2.9 mEq/L; BUN, 45 mg/dL; 
creatinine, 2.0 mg/dL; brain natriuretic peptide, 
50 pg/mL; troponin, 0.02 ng/mL; WBCs, 9.0 × 103 mL; 
hemoglobin, 10.0 g/dL; and hematocrit, 30.3%.

During morning report, the nurse coming onto 
the unit learns that Ms. V. has been refusing the 
medications, stating that they are making her “feel 
bad.” She has also been refusing the prescribed 
low-sodium diet, preferring instead food brought 
to her by a relative. Much of the food the relative 
brings is high in calories and sodium.

1. Formulate a teaching plan for Ms. V. and her 
 family. What should the nurse address, and in 
what order? What measures can the nurse use to 
evaluate the effectiveness of the teaching plan?

2. What strategies might help the nurse implement 
the teaching plan effectively?

3. What is the best way for the nurse to communi-
cate through an interpreter?
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questions and more!

C A S E  S T U D Y

Ms. V. is a 19-year-old Hispanic woman who 
has been admitted to the critical care unit from the 
delivery room for an episode of acute pulmonary 
edema that developed during the birth of her fi rst 
child. She has recently immigrated to the United 
States from Central America, and she speaks very 
little English. Through an interpreter, it is  determined 
that she has received no prenatal care and is taking 
no medications. She denies any past medical prob-
lems, but she has never seen a physician before. 
She denies using tobacco, alcohol, or drugs.

Physical examination reveals an enlarged heart, 
presence of an S3 and S4, and a murmur of mitral 
regurgitation. A chest radiograph demonstrates 
marked cardiac enlargement. A transthoracic echo-
cardiogram reveals severe left ventricular enlarge-
ment and dysfunction; ejection fraction is estimated 
at 35% (normal is 50% to 70%). Based on the 
results of these tests, Ms. V. is diagnosed with 
 peripartum cardiomyopathy.

Ms. V. is currently on the cardiac step-down unit 
receiving the following medications: enalapril, 5 mg 
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O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Compare and contrast mechanisms of trauma injury.
2 Describe phases of initial assessment and related care of the trauma patient.
3 Discuss the assessment and management of patients with thoracic, 

abdominal, musculoskeletal, and maxillofacial trauma.

C H A P T E R
Ethical and Legal Issues in 
Critical Care Nursing4

In the complex arena of critical care, questions 
regarding the appropriate use of technology and 
information abound and crucial decisions about 
life and death are made with striking frequency 
and urgency. Although advancements in healthcare 
technology and information provide indisputable 
benefi ts, these same advancements also raise pro-
found ethical and legal challenges. The nurse relies 
on an understanding of ethical principles and legal 
requirements to make sound decisions.

Ethics in Critical Care
“Ethics” can be defi ned as a set of principles of right 
conduct or a system of moral values. Ethics help us 

to answer questions about what is right or good, or 
what ought to be done in specifi c situations. Several 
general approaches to ethics exist (Box 4-1). Ethical 
analysis helps the nurse to clarify moral issues and 
principles involved in a situation, examine his or 
her responsibilities and obligations, and provide an 
ethically adequate rationale for any decision made 
or action taken.

Informed clinicians and clear organizational 
policies help to prevent and resolve ethical 
dilemmas in healthcare organizations. The Joint 
Commission requires policy statements and guide-
lines addressing issues such as the resolution of 
ethical dilemmas, informed consent, use of sur-
rogate decision makers, decisions about care and 
treatment at the end of life, and confi dentiality of 
information.

O BO BO BO B J EJ EJ EJ E C TC TC TC T I VI VI VI V E SE SE SE S

Based on the conteent in this chapter, the reader should be able to:

1 Compare and coontrast mechanisms off trauma injury.
2 Describe phasess of initial assessment and related care of thee trauma patient.
3 Discuss the assessment and managemment of patients with thhoracic, 

abdominal, mussculoskeletal, and maxillofacial trauma.

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Explain the way ethics assists nurses and other clinicians in resolving moral 
problems.

2 Recognize the applicability of the Code of Ethics for Nurses of the American 
Nurses Association to everyday practice.

3 Identify resources available to nurses to resolve ethical dilemmas.
4 Describe steps in the process of ethical decision making.
5 Discuss examples of ethical issues confronted by critical care nurses in 

practice.
6 Describe major areas of the law that affect critical care nursing practice.
7 State fi ve legal responsibilities of every registered nurse.
8 Explain the concept of duty and the potential consequences of breach of 

duty.
9 Explain types of vicarious liability.

10 Discuss laws that are of particular applicability to the critical care nurse.
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Principles of Bioethics
Bioethics is the study of ethical issues and judg-
ments made within the biomedical sciences, includ-
ing care of patients, the delivery of healthcare, public 
health, and biomedical research. Bioethics takes 
into account the diffi cult and practical realities that 
arise in the clinical care of people with illnesses. Six 
widely accepted bioethical principles, summarized 
in Box 4-2, are often applied to ethical problems in 
healthcare and nursing practice.

The Nurse’s Ethical Responsibilities
Most professional groups have formal codes of eth-
ics for their members; the nursing profession is 
guided by the American Nurses Association (ANA) 

Code of Ethics for Nurses With Interpretive Statements 
(Box 4-3).1 Nursing ethics encompasses the nurse’s 
specifi c professional roles and responsibilities and 
the relationships the nurse has with patients, other 
healthcare providers, the facilities with which he or 
she is affi liated, and society. A nurse never practices 
in isolation. Decision making, confl ict resolution 
related to ethical issues, and ethical practice are 
accomplished through communication and collab-
oration with patients, peers, and colleagues on the 
healthcare team.

The code of ethics for nursing is strongly based 
on the principle of “caring.” Caring is considered 
essential to nursing and has been long valued in the 
nurse–patient relationship. In caring for patients, 
nurses are committed to promoting the health and 
welfare of patients and respecting human dignity. 
The care ethic is based on the understanding that 
people are unique, that relationships and their value 
are crucial in moral deliberations, and that emotions 
and character traits play a role in moral judgment. 
Sympathy, compassion, trust, solidarity, fi delity, col-
laboration, and discernment are emphasized.

Sometimes the desire to “cure” interferes with 
the ability to “care” and provide relief of suffer-
ing. Especially in the critical care setting, aggres-
sive treatments are frequently used in an attempt 
to stabilize patients and keep them alive. The desire 
to prevent harm by postponing death is shaped by 
benefi cence. However, physical and psychological 
suffering caused by aggressive treatment, especially 
treatment of questionable or slight benefi t, some-
times constitutes a greater harm than death, and 
less aggressive treatment and more comfort may be 
a more benefi cent course. To determine what is best 
for the patient, the nurse involves the patient or sur-
rogate decision maker in discussions and decisions 
about treatment goals and the risks and benefi ts of 
various treatment options.

Nurses promise to act in their patients’ best inter-
ests, respect their autonomy, and advocate for them. 
Communicating honestly with patients and families, 
discussing and respecting their wishes regarding 
treatment and care, convening patient care confer-
ences for all involved parties when indicated, and 
facilitating advance care planning discussions and 
the use of advance directives are all important meth-
ods of fulfi lling these obligations.

RED FLAG! In the critical care unit, patients 
frequently are unable to make decisions for 
themselves due to their clinical status, the effects 
of treatments they are receiving, or both. The nurse 
frequently and carefully assesses the patient’s 
ability to understand treatment options and make 
decisions.

Ethics Committees and Consultation 
Services
Many healthcare organizations have an ethics com-
mittee or an ethics consultation service. Institutional 

B O X  4 - 1   General Approaches to Ethics

Consequentialism: Consequences of actions deter-
mine whether an action is right or wrong.
Nonconsequentialism (deontological approach): 
Conformity to moral rules (not consequences) deter-
mines whether an action is right or wrong.
Utilitarianism: The right action is that which offers 
the greatest benefi t with the least amount of burden to 
all affected.
Paternalism: The right action is that which is 
believed to bring the best outcome for the person, 
regardless of the person’s autonomous actions or 
requests.
Ethics of care: The right action is determined based 
on the characteristics of caring relationships between 
people.
Principlism: A specifi c set of principles is used to 
identify and analyze the ethics of a situation.
Virtue ethics: What matters is not only what a person 
does but also how the person’s actions refl ect the per-
son’s virtues.

B O X  4 - 2   Principles of Bioethics

Nonmalefi cence: An obligation to never deliberately 
harm another
Benefi cence: An obligation to promote the welfare of 
others, to maximize benefi ts and minimize harms
Respect for autonomy: An obligation to respect, 
and not to interfere with, the choices and actions 
of autonomous individuals (ie, those capable of 
self-determination)
Justice: An obligation to be fair in the  distribution of 
burdens and benefi ts and in the distribution of social 
goods, such as healthcare or nursing care
Veracity: An obligation to tell the truth
Fidelity: An obligation to keep promises and fulfi ll 
commitments

Morton_Chap04.indd   24Morton_Chap04.indd   24 2/4/2012   2:24:47 PM2/4/2012   2:24:47 PM



Ethical and Legal Issues in Critical Care Nursing C H A P T E R  4 25

ethics committees are usually multidisciplinary and 
include representatives from various patient care 
professions and disciplines (eg, nursing, medicine, 
social work, spiritual care). They may also include 
one or more members from the lay community. 
Ethics committee members may offer education 
to the professional staff and community on issues 
related to clinical ethics and serve as a resource for 
institutional policies concerning ethical matters. 
Individual committee members may also consult 
at the bedside, providing education, clarifi cation, 
or dialogue necessary to assist decision makers in 
resolving an ethical problem. In more complicated 
cases or when confl ict exists among decision mak-
ers, consultation by the entire ethics committee may 
be appropriate. Some committees aim to make a 
single recommendation for the resolution of the eth-
ical problem, whereas others attempt to frame the 
morally acceptable options and assist key  decision 
makers in choosing a course of action.

Ethical Decision Making
Resolving ethical dilemmas can be diffi cult. Ethical 
dilemmas are dilemmas precisely because compel-
ling reasons exist for taking each of two or more 
opposing actions. Systematically applying avail-
able codes of ethics and ethical principles can help 
members of the healthcare team and ethics commit-
tee identify ethical obligations and systematically 
decide which “right” actions can help to meet these 
obligations. Multidisciplinary collaboration and 
dialogue are also critical to satisfactorily resolving 
ethical problems. Ethical decision-making models 
provide a process for systematically and thought-
fully examining a confl ict, ensuring that participants 

consider all important aspects of a situation before 
taking action (Box 4-4).

Ethical principles, professional guidelines, per-
sonal values, emotions, and judgment help guide 
the nurse’s actions and decisions. How the nurse 
feels about an issue is a manifestation of his or her 
moral convictions that should not be ignored. The 
nurse strives, though, to reach ethical decisions by 
allowing reason to temper emotions and emotions 
to tutor reason. Differing personal, professional, 
and institutional values can compound moral con-
fl ict. Awareness of differences in professional and 
personal values and obligations can provide insight 
into sources of interprofessional or interpersonal 
ethical confl ict. Ideally, competing values are 
weighed and assigned priority in light of guiding 
ethical norms.

Moral distress occurs when nurses cannot turn 
moral choices into moral action,2 that is, when the 
nurse knows the proper course of action to take, 

B O X  4 - 3   The American Nurses Association’s (ANA) Code of Ethics for Nurses

1. The nurse, in all professional relationships, prac-
tices with compassion and respect for the inherent 
dignity, worth, and uniqueness of every individual, 
unrestricted by considerations of social or economic 
status, personal attributes, or the nature of health 
problems.

2. The nurse’s primary commitment is to the patient, 
whether an individual, family, group, or community.

3. The nurse promotes, advocates for, and strives to 
protect the health, safety, and rights of the patient.

4. The nurse is responsible and accountable for individ-
ual nursing practice and determines the appropriate 
delegation of tasks consistent with the nurse’s obliga-
tion to provide optimum patient care.

5. The nurse owes the same duty to self as to others, 
including the responsibility to preserve integrity 
and safety, to maintain competence, and to continue 
 personal and professional growth.

6. The nurse participates in establishing, maintaining, 
and improving healthcare environments and condi-
tions of employment conducive to the provision of 
quality healthcare and consistent with the values 
of the profession through individual and collective 
action.

7. The nurse participates in the advancement of the pro-
fession through contributions to practice, education, 
administration, and knowledge development.

8. The nurse collaborates with other health profession-
als and the public in promoting community, national, 
and international efforts to meet health needs.

9. The profession of nursing, as represented by associa-
tions and their members, is responsible for articulat-
ing nursing values, for maintaining the integrity of 
the profession and its practice, and for shaping social 
policy.

Reprinted with permission from American Nurses Association: Code of Ethics for Nurses with Interpretive 
Statements. Washington, DC: American Nurses Publishing, American Nurses Foundation/American 
Nurses Association, 2001.

B O X  4 - 4   Model for Ethical Decision Making

1. Gather the relevant facts and identify the decision 
maker(s) and the stakeholders.

2. Identify the ethical problem(s). Involve others 
in the process and use consultation resources as 
appropriate.

3. Analyze the problem using ethical principles and 
resources.

4. Identify action alternatives in light of the ethical 
principles; choose one and justify the choice.

5. Evaluate and refl ect.
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but institutional or interpersonal constraints make 
it nearly impossible to pursue it.2 For example, 
nurses tend to recognize when therapies are no lon-
ger benefi cial to a patient sooner than family mem-
bers, which can be a source of moral distress. The 
Four A’s to Moral Distress, a resource developed by 
the American Association of Critical-Care Nurses 
(AACN), provides a framework for addressing and 
resolving moral distress (Fig. 4-1). In addition, hos-
pital ethics committees are available to help staff 
work through situations in which moral distress is 
a factor.

Common Ethical Dilemmas in Critical 
Care
Withholding or Withdrawing Treatment
In some cases, a patient or surrogate decision maker 
may decide to withhold or withdraw a treatment, 
especially at the end of life. Withholding refers to 
never initiating a treatment, whereas withdrawing 
refers to stopping a treatment once started. The 
distinction between not starting a treatment and 
stopping it is not itself of ethical signifi cance; what 
matters most is whether the decision is consistent 
with the patient’s interests and preferences. When 
the patient or surrogate decides in good faith that 
a proposed treatment will impose undue burdens 
and refuses such treatment, it is morally correct for 
the healthcare professional to respect that decision. 
If the patient or surrogate decides that a treatment 
in progress and the life it provides have become too 
burdensome, then the treatment may permissibly 
be stopped.

To presume to understand the needs of a patient 
and act against the patient’s expressed wishes (or 
to avoid ascertaining what those wishes might be) 
can be paternalistic. Discussions about treatment 
preferences ideally occur when the patient is alert 
and has a reasonably clear sensorium. The nurse 
helps to ensure that the patient receives adequate 
information, has the capacity to understand avail-
able options, and can deliberate and make a health-
care decision. If a patient is incapable of making an 
informed decision, a legally authorized surrogate 
is asked to consent for the patient. Before making 
a voluntary and informed decision to accept or to 
refuse any treatment, the patient or surrogate must 
understand what the treatment entails and how it 
will most likely affect the disease process and future 
quality of life. Healthcare providers are responsible 
for presenting information in an understandable 
and sensitive manner and for assessing the level of 
the patient’s or surrogate’s understanding.

In some cases, the nurse may have a personal 
moral conviction contrary to a certain decision or 
may believe that the particular decision is against 
the patient’s best interests or wishes. The nurse is 
morally permitted to refuse to participate in with-
holding or withdrawing treatment from a patient 
as long as the patient’s care is assumed by someone 
else. The nurse is justifi ed in refusing to participate 
on moral grounds, but the nurse must communicate 
the decision in appropriate ways.

Limits to Treatment and “Futility of Care”
In contrast to cases in which healthcare workers want 
to treat patients against their wishes, sometimes a 

ASK

Ask yourself if you
are distressed and
if it is work related

AFFIRM

Affirm your distress

and your committment

to self-care

ACT

Prepare to act; take

action; maintain

desired change

AACN

Four As

ASSESS

Identify sources

of your stress

F I G U R E  4 - 1  The four As (ask, affi rm, assess, act) provide a framework for resolving moral distress.
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patient, family member, or surrogate wants treat-
ment that physicians, nurses, or other members of 
the healthcare team feel is inappropriate or even 
futile. Providing care perceived as “excessive,” espe-
cially for dying patients, is a source of great concern 
among care providers, especially critical care nurses.3 
There is a great deal of discussion among ethicists, 
healthcare professionals, and patients’ rights groups 
about when, if ever, a patient’s request for treatment 
can be denied because of futility. Futility is a com-
plex concept that can be understood in at least one of 
two different ways: (1) when an intervention would 
be ineffective at producing its intended effect and 
(2) when an intervention might be physiologically 
effective but is unlikely to provide meaningful ben-
efi t. Lack of consensus on a defi nition of (and crite-
ria for) futility, coupled with concern about whether 
healthcare providers can be objective enough to 
make these determinations, make this a particularly 
diffi cult ethical dilemma to resolve.

The Council on Ethical and Judicial Affairs of 
the American Medical Association recommends 
that facilities adopt a policy that follows a “fair 
process approach” to determine futility of interven-
tions.4 Most such policies require deliberation by 
multidisciplinary committees, such as ethics com-
mittees, rather than unilateral decisions by a physi-
cian, and require genuine attempts to transfer the 
patient’s care to another facility if the dilemma can-
not be resolved by the facility currently providing 
care. Some facilities allow a physician, under care-
fully delineated circumstances and after consulta-
tion with others, to write a do-not resuscitate (DNR) 
order or withhold certain treatments without the 
consent of the patient.

Allocation Decisions
The principle of justice comes into play when deci-
sions must be made about the allocation of limited 
resources, treatments, and even time and attention 
among patients. Every time a decision is made to 
transplant a kidney into one person and not another, 
to respond to one patient’s need before another’s, or 
to admit one patient to the critical care unit instead 
of another, a decision is made about the distribution 
of resources using justice criteria. Justice requires 
that decisions about the distribution of healthcare 
be based on morally signifi cant characteristics, and 
not on factors such as race, ethnicity, gender, social 
standing, or religious beliefs. Allocation decisions 
are ordinarily made independent of the wishes of 
the patient or family and usually require balanc-
ing potential harms and benefi ts between people. 
Allocation decisions can be very diffi cult, and not 
everyone will be happy with the decisions that are 
made. Two examples of diffi cult allocation decisions 
involve the allocation of organs for transplantation 
and the allocation of beds in the critical care unit.

• Allocation of organs for transplantation. The 
need for organs is greater than the available sup-
ply. When a donation occurs, diffi cult distribution 

decisions must be made about who receives the 
organs that are available. In the United States, the 
Organ Procurement and Transplantation Network 
maintains a national registry for organ matching5 
and includes all patients on a transplant center’s 
waiting list. When an organ becomes available, 
information is entered into a computerized organ-
matching system that generates a list of potential 
recipients according to objective criteria. Many 
factors infl uence who among those potential recipi-
ents actually receives an organ for transplantation.

• Allocation of beds. The number of patients that 
can be cared for on the critical care unit at any 
given time is limited both by the number of beds 
and the availability of qualifi ed staff to provide 
care. Decisions about admitting or discharging 
patients from critical care often involve some sort 
of triage to maximize the effective and effi cient use 
of resources. Triage decisions are usually based on 
considerations of medical utility (ie, a compara-
tive judgment about the probability of success of 
critical care for the individual patients involved).

Law in Critical Care
Legal issues involving critical care are of increasing 
concern to the nurse because the number of mal-
practice suits that name or involve nurses is increas-
ing. There are three areas of the law that affect 
critical care nursing practice:

• Administrative law. Every state legislature has 
enacted a nurse practice act. Within each of these 
acts, the practice of nursing is defi ned, and pow-
ers are delegated to a state agency, usually the 
State Board of Nursing. The state agency develops 
regulations that dictate how the nurse practice act 
is to be interpreted and implemented. Practicing 
nurses are expected to know the provisions of the 
nurse practice act in their state and any regula-
tions dealing with the practice of nursing. If a 
citizen feels that he or she has not received rea-
sonable nursing care, the citizen may contact 
the state agency and fi le a complaint against the 
nurse or nurses involved in the care. The state 
is then responsible for conducting an investiga-
tion to determine whether the patient’s claim has 
merit. Due process rights are attached to a nurs-
ing license, so certain due process requirements 
must be met before a state agency can revoke, dis-
cipline, or place conditions on a nursing license. 
Although the nurse’s right of due process cannot 
be abridged, the state agency has the right to tem-
porarily suspend a nurse’s license immediately for 
acts the agency deems dangerous to the welfare of 
the general public.

• Civil law. In civil cases, one private party fi les a 
lawsuit against another. One specifi c area of civil 
law, tort law, forms the foundation of most civil 
cases involving nurses. Examples of torts include 
negligence, malpractice, assault, and battery.
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• Nursing texts, professional journals, and drug 
 reference books

• Standards and guidelines set by professional orga-
nizations (eg, AACN, American Heart Association)

• Equipment manufacturers’ instructions

Once duty is established, a breach of that duty is 
required for the nurse to be found negligent. A 
breach of duty is determined by comparison of the 
nurse’s conduct with the standard of care; that is, 
the nurse must be found to be negligent. Negligence 
is found or refuted by a comparison of the nurse’s 
conduct with the standard of care. In general, neg-
ligence is either ordinary or gross. Ordinary negli-
gence implies professional carelessness, whereas 
gross negligence suggests that the nurse willfully 
and consciously ignored a known risk for harm to 
the patient. Most cases involve ordinary negligence. 
Examples of actions that could lead to charges of 
gross negligence include acting in a way that con-
tradicts sound nursing advice, or providing patient 
care while under the infl uence of drugs or alcohol.

The law attempts to return the plaintiff to a posi-
tion he or she would have been in had an injury not 
been suffered. Unfortunately, injuries to patients usu-
ally cannot be undone. As such, most courts attempt 
to give monetary awards to compensate for the inju-
ries sustained by the plaintiff. Examples of economic 
damages (ie, damages that can be calculated within 
a degree of certainty) include medical costs and lost 
wages. Noneconomic damages, such as pain and suf-
fering and loss of consortium ( services) that occurred 
as a result of the malpractice, are somewhat more 
diffi cult to calculate. Many state and federal govern-
ments place monetary limits on the amount a plain-
tiff can recover for pain and suffering, regardless of 
the amount that may be awarded by a jury.

Vicarious Liability
In some cases, a person or facility can be held liable 
for the conduct of another. This is called vicarious 
liability. There are various types of vicarious liability:

• Respondeat superior (“let the master answer 
for the sins of the servant”) is the major legal 
theory under which hospitals are held liable for 
the negligence of their employees. In some situ-
ations, respondeat superior is not applicable. For 
instance, hospitals are not usually responsible 
for temporary agency personnel because they are 
usually employees of the agency, not the hospital. 
Similarly, physicians, unless they are employed 
by the hospital, do not typically come within the 
sphere of this doctrine.

• Corporate liability occurs when a hospital is 
found liable for its own unreasonable conduct. 
For example, if it is found that a unit is chroni-
cally understaffed and a patient suffers an injury 
as a result of short staffi ng, the hospital can be 
held accountable. Corporate liability may also 
apply in “fl oating” situations. A nurse working in 
a critical care setting must be competent to make 

• Criminal law. In criminal cases, the local, state, 
or federal government fi les a lawsuit against an 
individual. Criminal offenses, which are extremely 
rare in nursing situations, include criminal assault 
and battery, negligent homicide, and murder.

The legal responsibility of the registered nurse in 
critical care settings does not differ from that of the 
registered nurse in any work setting. The registered 
nurse adheres to fi ve principles for the protection of 
the patient and the practitioner (Box 4-5).

Common Legal Issues in Critical Care
Negligence (Breach of Duty)
The most common lawsuits against nurses and their 
employers are based on the legal concept of mal-
practice, known as negligence by a professional. In a 
malpractice suit, the plaintiff has to show that some 
type of injury or harm occurred as a result of the 
nurse’s actions or inaction. Malpractice law requires 
that there be a causal relationship between the con-
duct of the nurse and the injury to the patient, and 
that the injury that the patient experienced must be 
reasonably anticipated.

In a malpractice suit, the fi rst task is establishing 
duty. A duty is a legal relationship between two or 
more parties. In most nursing cases, duty arises out 
of a contractual relationship between the patient 
and the healthcare facility. A nurse who cares for a 
patient is legally responsible for providing reason-
able care under the circumstances present at the 
time of the incident. A nurse who fails to provide rea-
sonable care under the circumstances has breached 
(violated) his or her duty toward the patient. Many 
different methods are used to determine whether the 
nurse complied with reasonable standards of care 
under the circumstances that existed at the time of 
the incident. The following resources can be used to 
establish standards of care:

• Testimony from nurse experts in critical care
• The healthcare facility’s procedure and protocol 

manuals
• Nursing job descriptions
• State Board of Nursing standards of care

B O X  4 - 5   Five Legal Responsibilities of the 
Registered Nurse

The registered nurse is legally responsible for:

• Performing only those functions for which he or she 
has been prepared by education and experience

• Performing those functions competently
• Delegating responsibility only to personnel 

whose competence has been evaluated and found 
acceptable

• Taking appropriate measures as indicated by obser-
vations of the patient

• Being familiar with the employing agency’s policies
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B O X  4 - 6   Commonly Asked Questions When 
Rotating to an Unfamiliar Unit

1. If I am asked to go to another unit, must I go?
Usually, you will be required to go to the other unit. 
If you refuse, you can be disciplined under the 
theory that you are breaching your employment 
contract or that you are failing to abide by the poli-
cies and procedures of the hospital. Some nursing 
units negotiate with hospitals to ensure that only 
specially trained nurses rotate to specialty units.

2. If I rotate to an unfamiliar unit, what types of 
nursing responsibilities must I assume?
You will be expected to carry out only those nurs-
ing activities that you are competent to perform. 
In some instances, this will be the performance of 
basic nursing care activities (eg, blood pressures) 
and uncomplicated treatments. If you are unfamil-
iar with the types of medications used on the unit, 
you should not be administering them until you are 
thoroughly familiar with them.

3. What should I do if I feel unprepared when I get 
to the unit?
Suggest that you assist the unit with basic nursing 
care requirements and that specialized activities 
(eg, invasive monitoring, cardiac monitoring, or the 
administration of unfamiliar drugs) be performed 
by staff who are adequately prepared.

4. What if the charge nurse orders me to do some-
thing I am not able to do safely?
You are obligated to say you are unqualifi ed and 
request that another nurse carry out the task. The 
charge nurse can be held liable for negligent super-
vision if she orders you to do an unsafe activity and 
a patient injury results.

immediate nursing judgments and to act on those 
decisions. If the nurse does not possess the knowl-
edge and skills required of a critical care nurse, 
he or she should not be providing critical care. 
Box 4-6 addresses issues of concern to the fl oating 
nurse.

• Negligent supervision is claimed when a supervi-
sor fails to reasonably supervise people under his 
or her direction. For example, if a nurse is rotated 
to an unfamiliar unit and informs the charge nurse 
that she has never worked in critical care, it would 
be unreasonable for the charge nurse to ask her to 
perform invasive monitoring.

• Rule of personal liability. In the past, the nurse 
was expected to implement the physician’s orders 
without question, and as “the captain of the 
ship,” the physician was legally responsible for 
these actions. However, the “captain of the ship” 
doctrine has largely been replaced by the rule of 
personal liability—that is, nurses are expected to 
make sound decisions by virtue of their special-
ized education, training, and experience. If the 
nurse is unsure about the propriety of a physi-
cian’s order, the nurse must seek clarifi cation 
from the physician. When questioning an order, 
the nurse fi rst shares his or her specifi c concerns 
with the physician who wrote the order. This fre-
quently results in an explanation of the order and 
a medical justifi cation for the order in the patient’s 
medical record. If this approach is unsuccessful, 
the nurse follows the established chain of com-
mand for resolving the issue, per facility policy. 
Similarly, if a nurse is required to perform medi-
cal acts and is not under the direct and immediate 
supervision of a delegating physician, the activi-
ties must be based on established protocols cre-
ated by the medical and nursing departments and 
reviewed for compliance with state nurse practice 
acts. In the event of a malpractice suit, the criti-
cal care protocols and procedures can be intro-
duced as evidence to help establish the applicable 
 standard of care.

Laws Affecting Nursing Practice
Laws of particular applicability to the critical care 
nurse include the following:

• Informed consent doctrine. In most instances, the 
law requires that the patient be given enough infor-
mation before a treatment to make an informed, 
intelligent decision. Usually, obtaining informed 
consent from the patient or the family is the respon-
sibility of the physician, but the nurse is frequently 
asked to witness signing of the consent form. By 
witnessing the signing, the nurse is attesting that 
the signature on the consent form is the patient’s or 
the family member’s.

• Patient Self-Determination Act of 1991. This 
federal statute is applicable to facilities that receive 
Medicare reimbursement for patient care. As a 
condition of reimbursement, the law requires that 

hospitals provide information to adults about their 
rights concerning decision making in that state. 
The material distributed must include informa-
tion about the types of advance directives that are 
legal in that state. Documentation that the patient 
has received this information must be placed in 
the medical record. If the patient is incapacitated 
on admission, the information must be provided 
to a family member, if available.

• Safe Medical Devices Act of 1990. A medical 
device, defi ned as virtually anything used in patient 
care that is not a drug, includes complex pieces of 
equipment (eg, intraaortic balloon pumps, pace-
makers, defi brillators), along with less complicated 
ones (eg, endotracheal tubes, suture materials, 
restraints). Since 1976, medical devices have been 
regulated by the U.S. Food and Drug Administration 
(FDA). The Safe Medical Devices Act of 1990 
requires user facilities to report to the manufacturer 
medical device malfunctions that result in serious 
illness, injury, or death to a patient. Facilities are 
also required to report to the FDA medical devices 
that result in a patient’s death. Nurses and other 
staff are required to participate in reporting device 
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malfunctions, including those associated with user 
error, to a designated hospital department. There is 
a duty not to use equipment that is patently defec-
tive. If the equipment suddenly ceases to do what it 
was intended to do, makes unusual noises, or has a 
history of malfunction and has not been repaired, 
the hospital could be liable for damage caused by 
it. Likewise, the nurse could be liable if he or she 
knows or should know of these problems and uses 
the equipment anyway.

• Uniform Anatomical Gift Act. Every state in the 
United States has a law based on the Uniform 
Anatomical Gift Act. The laws establish the legal-
ity of organ donation by patients and their families 
and set procedures for making and accepting the 
gift of an organ. Every state also has some provi-
sion to enable people to consent to organ dona-
tion using a designated place on a driver’s license. 
Many states have also enacted “required request” 
laws, which seek to increase the supply of organs 
for transplantation by requiring hospital person-
nel to ask patients’ families about an organ gift at 
the time of the patient’s death.

C A S E  S T U D Y

Mr. R., a 62-year-old triathlete, was riding his 
bicycle when he lost control and fl ipped over the 
front, landing on the pavement headfi rst. Mr. R. 
was wearing a helmet. A bystander called 911. 
When the paramedics arrived, they intubated Mr. R. 
and transported him to the hospital, where he 
was found to have a complete spinal cord injury 
at the C2 level. Mr. R. was placed on mechanical 
 ventilation and will be ventilator dependent for the 
rest of his life.

Mr. R. is awake and alert, and it has been 
determined that he is able to make his own deci-
sions. During the course of Mr. R.’s hospitaliza-
tion, patient/family conferences are held at regular 
intervals so that the healthcare team, Mr. R., and 
Mr. R.’s family can discuss Mr. R.’s status and 
prognosis. After several weeks pass, Mr. R. states 
that he wishes to be taken off the ventilator, even 
though he is aware that this will result in his death. 
Mr. R.’s family members are supportive of him, and 
they state that they will agree with any decision 
Mr. R. makes. The physician is uncomfortable with 
implementing Mr. R.’s request to be removed from 
the ventilator and refers Mr. R.’s case to the ethics 
committee.

1. What ethical dilemma does Mr. R.’s case 
present?

2. Which of the ethical principles may be used to 
resolve this dilemma?

3. What role does the nurse have in resolving this 
ethical dilemma?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R

Essential Interventions 
  in Critical Care

Relieving Pain and Providing Comfort

5

TWO

Based on the content in this chapter, the reader should be able to:

1 Differentiate between acute and chronic pain.
2 Identify factors that exacerbate the experience of pain in the critically ill.
3 Prepare patients for the common sources of procedural pain in critical care.
4 Compare and contrast tolerance, physical dependence, and addiction.
5 Discuss national guidelines and standards for pain management.
6 Identify appropriate analgesics for high-risk critically ill patients.
7 Describe nonpharmacological interventions for alleviating pain and anxiety.

O B J E C T I V E S

Pain is one of the most common experiences 
and stressors in critically ill patients. Symptoms 
of critical illnesses as well as many interventions 
and procedures in the critical care unit increase 
pain. Even though pain management has become 
a national priority in recent years (Table 5-1), pain 
continues to be misunderstood, poorly assessed, 
and undertreated in critical care units and many 
other healthcare settings. Uncontrolled pain trig-
gers physical and emotional stress responses, 
inhibits healing, increases the risk for other 
 complications, and increases the length of stay in 
the critical care unit.

Pain Defi ned
Pain is a complex, subjective phenomenon. The 
International Association for the Study of Pain 
defi nes pain as “an unpleasant sensory and emo-
tional experience associated with actual or poten-
tial tissue damage or described in terms of such 
damage.”1 An operational defi nition of pain is 
based on the premise that the individual experienc-
ing the pain is the true authority, pain is subjective 
and that pain is whatever the experiencing person 
says it is.
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TA B L E  5 - 1 National Standards and Guidelines Related to Pain Management

Agency or Source Standard or Guideline Content Highlights

Society of Critical Care Medicine 
(SCCM) and the American 
Society of Health-System 
Pharmacists (ASHP)

Clinical Practice Guidelines for the 
Sustained Use of Sedatives 
and Analgesics in the Critically 
Ill Adult (2002)

The summary contains 28 explicit 
recommendations related to analgesia and 
sedation targeted to the critically ill, including 
the following:

• Patient report is the most reliable standard for 
pain assessment.

• Scheduled doses or continuous infusions of 
opioids are preferred over PRN regimens.

• Sedation of agitated patients should be 
provided only after providing adequate 
analgesia.

American Geriatric Society The Management of Persistent 
Pain in Older Persons

Major recommendations include:
• All older persons should be screened for 

persistent pain on admission to any health 
care facility.

• The verbal 0 to 10 scale is a good fi rst choice 
for assessment of pain intensity; however, 
other scales such as word descriptor scales or 
pain thermometers may be more appropriate 
for some older patients.

• For patients with cognitive impairment, 
assessment of behaviors and family 
observations are essential.

• Opioid analgesic drugs are effective, with a 
low potential for addiction, and may have fewer 
long-term risks than other analgesic drugs.

American College of Cardiology/ 
American Heart Association 
Task Force on Practice 
Guidelines

Guidelines for Cardiovascular 
Disease Management

Guidelines that are relevant to painful conditions 
experienced by critically ill patients, including 
chronic stable angina, unstable angina, 
peripheral arterial disease, ST-elevation 
myocardial infarction, and coronary artery 
bypass graft (CABG) surgery

The pain most critical care unit patients experience 
is classifi ed as acute because it has an identifi ed cause 
and is expected to resolve within a given time frame. 
For example, the pain experienced during endotra-
cheal suctioning or a dressing change can be expected 
to end when the treatment is completed. Similarly, 
pain at an incision or area of injury is expected to 
cease once healing has occurred. In contrast, chronic 
pain is caused by physiological mechanisms that are 
less well understood. Chronic pain differs from acute 
pain in terms of etiology and expected duration. It 
may last for an indefi nite period and may be diffi -
cult or impossible to treat completely. Many critical 
care unit patients, particularly those who are elderly, 
experience both acute and chronic pain.

Pain in the Critically Ill
Previously it was thought that critically ill patients 
were unable to remember their painful experiences 
because of the acute nature of the illness or injury. 
Research demonstrates, however, that critical care 
unit patients do remember painful experiences, and 
they frequently describe their pain as being moder-
ate to severe in intensity.2

Factors Affecting Pain
Multiple factors inherent in the critical care unit 
environment affect the patient’s pain experience 
(Box 5-1). The effects of each of these factors 
increase when they are experienced together. For 
example, pain and anxiety exacerbate each other.

Procedural Pain
Efforts to provide pain relief and comfort mea-
sures are complicated by the fact that critical care 
nurses must continuously perform procedures or 
treatments that cause pain to the patient, such as 
chest tube insertion and removal, wound debride-
ment, and even turning a patient in bed. Critical 
care nurses must be attuned to the pain the patient 
is experiencing before the procedure to provide the 
best interventions and guidance to help the patient 
during the procedure. Before undergoing proce-
dures known to be associated with pain, patients 
should be premedicated, and the procedure should 
be performed only after the medication has taken 
effect. In addition, the nurse can use interventions 
such as imagery, distraction, and family support 
during procedures.
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syndromes after discharge. Pain produces many 
harmful effects on the body that inhibit healing and 
recovery from critical illness; these effects are sum-
marized in Table 5-2 .

Promoting Effective Pain Control
Barriers to Effective Pain Control
Critical care nurses are often concerned that anal-
gesic administration for pain control may create 
problems, such as hemodynamic and respiratory 
compromise, oversedation, or drug addiction. The 
fear of addiction is one of the greatest concerns and 
impediments associated with analgesia and pain 
control. The differences between, and implications 
of, addiction, tolerance, and dependence are sum-
marized in Table 5-3.

Patient and Family Education
To balance pain control and risks of treatment, 
communication between nurse, patient, and family 
is essential. Emphasis is on the prevention of pain 
because it is easier to prevent pain than to treat it. 
Patients need to know that most pain can be relieved 
and that unrelieved pain may have serious conse-
quences for physical and psychological well-being 
and may interfere with recovery. The nurse helps 
patients and families understand that pain man-
agement is an important part of their care and that 
the healthcare team will respond quickly to reports 
of pain.

The nurse discusses plans for pain management 
with patients when they are best able to understand, 
such as before surgery rather than during recovery. 
Also, the patient needs a clear understanding of 
any specialized pain management technology, such 
as patient-controlled analgesia (PCA), to alleviate 
the fear of overdosage. It is necessary to reinforce 
this information during the course of therapy and 
encourage patients and family to verbalize ques-
tions and concerns. Box 5-2  provides key teaching 
points for promoting effective pain control.

The Older Patient. Be aware that arthritis, the most
common cause of chronic pain in older patients, can
increase the pain of turning in the ICU.

Consequences of Pain
Patients who have a high level of uncontrolled 
pain during an acute hospitalization are at risk for 
delayed recovery and development of chronic pain 

B O X  5 - 1   Factors Contributing to Pain and 
Discomfort in the Critically Ill

Physical
• Illnesses and injuries treated in the critical care set-

ting (eg, myocardial infarction, thoracic and neuro-
surgery, multiple trauma, extensive burns)

• Wounds—post-trauma, postoperative, or 
postprocedural

• Sleep disturbance and deprivation
• Immobility, inability to move to a comfortable posi-

tion because of tubes, monitors, or restraints
• Temperature extremes associated with critical illness 

and the environment—fever or hypothermia

Psychosocial
• Anxiety and depression
• Loss of control
• Impaired communication, inability to report and 

describe pain
• Fear of pain, disability, or death
• Separation from family
• Unfamiliar and unpleasant surroundings
• Boredom or lack of pleasant distractions

Environment and Routine
• Continuous noise from equipment and staff
• Continuous or unnatural patterns of light
• Awakening and physical manipulation every 

1 to 2 hours for vital signs or positioning
• Continuous or frequent invasive, painful procedures
• Competing priorities in care—unstable vital signs, 

bleeding, dysrhythmias, poor ventilation—may take 
precedence over pain management

TA B L E  5 - 2 Effects of Pain

System Effect Outcome

Cardiovascular Increased heart rate, blood pressure, 
contractility, vasoconstriction

Increases myocardial workload, thereby promoting or 
exacerbating ischemia

Pulmonary Splinting; decreased respiration; 
reduced pulmonary volume and fl ow

Increased incidence of pulmonary complications 
(eg, atelectasis, pneumonia)

Neurologic Increased anxiety and mental 
confusion; disturbed sleep

Delayed recovery; more pain

Gastrointestinal, 
nutritional

Decreased gastric emptying and 
intestinal motility

Impaired function; ileus; inhibits positive nitrogen balance

Musculoskeletal Muscle contractions, spasms, and 
rigidity

Inhibits movement and coughing and deep breathing, putting 
patient at risk for complications of immobility

Immune Suppressed immune function Increases risk for pneumonia, wound infections, and sepsis
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TA B L E  5 - 3 Tolerance, Physical Dependence, and Addiction

Defi nition Implication

Tolerance A state of adaptation in which exposure to a drug 
induces changes that result in a diminution of 
one or more of the drug’s effects over time

Increase dose by 50% and assess effect. 
Tolerance to side effects, such as 
respiratory depression, increases as the 
dose requirement increases.

Physical dependence A state of adaptation that is manifested by a drug 
class–specifi c withdrawal syndrome that can 
be produced by abrupt cessation, rapid dose 
reduction, decreasing blood level of the drug, 
and/or administration of an antagonist

Gradually taper opioid dosage to 
discontinuation to avoid withdrawal 
symptoms.

Addiction A primary, chronic, neurobiological disease, with 
genetic, psychosocial, and environmental factors 
infl uencing its development and manifestations. 
It is characterized by behaviors that include 
one or more of the following: impaired control 
over drug use, compulsive use, continued use 
despite harm, and craving.

Rarely seen in critical care patients, unless 
patient is admitted for drug overdose 
or a history of drug abuse

Defi nitions from American Pain Society: Defi nitions related to the use of opioids for the treatment of pain. 
Retrieved May 12, 2011, from http://www.ampainsoc.org/advocacy/ opioids2.htm

Pain Assessment
The failure of healthcare providers to assess pain 
and pain relief routinely is one of the most common 
reasons for unrelieved pain in hospitalized patients.3 
Assessment of pain is as important as any assessment 
of the other body systems. The patient is assessed at 
regular intervals to determine the presence of pain 
or breakthrough pain, the effectiveness of therapy, 
the presence of side effects, the need for dose adjust-
ment, or the need for supplemental doses to offset 
procedural pain. In critical care, assessment and 
treatment of the patient’s pain may be hindered by:

• The acuity of the patient’s condition
• Altered levels of consciousness
• An inability to communicate pain
• Restricted or limited movement
• Endotracheal intubation

To perform an effective pain assessment, the critical 
care nurse fi rst attempts to elicit a self-report from 
the patient. Behavioral observation and changes in 
physiological parameters are considered along with 
the patient’s self-report.

Patient Self-Report
Because pain is a subjective experience, the patient’s 
self-report is considered the foundation of pain 
assessment; however, family members and caregivers 
are often used as proxies for patients unable to self 
report, which can pose signifi cant communication 
barriers.3 A self-report or proxy assessment of pain 
should be obtained not only at rest, but also during 
routine activity, such as coughing, deep breathing, 
and turning. In the conscious and coherent patient, 
behavioral cues or physiological indicators should 
never take precedence over the patient’s self-report 

of pain. If the patient can communicate, the nurse 
must accept the patient’s description of pain as valid. 
Behavioral and physiological manifestations of pain 
are extremely individualized and may be minimal or 
absent, despite the presence of signifi cant pain.

In assessing pain quality, the nurse elicits a spe-
cifi c verbal description of the patient’s pain, in 
their own words, such as “burning,” “crushing,” 
 “stabbing,” “dull,” or “sharp,” whenever possible. 
These terms help pinpoint the cause of the pain.

The Older Patient. When assessing pain in an older
patient, be aware of the following points:

• When reporting pain, an older patient may use
words such as “aches” or “tenderness,” rather than
“pain.”

• Some older patients can experience acutely
painful conditions, such as myocardial infarction or
appendicitis, without the presence of signifi cant pain.

B O X  5 - 2   Promoting Safe and Effective 
Pain Control

• Emphasize the importance of preventing pain before 
it occurs or becomes severe.

• Help patients and caregivers to understand the dif-
ference between tolerance and addiction. This helps 
to ensure that fears of addiction do not impede nec-
essary analgesic administration.

• Discuss nonpharmacological interventions for mini-
mizing pain (eg, splinting in incision area with a 
pillow while coughing or ambulating).

• Explain to caregivers the impact of analgesics on 
pain and respiratory status if they’re responsible for 
administering PCA in the hospital or administering 
medication after discharge.
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Contradictions in Pain Assessment
Occasionally, there may be discrepancies between the 
patient’s self-report and behavioral and physiological 
manifestations. For example, one patient may report 
pain as 2 out of 10, while being tachycardic, diapho-
retic, and splinting with respirations. Another patient 
may give a self-report of 8 out of 10 while smiling.

These discrepancies can be due to the use of diver-
sionary activities, coping skills, beliefs about pain, cul-
tural background, fears of addiction, or fears of being 
bothersome to the nursing staff. When these situations 
occur, they are discussed with the patient, and any 
misconceptions or knowledge defi cits are addressed.

Pain Intervention
Although pharmacological intervention is the most 
commonly used strategy, nursing management of pain 
also includes physical, cognitive, and behavioral mea-
sures. In addition to administering medications or pro-
viding alternative therapies, the nurse’s role involves 
measuring the patient’s response to those therapies.

Pharmacological Interventions
Most drug therapy regimens that nurses use in the 
critical care setting include a combination of nonopi-
oid analgesics, opioids, and sometimes anxiolytics or 
sedatives. Use of these drugs is explained in the sec-
tions that follow; examples, mechanisms of action, 
and special considerations are outlined in Table 5-4 .

Nonopioid Analgesics
Ideally, analgesic regimens should include a nono-
pioid drug, even if the pain is severe enough to also 
require an opioid. In many patient populations, non-
steroidal anti-infl ammatory drugs (NSAIDs) are the 
preferred choice for the nonopioid component of 
analgesic therapy. NSAIDs decrease pain by inhibit-
ing the synthesis of infl ammatory mediators (pros-
taglandin, histamine, and bradykinin) at the site of 
injury and effectively relieve pain without causing 
sedation, respiratory depression, or problems with 
bowel or bladder function. When NSAIDs are used 
in combination with opioids, the opioid dose can 
often be reduced and still produce effective analge-
sia. This decreases the incidence of opioid-related 
side effects.

Many NSAIDs are supplied only in oral forms but 
this is not satisfactory in many critically ill patients 
whose oral intake is restricted. In addition to the 
concerns about route of administration, a major con-
cern associated with NSAID use is the potential for 
adverse effects, including gastrointestinal bleeding, 
platelet inhibition, and renal insuffi ciency. Second-
generation NSAIDs are more selective in their site 
of action and therefore do not cause these harmful 
adverse effects, but their slow onset of action may 
decrease their utility in critically ill patients.

Pain scales and rating instruments based on the 
patient’s self-report provide a simple but consistent 
measure of pain trends over time. Numerical rat-
ing scales and visual analog scales are used to mea-
sure pain intensity. With these scales, the patient is 
asked to choose a number, word, or point on a line 
that best describes the amount of pain he or she is 
experiencing. The Society of Critical Care Medicine 
(SCCM) clinical practice guideline suggests that 
the numerical rating scale is the preferred type of 
scale for use in critical care units.4 With this type 
of scale, the patient is asked to rate the pain, with 0 
being no pain and 10 being the worst possible pain 
imaginable.

Pictures or word boards can also facilitate com-
munication about the patient’s pain. The board 
should include open-ended questions, such as “Do 
you have pain?”, “Where is the pain located?”, 
“How bad is your pain?”, and “What helps your 
pain?”

Observation
Research has demonstrated that nurses can rely on 
behavioral and physiological indicators of pain in 
critically ill patients who cannot provide a verbal 
self-report.3 Patients who are unable to speak may 
use eye or facial expressions or movement of hands 
or legs to communicate their pain. Additionally, 
protective behaviors (eg, guarding, avoidance of 
movement, touching or rubbing the area, chang-
ing positions, muscular bracing) are suggestive of 
pain. Other nonverbal behaviors such as frowning, 
grimacing, clenching the teeth, tightly closing the 
eyes, and exhibiting restlessness and agitation can 
indicate pain as well.

Input from family members or other caregivers 
is helpful in interpreting specifi c behavioral mani-
festations of pain based on their knowledge of the 
patient’s behavior before hospitalization.

Physiological Parameters
The observation of the physiological effects of pain 
assists to some extent in pain assessment; how-
ever, much like nonverbal cues, the physiological 
response to pain is highly individualized. Vital signs, 
such as heart rate, blood pressure, and respiratory 
rate, may increase or decrease in the presence of 
pain. Additionally, it can be diffi cult to attribute 
these physiological changes specifi cally to pain 
rather than to other causes. For example, an unex-
pected increase in the severity of the patient’s pain 
may cause hypotension and tachycardia but could 
also signal the development of life-threatening com-
plications, such as wound dehiscence, infection, 
or deep venous thrombosis. The absence of physi-
ological or behavioral cues should never be inter-
preted as absence of pain. If the procedure, surgery, 
or condition is believed to be associated with pain, 
the presence of pain should be assumed and treated 
appropriately.
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TA B L E  5 - 4 Medications Used in Pain Management

Medication Mechanism of Action Nursing Considerations

Acetaminophen Inhibit prostaglandins • Lacks anti-infl ammatory action
• Avoid use in patients with liver or kidney disease
• Doses exceeding 4000 mg/d increase risk for hepatic 

toxicity
• Perform routine liver and renal profi le testing for patients 

on a continuous, high-dose regimen
Aspirin Inhibit prostaglandins and 

thromboxanes
• Adverse effects include gastrointestinal or postoperative 

bleeding
• Contraindicated in patients with bleeding ulcers, 

hemorrhagic disorders, asthma, and renal insuffi ciency
NSAIDs
 Ibuprofen (Motrin)
 Naproxen (Naprosyn)
 Celecoxib (Celebrex)

Inhibits prostaglandin synthesis 
by inhibiting the action of the 
enzyme cyclooxygenase, 
which is responsible for 
prostaglandin synthesis

• Adverse effects include gastrointestinal bleeding, 
platelet inhibition, and renal insuffi ciency

• Avoid use in patients with liver or renal disease
• Perform routine liver and renal profi le testing for patients 

on a continuous, high-dose regimen
Opioid analgesics
 Morphine
 Fentanyl
 Hydromorphone 

(Dilaudid)
 Codeine
 Methadone (Dolophine)
 Oxycodone

Bind to receptor sites in the 
central and peripheral 
nervous system, changing 
the perception of pain

• Adverse effects include respiratory depression, 
oversedation, constipation, urinary retention, and 
nausea

• IV administration is usually the preferred route
• Older patients are often more sensitive to the effects of 

opioids
• Patients and families need education about tolerance 

and the risk of dependence
Local anesthetics
 Bupivacaine
 Chloroprocaine

Act synergistically with 
intraspinal opioids and block 
pain by preventing nerve cell 
depolarization

• Adverse effects include CNS excitation, drowsiness, 
respiratory depression, apnea, hypotension, 
bradycardia, arrhythmias, and/or cardiac arrest

• Commonly administered by the epidural route in 
combination with epidural or intrathecal analgesia

Antiemetics
 Promethazine
 Hydroxyzine

Antagonizes central and 
peripheral H1 receptors 

• Adverse effects include hypotension, restlessness, 
tremors, and extrapyramidal effects in the older patient

• In high doses, can create auditory and visual 
hallucinations causing panic and intense fear

• During long-term therapy, monitor blood cell counts, 
liver function studies; perform electrocardiogram and 
electroencehalogram

Opioid antagonists
 Naloxone
 Naltrexone

Antagonizes various opioid 
receptors

• Administering the drug too quickly or giving too much 
can precipitate severe pain, withdrawal symptoms, 
tachycardia, dysrhythmias, and cardiac arrest; patients 
who have been receiving opioids for more than a week 
are particularly at risk

• Drug should be diluted and given intravenously, very 
slowly

• Monitor for acute withdrawal syndrome patients who are 
physically dependent on opioids, or who have received 
large doses of opioids

Benzodiazepines
 Diazepam
 Lorazepam
 Midazolam

Increase the effi ciency of a 
natural brain chemical, 
GABA, to decrease the 
excitability of neurons

• Adverse effects include phlebitis, acidosis, renal 
failure, prolonged wakening and delayed weaning from 
ventilator, and pain on injection site

• Monitor the patient for oversedation and respiratory 
depression

• Commonly administered intravenously
Benzodiazepine-specifi c 

reversal agent
 Flumazenil

Antagonizes benzodiazepine 
receptors

• Adverse effects include CNS manifestations, 
re-sedation, cardiovascular effects, seizures, and 
alterations in intracranial pressure and cerebral 
perfusion pressure

• Re-sedation may occur within 1–2 h after administration, 
so repeated doses or a continuous infusion may be 
required to maintain therapeutic effi cacy

Sedative-hypnotic
 Propofoli

• Adverse effects include low blood pressure, apnea, and 
pain at the injection site

• Monitor the patient’s blood pressure
• Contraindicated in patients allergic to eggs or soy 

products
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Medications should be titrated based on the 
patient’s response, and the drug should be quickly 
eliminated when analgesia is no longer needed. 
Most clinicians agree that when using a numerical 
scale for assessment, pain medications should be 
titrated according to the following goals:

• The patient’s reported pain score is less than his 
or her own predetermined pain management goal 
(eg, 3 on a scale of 1 to 10).

• Adequate respiration is maintained.

Because pain may diminish or the pain pattern may 
change, therapy adjustments may be needed before 
improvements are seen. Pain reassessment should 
correspond to the time of onset or peak effect of the 
drug administered and the time the analgesic effect 
is expected to dissipate. Response to therapy is best 
measured as a change from the patient’s baseline 
pain level.

Administration
The two most commonly used routes for opioid 
administration in the critical care setting are the 
intravenous route and the spinal route. Other routes 
that are less commonly used in the critical care set-
ting are reviewed in Box 5-3 .

Opioid Analgesics
Opioids are the pharmacological cornerstone of 
postoperative pain management. They provide pain 
relief by binding to various receptor sites in the spi-
nal cord, central nervous system (CNS), and periph-
eral nervous system, thus changing the perception 
of pain.

Opioids are selected based on individual patient 
needs and the potential for adverse effects. According 
to the SCCM, morphine sulfate, fentanyl, and hydro-
morphone are the preferred agents when IV opioids 
are needed.4 Other opioids used in critical care 
include codeine, oxycodone, and methadone. Even 
though meperidine continues to be widely used in 
some settings, national experts and national prac-
tice guidelines consider it to be dangerous and do 
not recommend it for most patients.4

The effi cacy of analgesia depends on the pres-
ence of an adequate and consistent serum drug 
level. Although opioids may be administered on an 
“as needed” (PRN) basis, the PRN order poses many 
barriers to effective pain control. Per the PRN order, 
the nurse administers a dose of analgesic only when 
the patient requests it and only after a certain time 
interval has elapsed since the previous dose. Usually, 
delays occur between the time of the request and 
the time the medication is actually administered. 
PRN orders also pose a problem when the patient 
is asleep. As serum drug levels decrease, the patient 
may be suddenly awakened by severe pain, and a 
greater amount of the drug is needed to achieve 
adequate serum levels. For these reasons, scheduled 
opioid doses or continuous infusions are preferred 
over PRN administration.

Dosing Guidelines
Opioid dosage varies depending on the individ-
ual patient, the method of administration, and 
the pharmacokinetics of the drug. Adequate pain 
relief occurs once a minimum serum level of the 
opioid has been achieved. The dosing and titra-
tion of opioids must be individualized, and the 
patient’s response and any undesirable effects, 
such as respiratory depression or oversedation, 
must be closely assessed. If the patient has previ-
ously been taking opioids prior to admission, doses 
should be adjusted above the previous required 
dose to achieve an optimal effect. Factors such as 
age, individual pain tolerance, coexisting diseases, 
type of surgical procedure, and the concomitant 
use of sedatives warrant consideration as well. 
Appropriate dosing and titration can be diffi cult 
because many critically ill patients have hepatic or 
renal dysfunction that result in decreased metabo-
lism of the opioid.

The Older Patient. Older patients are often more
sensitive to the effects of opioids because in older
people, opioids achieve higher peak concentrations
and have a longer duration of effect. Decreasing the
initial opioid dose and slow titration are
recommended for older patients.

B O X  5 - 3   Less Commonly Used Methods of 
Administering Opioids in the Critical 
Care Setting

Oral route. The oral route is used infrequently in 
the critical care setting because many patients are 
unable to take anything by mouth. Serum drug levels 
obtained after oral administration of opioids are vari-
able and diffi cult to titrate. In addition, the transfor-
mation of oral opioids by the liver causes a signifi cant 
decrease in serum levels.
Rectal route. The rectal route has many of the same 
disadvantages as the oral route, including variability 
in dosing requirements, delays to peak effect, and 
unstable serum drug levels.
Transdermal route. The transdermal route is used 
primarily to control chronic cancer pain because it 
takes 12 to 16 hours to obtain substantial therapeutic 
effects and up to 48 hours to achieve stable serum 
concentrations. If used for acute pain, such as postop-
erative pain, high serum concentrations may remain 
after the pain has subsided, putting the patient at risk 
for respiratory depression.17

Intramuscular route. The intramuscular route 
should not be used to provide acute pain relief for the 
critically ill patient. Intramuscular drug absorption 
is extremely variable in critically ill patients, due to 
alterations in cardiac output and tissue perfusion. In 
addition, intramuscular injections are painful.
Subcutaneous route. In some situations, venous 
access may be limited or impossible to obtain. When 
this occurs, continuous subcutaneous infusion and 
subcutaneous PCA may be used.
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IV Administration. IV opioids have the most 
rapid onset and are easy to administer. Intermittent 
IV injections may be used when the patient requires 
short-term acute pain relief—for example, during pro-
cedures such as chest tube removal, diagnostic tests, 
suctioning, or wound care. Continuous IV adminis-
tration has many benefi ts for critically ill patients, 
especially those who have diffi culty communicating 
their pain because of an altered level of consciousness 
or an  endotracheal tube. Continuous IV infusions are 
easily initiated and maintain consistent serum drug 
levels compared to intermittent IV injections, which 
can cause serum levels to fl uctuate. When a patient 
is receiving continuous IV infusions, pain occur-
ring during painful procedures may not be managed 
unless additional IV bolus injections are given.

PCA is an effective method of pain relief for the 
critically ill patient who is conscious and able to 
participate in pain management therapy. With PCA, 
the patient self-administers small, frequent IV anal-
gesic doses using a programmable infusion device. 
The PCA device limits the opioid dose within a spe-
cifi c time period, thus preventing oversedation and 
respiratory depression. PCA produces good-quality 
analgesia, stable drug concentrations, less sedation, 
less opioid consumption, and fewer adverse effects.4 
PCA individualizes pain control therapy; and offers 
the patient greater feelings of control and well-being. 

Spinal Administration. Spinal opioids selec-
tively block opioid receptors while leaving sensation, 
motor, and sympathetic nervous system function 
intact, resulting in fewer opioid-related side effects. 
Analgesia from spinal opioids has a longer dura-
tion than other routes, and signifi cantly less opioid 
is needed to achieve effective pain relief. Opioids 
can be given as a single injection in the epidural or 
intrathecal space, as intermittent injections, as con-
tinuous infusions through an epidural catheter, or 
through epidural PCA. With epidural or intrathe-
cal analgesia, a local anesthetic can be added to the 
continuous opioid infusion. Less opioid is needed 
to provide effective analgesia when used in combi-
nation with local anesthetics, and the incidence of 
opioid-related side effects is decreased.

Epidural Analgesia. Epidural analgesia is noted 
for providing effective pain relief and improved post-
operative pulmonary function. In a classic study, 
patients whose pain was controlled with epidural 
anesthesia and epidural analgesia had shorter criti-
cal care unit stays, shorter hospital stays, and half as 
many complications as patients receiving standard 
anesthesia and analgesia.5

This method is especially benefi cial for  critically 
ill patients after thoracic, upper abdominal, or 
peripheral vascular surgery; postoperative patients 
with a history of obesity or pulmonary disease; and 
patients with rib fractures or orthopedic trauma. 
Contraindications to epidural analgesia include sys-
temic infection or sepsis, bleeding disorders, and 
increased intracranial pressure (ICP).

With epidural analgesia, opioids are adminis-
tered through a catheter inserted in the spinal canal 

between the dura mater and vertebral arch. Opioids 
diffuse across the dura and subarachnoid space and 
bind with opioid receptor sites. Epidurals may take 
the form of:

• Intermittent injections given before, during, or 
after a surgical procedure

• Continuous epidural infusions, which are recom-
mended for more sustained pain relief

• Patient-controlled epidural analgesia (PCEA), 
which uses the same parameters as IV PCA except 
in smaller doses

Although the incidence of serious respiratory 
depression is extremely low with epidural analge-
sia, respiratory assessments should be performed 
hourly during the fi rst 24 hours of therapy and 
every 4 hours thereafter. In addition, because epi-
dural analgesia is invasive, the patient must be 
closely monitored for signs of local or systemic 
infections. The insertion site is covered with a ster-
ile dressing, and the catheter is taped securely. To 
avoid accidental injection of preservative-contain-
ing medications (which can be neurotoxic), the epi-
dural catheter, infusion tubing, and pump must be 
clearly marked.

Intrathecal Analgesia. With intrathecal analge-
sia, the opioid is injected into the subarachnoid 
space, located between the arachnoid and pia mater. 
Intrathecal opioids are signifi cantly more potent 
than those given epidurally; therefore, less medica-
tion is needed to provide effective analgesia. The 
intrathecal method is usually used to deliver a one-
time dose of analgesic, such as before surgery, and is 
infrequently used as a continuous infusion because 
of the risk for CNS infection.

Side Effects
Opioids cause undesirable side effects, such as 
constipation, urinary retention, sedation, respira-
tory depression, and nausea. These are managed in 
many ways, including decreasing the opioid dose, 
avoiding PRN dosing, and adding other medications 
to supplement opioid doses or to counteract opioid 
side effects. However, medications commonly pre-
scribed to treat opioid-related adverse effects, such 
as antiemetics for nausea, can cause other adverse 
effects, such as hypotension, restlessness, and 
tremors.

Respiratory depression, a life-threatening com-
plication of opioid administration, is often a con-
cern. However, the incidence of true opioid-induced 
respiratory depression is low in most patients. 
In some cases, a respiratory rate as low as 10 breaths/
min may not be signifi cant if the patient is still 
breathing deeply.

RED FLAG! Patients most at risk for respiratory
depression are elderly people who have not recently
used opioids and patients with coexisting pulmonary,
renal, or hepatic disease.

If serious respiratory depression does occur, an 
opioid antagonist can be administered to reverse 
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the adverse effects of the opioid. Antagonists are 
titrated to effect, which means reversing the overse-
dation and respiratory depression, not reversing 
analgesia. This usually occurs within 1 to 2 minutes. 
After administering an antagonist, the nurse 
 continues to observe the patient closely for overseda-
tion and respiratory depression because the half-life 
of antagonists is shorter than that of most opioids.

Sedatives and Anxiolytics
Acute pain is frequently accompanied by anxiety, 
which can increase the patient’s perception of pain. 
When treating acute pain, anxiolytics and hypnotics 
can be used to complement analgesia and improve 
the patient’s overall comfort.

Anxiolytics
Anxiolytic medications (eg, benzodiazepines) con-
trol anxiety and muscle spasms and produce amne-
sia for uncomfortable procedures. Because these 
medications have no analgesic effect (except for con-
trolling pain caused by muscle spasm), an analgesic 
must be administered concomitantly to relieve pain. 
If an opioid and benzodiazepine are used together, 
the doses of both medications are usually reduced 
because of their synergistic effects. The patient 
must also be closely monitored for oversedation and 
respiratory depression.

An advantage of benzodiazepines is that they are 
reversible agents. If respiratory depression occurs 
because of benzodiazepine administration, benzodi-
azepine-specifi c reversal agents can be administered 
intravenously. These drugs are given reverse the 
sedative and respiratory depressant effects without 
reversing opioid analgesics.

Critically ill patients who are receiving repeated 
doses or continuous infusions of benzodiazepines 
are given a break from sedation at least once per day. 
Administration should be interrupted until the patient 
is fully awake. This helps prevent oversedation, which 
can inhibit weaning from mechanical ventilation.

Hypnotics
With appropriate airway and ventilatory manage-
ment, hypnotics can be an ideal agent for patients 
requiring sedation during painful procedures. 
Because of their ultrashort half-life, they are revers-
ible simply by discontinuing the infusion, and 
patients awaken within a few minutes. They also 
can be used as a continuous infusion for mechani-
cally ventilated patients who require deep, pro-
longed sedation.

Nonpharmacological Comfort Measures
Research has shown that the combination of non-
pharmacological and pharmacological interven-
tions provides better pain control, with less use of 
 opioid analgesics, decreased incidence of anxiety, 
and increased patient satisfaction.6,7

Environmental Modifi cation
Environmental modifi cations can help to minimize 
anxiety and agitation. Care should be preplanned 

to minimize noise and disruptions during normal 
sleeping hours and to create a pattern of light that 
mimics normal day–night patterns. Earphones, with 
music of the patient’s choosing, and earplugs have 
also been recommended for use in the critical care 
unit.8

Distraction
Distraction helps patients direct their attention 
away from the source of pain or discomfort toward 
something more pleasant. Initiating a conversation 
with the patient during an uncomfortable proce-
dure, watching television, and visiting with family 
are all excellent sources of distraction.

Relaxation Techniques
Relaxation exercises involve repetitive focus on a 
word, phrase, prayer, or muscular activity, and a 
conscious effort to reject other intruding thoughts. 
Most relaxation methods require a quiet environ-
ment, a comfortable position, a passive attitude, and 
concentration.

Breathing exercises have been used with much 
success in critically ill patients. The quieting refl ex is 
a breathing technique that requires only 6 seconds 
to complete, calms the sympathetic nervous system, 
and gives the patient a sense of control over stress 
and anxiety. The nurse teaches the patient to per-
form the following steps frequently during the day:

1. Inhale an easy, natural breath.
2. Think “alert mind, calm body.”
3. Exhale, allowing the jaw, tongue, and shoulders to 

go loose.
4. Allow a feeling of warmth and looseness to go 

down through the body and out through the 
toes.

Touch
Touch has a positive effect on perceptual and cog-
nitive abilities and can infl uence physiological 
parameters, such as respiration and blood fl ow. 
Additionally, touch has played a major part in 
promoting and maintaining reality orientation in 
patients prone to confusion about time, place, and 
personal identifi cation. Nursing touch may be most 
helpful in situations in which people experience 
fear, anxiety, depression, or isolation.

The Older Patient. Older patients often have
an increased need for meaningful touch during
episodes of crisis.

Massage
Superfi cial massage initiates the relaxation response 
and has been shown to increase the amount of sleep 
in critical care patients.9 Hands, feet, and shoulders 
are good sites for massage in critically ill patients, 
because the back is less accessible. Family members 
who wish to provide comfort to a critically ill loved 
one can be taught the technique of massage.
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C A S E  S T U D Y

Mr. B., a 28-year-old man, is admitted to 
the critical care unit. with multiple orthopedic and 
abdominal injuries sustained in a motorcycle 
 accident. During his third day in the critical care 
unit., he continues to describe his pain as “intoler-
able” and says it is not relieved by the combination 
of oxycodone and acetaminophen that he receives 
every 4 hours. He is grimacing and continuously 
asking for more medication before the scheduled 
dosage interval. The medical resident is frustrated 
by Mr. B.’s frequent requests and has advised 
the nurses to be conservative in medicating him 
because of his history of drug and alcohol abuse.

1. What might be major concerns of the nurse car-
ing for Mr. B.?

2. How could the nurse advocate for Mr. B.?

3. How could the nurse determine whether Mr. B. is 
seeking drugs for illicit purposes rather than for 
relief of pain?

4. What approach could the nurse take to convince 
the medical resident to consider a different anal-
gesic regimen?

R e f e r e n c e s
 1. International Association for the Study of Pain: Pain 

Terminology. Retrieved August 28, 2007, from http://www.
iasp-pain.org/AM/Template.cfm?Section=Home&template
=/ CM/HTMLDisplay.cfm&ContentID=3088#Pain

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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6
C H A P T E R

End-of-Life and Palliative Care

Technology, urgency, uncertainty, and confl ict are 
common in critical care practice. These characteristics 
may inhibit or fragment a coordinated effort that aims 
to provide good end-of-life care.1 Critical care nurses 
play an important role in recognizing opportunities for 
interventions that support patients, families, and other 
staff members during the diffi cult transition period 
between life and death. “Being with” patients and fam-
ilies in addition to “doing things to” them enables criti-
cal care nurses to provide the holistic care that is central 
to nursing.1

The introduction of palliative care principles into 
critical care practice can provide a framework to 
address end-of-life issues. Palliative care improves 
the quality of death and dying for patients and 
their families by addressing aspects of care that 
are unrelated to disease-specifi c treatments, cure, 
or rehabilitation. According to the World Health 
Organization,2 palliative care includes the following 
interdisciplinary core principles:

• Symptom management
• Advanced care planning
• Family-centered care
• Emotional, psychological, social, and spiritual care
• Facilitating communication
• Awareness of ethical issues
• Caring for the caregiver

In critical care nursing, it is vital to take an inter-
disciplinary approach to incorporating these core 
palliative care principles into the patient’s daily plan 
of care. Incorporating palliative care services into 
critical care leads to improved symptom manage-
ment, enhanced family support, reduced lengths of 
hospital stays, increased discharges to home with 
hospice referrals, and reduced costs.3 The American 
Association of Critical-Care Nurses protocols for 
critical care practice in palliative and end-of-life care 
provide a good overview of core issues and clinical 
recommendations for critical care nurses.4

Based on the content in this chapter, the reader should be able to:

1 Describe how the integration of palliative care principles into critical care is 
essential to providing end-of-life care in the critical care setting.

2 Identify common symptoms experienced at the end of life and appropriate 
measures to address them.

3 Explain the role of advance directives in facilitating end-of-life care.
4 Explain how effective communication among caregivers, patients, and family 

members can facilitate end-of-life care.
5 Explain aspects of family-centered care that are important during the end-of-

life period.
6 Identify strategies caregivers can use for managing their own grief.

O B J E C T I V E S

Morton_Chap06.indd   41Morton_Chap06.indd   41 2/4/2012   2:32:19 PM2/4/2012   2:32:19 PM



42 P A R T  T W O Essential Interventions in Critical Care

symptomatic relief can also be provided by sur-
gery (to relieve the obstruction) or placement of a 
nasogastric tube or draining percutaneous endo-
scopic gastrostomy tube.

Assessing for the presence of symptoms and work-
ing collaboratively to intervene and provide relief is 
crucial in providing good end-of-life care. If symp-
toms are intractable and cannot be relieved despite 
appropriate interventions, end-of-life (terminal) 
sedation may be considered. End-of-life sedation is 
used when the patient is experiencing unbearable 
and unmanageable pain or other symptoms and is 
approaching the last hours or days of life.5 The goal 
of end-of-life sedation is to produce a level of obtun-
dation suffi cient to relieve suffering without hasten-
ing death.5 Before end-of-life sedation is considered, 
specialists in other disciplines (eg, pain, palliative 
care, social services, chaplaincy services, mental 
health) are consulted to verify that all therapies have 
been attempted without success.

Advanced Care Planning
Advanced care planning involves making the nec-
essary arrangements so that a person’s preferences 
for end-of-life care are known and can be followed 
should the person become unable to make deci-
sions or communicate her wishes regarding care at 
a later time.

Advance Directives
Advance directives are written or oral instructions 
about future medical care that are to be followed in 
the event that the person loses the capacity to make 
decisions. Advance directives can be revised, orally 
or in writing, at any time. Each state regulates the 
use of advance directives differently.

Types of advance directives include living wills 
and durable powers of attorney for healthcare (used 
to specify a person, called a “healthcare proxy,” “sur-
rogate decision maker,” or “healthcare agent,” who is 
authorized to make decisions on behalf of the patient 
in the event that the patient cannot make decisions 
for himself or herself). The designation of a person 
as a healthcare proxy must be in written form and 
should always be up to date. The proxy should know 
the preferences of the patient and be able to commu-
nicate and adhere to those preferences.

When a patient arrives on the unit, the nurse 
determines if the patient has made an advance direc-
tive, and if so, obtains a copy to place in the patient’s 
chart. If the patient does not have an advanced 
directive but is currently able to make autonomous 
decisions, the nurse seeks to determine the patient’s 
wishes regarding end-of-life care. If the patient is 
unable to make decisions or communicate, then the 
next of kin is used as the proxy for healthcare deci-
sions. The order for determining next of kin is legal 
guardian, spouse, adult children, parents, adult 

Symptom Management
Common symptoms at the end of life include the 
following.

• Pain. The underlying disease pathology, proce-
dures, and interventions are all sources of pain in 
the dying patient. The assessment and manage-
ment of pain is discussed in Chapter 5.

• Dyspnea. Causes of dyspnea include the underly-
ing disease pathology; anxiety; and environmental 
issues (eg, feeling crowded). Common interven-
tions used for dyspnea include oxygen, opioids, 
and anxiolytics. Nonpharmacological interven-
tions such as reducing the room temperature (but 
not chilling the patient), reducing the number of 
people in the room at one time, keeping an unob-
structed line of sight between the patient and the 
outside environment, and using a fan to blow air 
gently across the patient’s face have all been found 
to be effective in decreasing dyspnea.

• Anxiety and agitation. Anxiety can be related 
to any number of physical, emotional, psycho-
logical, social, practical, and spiritual issues. 
Nonpharmacological interventions may include 
counseling, taking care of practical matters (eg, 
arranging for the care of a pet), and facilitating 
resolution of spiritual concerns (eg, arranging for 
a visit from a clergy member). If medication is 
needed, short- or long-acting benzodiazepines and 
antidepressants may be helpful. Additional inter-
ventions for anxiety are discussed in Chapter 2, 
Box 2-1.

• Depression. It is a myth that depression is “nor-
mal” at the end of life. If feelings of depression 
persist, appropriate treatment (eg, supportive psy-
chotherapy, cognitive-behavioral therapy, antide-
pressants) must be initiated.

• Delirium. Delirium is an acute change in aware-
ness or cognitive status that may manifest as 
agitation, withdrawal, confusion, inappropri-
ate behavior, disorientation, or hallucinations. 
Terminal delirium is common in patients near 
death and may manifest as day–night reversal. 
Management of delirium during the end-of-life 
care is focused more on symptom control and 
relief of the patient’s and family’s distress than on 
diagnosis and treatment of the underlying cause 
of the delirium. Benzodiazepines or neurolep-
tics (eg, haloperidol) may be used for symptom 
control.

• Nausea and vomiting. Causes of nausea and 
vomiting may include physiological factors (eg, 
intestinal obstruction, constipation, pancreatitis, 
metabolic disturbances, increased intracranial 
pressure); emotional factors; treatment-related 
factors (eg, chemotherapy); and vestibular distur-
bances. A careful assessment of the source of nau-
sea and vomiting is important in determining the 
appropriate management. Many classes of drugs 
are used to provide symptomatic relief. If intesti-
nal obstruction is causing nausea and vomiting, 

Morton_Chap06.indd   42Morton_Chap06.indd   42 2/4/2012   2:32:21 PM2/4/2012   2:32:21 PM



End-of-Life and Palliative Care C H A P T E R  6 43

the family’s mind, the opposite of “everything” is 
 “nothing.” It is also important to clearly defi ne terms 
to ensure understanding and avoid ambiguous lan-
guage. For example, to the nurse “everything” might 
include aggressive interventions, whereas to a fam-
ily member “everything” may include only those 
interventions that provide comfort and pain relief.

A seven-step approach has been suggested to help 
negotiate goals in caring for patients5:

1. Create the proper setting. Sit down, ensure pri-
vacy, and allow adequate time.

2. Determine what the patient and family know. Clarify 
the current situation and the context in which deci-
sions about goals of care should be made.

3. Explore what the patient and family are expect-
ing or hoping for. Understanding these hopes and 
expectations will assist the nurse in tailoring com-
munication and reorienting families to what is or 
might be possible.

4. Suggest realistic goals. To assist with decision 
making, share your knowledge about the patient’s 
illness, its natural course, the experience of 
patients in similar circumstances, and the effects 
that contemporary healthcare may have. Work 
through unreasonable or unrealistic expectations.

5. Respond empathically to the emotions that may 
arise.

6. Make a plan and follow through with it.
7. Review and revise the goals and treatments as 

appropriate.

Delivering Bad News
Critical care nurses must develop effective strategies 
for delivering bad news. Bad news can range from 
reporting that a patient is not responding positively 
to an intervention to telling a family member that a 
patient has died. Keeping an honest and open line 
of communication is essential to preserve the trust 
of the patient and family. Because nurses are at the 
bedside 24 hours a day, communicating with fami-
lies early that a patient is not doing well may help 
avoid a “surprise” announcement of the patient’s 
death. Bad news should be phrased in a way that 
clearly indicates that the patient is not doing well 
but the healthcare team is doing its best to help the 
patient. If discussions regarding withholding or 
withdrawing life-sustaining measures become nec-
essary, the family may be more receptive because 
they are more aware of the situation.

Notifying the family members that the patient 
has died is a special case of delivering bad news. 
Measures such as being prepared to answer ques-
tions about the patient’s death, using the person’s 
name (instead of “the patient” or “the deceased”), 
and being available to provide support can have 
a positive impact on how the family members 
remember the last moments of the patient’s life. 
Becoming comfortable with the wording of the 
message (eg, by practicing phrases before they are 
needed) allows the nurse to focus on the family and 

siblings, other adult relatives, and close friends who 
are familiar with the patient’s activities and beliefs.

Do Not Resuscitate and Do Not Attempt 
Resuscitation Orders
The standard of care for patients who experience car-
diac or respiratory arrest is to initiate cardiopulmo-
nary resuscitation (CPR). The immediate intervention 
to preserve life without the express consent of the 
patient is supported by the principle of benefi cence. 
However, patients can request that resuscitation not 
be attempted, especially when death is imminent 
and inevitable. Do not resuscitate (DNR) and do not 
attempt resuscitation (DNAR) orders are orders placed 
by a physician, most often with the consent of the 
patient or the healthcare proxy, to alert caregivers that 
if the patient experiences cardiac or respiratory arrest, 
no attempts to restore cardiac or pulmonary function 
should occur. The order is written, signed, and dated 
by the responsible physician and is reviewed periodi-
cally (eg, every 24 to 72 hours) per facility policy.

RED FLAG! It is important to recognize that
DNR and DNAR orders do not mean “do not give
appropriate care.” Although resuscitation efforts
should not be initiated for a patient with a DNR or
DNAR order, the patient should continue to receive
appropriate medical and nursing care throughout the
duration of the hospitalization.

RED FLAG! If an arrest occurs in a situation in
which a formal DNR decision has not been made
and written, the presumption of the medical and
nursing staffs should be in favor of life, and a code
should be called. A “slow code” (one in which the
nurse takes excessive time to call the code, or the 
healthcare team takes an excessive time to respond
to it) is never permissible.

Communication and End-of-Life Care
Communication among the healthcare team, the 
patient, and family is an important aspect of caregiv-
ing in critical care, especially at the end of life. Good 
communication facilitates a better understanding of 
how to care for the patient and family and fosters 
an environment that supports the physical and psy-
chosocial needs of the patient, family, and providers.

Establishing Treatment Goals and 
Priorities
Establishing treatment goals and priorities is essen-
tial to facilitating decision making with regard 
to care. The way in which options are presented 
can infl uence the decisions the patient and family 
make. For example, if a nurse asks “Do you want 
the  healthcare team to do everything for your loved 
one?” it sets the family up for a “yes” answer. In 
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Withholding or Withdrawing Life-
Sustaining Measures
When it becomes clear to the family and  healthcare 
providers that additional treatment will not be 
benefi cial, the decision may be made to withdraw 
life-support methods (eg, mechanical ventilation, 
hemodialysis, tube feeding). The healthcare system 
requires that patients and their proxy decision mak-
ers be active in making decisions about healthcare 
treatment. However, at times, the healthcare team 
tries to place the responsibility for making a cru-
cial decision, such as withdrawing treatment, on 
the family. It is important to remember that fam-
ily members are not healthcare professionals. Even 
when family members are healthcare professionals, 
they are family members fi rst and healthcare profes-
sionals second, and they may make decisions based 
more on their relationship with the patient than 
on sound medical or nursing decisions. The best 
approach is to help the family understand the ben-
efi ts and drawbacks of continuing treatment and to 
make the decision jointly. When the decision is made 
to withdraw a therapy, measures are taken to reduce 
the suffering of the patient and to minimize family 
members’ distress. For example opioids or sedatives 
may be administered to the patient, and the alarms 
on equipment may be silenced to allow the family to 
focus on the patient rather than the technology.

Brain Death
All states have laws addressing the defi nition of death 
in the state. It is important that the nurse know the 
legal defi nition of death in any state where he or she 
is practicing. A “brain dead” patient (ie, one who has 
experienced the irreversible loss of all brain func-
tion) is legally dead, and there is no legal duty to 
continue to treat him or her. It is not necessary to 
obtain court approval to discontinue life support on 
a patient who is brain-dead. Furthermore, although 
it can be desirable to obtain family permission to 
discontinue treatment of a brain-dead patient, there 
is no legal requirement. However, before terminat-
ing life support, physicians and nurses should be 
sure that organs are not intended for transplanta-
tion purposes.

Organ and Tissue Donation
Organs and tissues can be procured after cardiac 
death or brain death. Both federal law and the Joint 
Commission require facilities to have written pro-
tocols regarding organ and tissue donation, and 
that family members be given the chance to autho-
rize donation of the patient’s tissues and organs.7 
When organ or tissue procurement is a possibility, 
it is important that all family members are given 
the information they need to make a decision with 
which they are comfortable and that their grief is 
respected.

their reaction to the message, instead of the message 
itself and how that message is delivered.

Family-Centered Care
Serious illness affects not only the patient but also 
the family.

Visitation
To the greatest extent possible, families should be 
free to visit a patient who is near death. The ability 
to see, touch, and communicate with the patient is 
reassuring for both the patient and family. During 
this period of closure, cultural or spiritual ceremo-
nies may also take place. The nurse seeks to facilitate 
visitation while taking into consideration the physi-
cal and emotional needs of the patient, as well as the 
patient’s wishes. For example, the nurse must also 
be alert to signs from the patient (eg, agitation) that 
a particular family member is unwelcome. If there 
is tension among certain family members, a visiting 
schedule may need to be established to allow family 
members to see the patient without crossing paths.

Bereavement Care
The death of a patient can affect family members 
in different ways. Previous experiences with death, 
coping skills, cultural and spiritual beliefs, and the 
circumstances surrounding the death infl uence the 
grief experience. Bereavement support includes 
providing family members with information about 
bereavement support services available through the 
facility, as well as information about how to make 
arrangements after the death and who can be con-
tacted at the facility if questions arise.

It is important to do everything possible to allow 
the family suffi cient time to go through their leave-
taking rituals. Not allowing family members the 
chance to say goodbye can complicate the grieving 
process and negatively infl uence how the family 
remembers the experience of losing their loved one.

Legal and Ethical Issues in End-of-Life 
Care
Principle of Double Effect
The principle of double effect involves actions that 
have two effects, one good and one bad.6 This prin-
ciple often applies with the administration of pain 
medications to patients who are dying. Opioids are 
used to relieve pain and other symptoms of suffer-
ing (ie, the good effect). However, opioids also may 
cause respiratory and cardiovascular depression 
that may hasten death (ie, the bad effect). If the pri-
mary intention is to relieve pain and suffering with 
the recognition that it may hasten death, it is mor-
ally and legally permissible to administer the opioid.
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Caring for the Caregiver
Some deaths affect the nurse more signifi cantly than 
others. The death of a child, the death of a friend 
or colleague, mass casualties, or a particularly hor-
rifi c, traumatic death can have a profound effect on 
the nurse. Nurses may delay attending to their own 
grief because the demands of the unit and the needs 
of the family members may take precedence. It is 
important for nurses to recognize their grief and 
take appropriate measures to address it. Self-care 
strategies include:

• Asking for temporary relief from care 
responsibilities

• Refl ecting on feelings after the event
• Discussing the experience with a colleague, friend, 

or nurse leader
• Focusing on what was done right
• Maintaining physical health (eg, through regu-

lar exercise, proper nutrition, adequate rest, and 
stress-relieving activities)

C A S E  S T U D Y

Mrs. M. is a 35-year-old woman who was in 
a motor vehicle collision. She sustained a severe 
brain injury (subdural hematoma and diffuse axonal 
injury), bilateral pulmonary contusions, and a liver 
laceration. By hospital day 3, she has received 30 
units of packed red blood cells and is beginning 
to exhibit signs of organ dysfunction (eg, elevated 
creatinine and blood urea nitrogen levels, coagu-
lopathy). She remains unresponsive. The primary 
physician is at the bedside and wants to discuss 
the options for future care with the family. The 
physician raises the subjects of initiating a do-
not-resuscitate (DNR) order and withdrawing life 
support.

1. What are the nurse’s responsibilities toward 
the family following the conversation with the 
physician?

2. If the family decides to initiate a do-not-resusci-
tate (DNR) order, to remove life support, or both, 
what are the major goals in caring for Mrs. M.?
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Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R

7
Providing Nutritional Support, 
Fluids, and Electrolytes

Physiological stressors, such as illness and injury, 
alter the body’s metabolic and energy demands. 
Patients can experience considerable weight loss 
(>10 kg) during and after a stay in the critical care 
unit. This unintentional weight loss may deplete 
vital nutrient reserves, which may predispose the 
patient to malnutrition. Malnutrition from starva-
tion alone can usually be corrected by replacing 
body stores of essential nutrients. However, malnu-
trition resulting from critical illness and disease pro-
cesses that alter metabolism is not as easily rectifi ed 
and can have serious consequences for the hospital-
ized patient (Box 7-1). Early identifi cation of nutri-
tional defi ciencies and appropriate intervention can 
lessen morbidity and mortality risks in critically ill 
patients.

Metabolism has two parts: anabolism and catab-
olism. Anabolism builds up and repairs the body, 
which requires energy. Catabolism breaks down 
food and body tissues to liberate energy. Glucose 
is the obligatory fuel of the body. The liver, which 
has the ability to both store and synthesize glucose, 
regulates glucose entry into the circulatory system. 
The liver converts and stores excess glucose as either 

glycogen or fatty acids (triglycerides). Because there 
is no pathway for converting fatty acids back to glu-
cose, fatty acids are used directly as a fuel source 
or are converted to ketones by the liver. After pro-
longed starvation, the body adapts to preserve vital 
proteins by using ketones, rather than glucose, as 
energy. Ketoacidosis occurs when ketone produc-
tion exceeds utilization.

The pancreatic hormones insulin and glucagon 
have opposing functions in metabolism. Insulin 
helps transport glucose for storage into the cells 
and tissues, prevents fat breakdown, and increases 
protein synthesis. Glucagon stimulates glycoge-
nolysis (glycogen breakdown) and gluconeogen-
esis (glucose synthesis from other sources such as 
proteins), and it increases lipolysis (fat breakdown 
and mobilization). The catecholamines epinephrine 
and norepinephrine, which are released from the 
adrenal medulla in times of stress, also play a role 
in glycogenolysis. Once glucose and glycogen stores 
have been exhausted (usually within 8 to 12 hours), 
hepatic gluconeogenesis increases dramatically 
to meet metabolic demands in response to gluca-
gon and the glucocorticoid hormone cortisol. If 

Based on the content in this chapter, the reader should be able to:

1 Explain how the physiological stressors of illness and injury alter the body’s 
needs for energy.

2 Describe data obtained during assessment of the patient’s nutritional status.
3 Describe the nurse’s role in providing enteral nutrition.
4 Describe the nurse’s role in providing parenteral nutrition.
5 Describe the nurse’s role in ensuring fl uid balance.
6 Describe the nurse’s role in the acute management of electrolyte imbalances.

O B J E C T I V E S
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ICU nurses are responsible for obtaining an initial 
“dry weight” (ie, the patient’s weight before fl uids 
are administered), as well as daily weight measure-
ments, vital signs, intake and output measurements, 
and laboratory data. In addition, the nurse must 
monitor for clinical signs of dehydration (ie, thirst, 
dry mucous membranes, tachycardia, poor skin tur-
gor), and fl uid excess (ie, peripheral edema, adventi-
tious lung sounds). Early detection and subsequent 
interventions may prevent the occurrence of exces-
sive fl uid shifts and cardiac compromise.

An important factor that infl uences nutritional 
status is nitrogen balance, a sensitive indicator of 
the body’s gain or loss of protein. An adult is in 
nitrogen balance when the nitrogen intake equals 
the nitrogen output (in urine, feces, and perspira-
tion). A positive nitrogen balance exists when nitro-
gen intake exceeds nitrogen output and indicates 
tissue growth (such as occurs during recovery from 
surgery) and rebuilding of wasted tissue. A negative 
nitrogen balance indicates that the tissue is break-
ing down faster than it is being replaced.

Nutritional Support
Goals for nutritional support may include:

• Prevention and treatment of macronutrient and 
micronutrient defi ciencies

• Maintenance of fl uid and electrolyte balance
• Reduction in patient morbidity and mortality

In patients unable to meet their nutritional needs 
with oral intake, nutritional supplementation may 
be delivered by either enteral or parenteral routes.

Enteral Nutrition
Enteral nutrition refers to any form of nutrition 
delivered to the gastrointestinal tract through a 
feeding tube placed into the stomach or the small 
intestine. Enteral nutrition is considered when the 
patient cannot or should not eat or intake is insuf-
fi cient or unreliable.

For patients with an intact gastrointestinal tract, 
the enteral route is the preferred method of nutri-
tional support (“If the gut works, use it.”). The gas-
trointestinal mucosa depends on nutrient delivery 
and adequate blood fl ow to prevent atrophy, thereby 
maintaining the absorptive, barrier, and immuno-
logical functions of the intestine. Gut-associated 
lymphoid tissue (GALT) lines the gastrointestinal 
tract and is associated with maintenance of the 
immunological function of the mucosa. Without 
food, the gastrointestinal mucosa atrophies, the 
tissue available to absorb nutrients decreases, 
and GALT is impaired. Bacterial translocation 
(ie, the entry of resident gastrointestinal bacteria and 
endotoxins into the systemic circulation) can trig-
ger immune and infl ammatory responses, leading 
to infection, sepsis, and multisystem organ failure.1 
In addition to helping to preserve gastrointestinal 

catabolic processes continue without the support of 
energy, amino acids, and essential nutrients, exist-
ing body stores become depleted and malnutrition 
may develop.

All tissues require protein to maintain struc-
ture and facilitate wound healing. If protein intake 
is inadequate, the body becomes catabolic, seek-
ing protein from skeletal muscle and vital organs. 
Protein–calorie malnutrition is typically caused 
by acute, life-threatening conditions (eg, surgery, 
trauma, sepsis) and is due to depletion of fat, muscle 
wasting, and micronutrient defi ciencies from acute 
and chronic illness. Clinical signs of protein-calorie 
malnutrition include generalized edema (the result 
of extracellular fl uid shifts caused by low-protein 
oncotic pressures in the intravascular space), hair 
loss, skin breakdown, poor wound healing and sur-
gical wound dehiscence. Laboratory data reveal 
low serum albumin levels, and treatment requires 
aggressive repletion of protein stores.

RED FLAG! Protein-calorie malnutrition is much 
easier to prevent than to treat.

Nutritional Assessment 
A critically ill patient’s nutritional status may fall 
anywhere on a continuum ranging from optimal 
nutrition to malnutrition. Nutritional disturbances 
can be subtle and are frequently nonspecifi c. The 
nurse, registered dietician or nutritionist, and other 
members of the nutritional support team work col-
laboratively to assess and manage the patient’s nutri-
tional status. The nutritional assessment includes:

• A history, including questions aimed at under-
standing factors that can affect the patient’s food 
intake and the patient’s usual eating habits and 
preferences

• Physical examination (Table 7-1) 
• Anthropometric measurements (ie, height, 

weight, body mass index [BMI], triceps skin-
fold thickness, and midarm and arm muscle 
circumference)

• Laboratory studies (Table 7-2) 

Serial weight measurement is perhaps the single 
most important indicator of nutritional status and 
is the evaluation that the nurse performs most often. 

B O X  7 - 1   Consequences of Malnutrition for 
the Hospitalized Patient

• Delayed wound healing
• Increased complications
• Immunosuppression
• Increased length of hospitalization
• Organ impairment
• Increased morbidity and mortality
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TA B L E  7 - 1 Physical Assessment Interpretation in Nutritional Disorders

Body System or Region Sign or Symptom Implications

General Weakness and fatigue
Weight loss

Anemia or electrolyte imbalance, decreased calorie 
intake, increased calorie use, or inadequate 
nutrient intake or absorption

Skin, hair, and nails Dry, fl aky skin Vitamin A, vitamin B complex, or linoleic acid 
defi ciency

Dry skin with poor turgor
Rough, scaly skin with bumps
Petechiae or ecchymoses
Sore that will not heal
Thinning, dry hair
Spoon-shaped, brittle, or rigid nails

Dehydration
Vitamin A defi ciency
Vitamin C or K defi ciency
Protein, vitamin C, or zinc defi ciency
Protein defi ciency
Iron defi ciency

Eyes Night blindness; corneal swelling, 
softening, or dryness; Bitot’s spots 
(gray triangular patches on the 
conjunctiva)

Vitamin A defi ciency

Red conjunctiva Ribofl avin defi ciency
Throat and mouth Cracks at the corner of mouth

Magenta tongue
Beefy, red tongue
Soft, spongy, bleeding gums
Swollen neck (goiter)

Ribofl avin or niacin defi ciency
Ribofl avin defi ciency
Vitamin B12 defi ciency
Vitamin C defi ciency
Iodine defi ciency

Cardiovascular Edema
Tachycardia, hypotension

Protein defi ciency
Fluid volume defi cit

Gastrointestinal Ascites Protein defi ciency
Musculoskeletal Bone pain and bow leg

Muscle wasting
Vitamin D or calcium defi ciency
Protein, carbohydrate, and fat defi ciency

Neurological Altered mental status
Paresthesia

Dehydration and thiamine or vitamin B12 defi ciency
Vitamin B12, pyridoxine, or thiamine defi ciency

From Nutrition Made Incredibly Easy. Philadelphia, PA: Lippincott Williams & Wilkins, Springhouse, 2006.

TA B L E  7 - 2 Laboratory Studies to Evaluate Nutritional Status

Study Clinical Signifi cance

Hemoglobin Helps identify anemia, protein defi ciency, excessive blood loss, hydration status (elevated with 
dehydration; decreased with overhydration)

Hematocrit Decreased value with overhydration and increased with dehydration; blood loss; poor dietary 
intake of iron, protein, certain vitamins

Albumin Decreased with protein defi ciency; blood loss secondary to burns; malnutrition; liver/renal 
disease; heart failure; major surgery; infections; cancer

Elevated with dehydration
Total protein Decreased with overhydration, malnutrition, liver disease
Prealbumin Decreased in malnutrition in critically ill patients and those with chronic disease
Transferrin Refl ects current protein status; a more sensitive indicator of visceral protein stores

Elevated in pregnancy or iron defi ciency
Decreased in acute or chronic infection, cirrhosis, renal disease, cancer

Retinol-binding protein Decreased in overhydration and liver disease
Total lymphocyte count May indicate malnutrition when no other cause of elevated lymphocyte count apparent; may 

point to infection, leukemia, or tissue necrosis

tract function, enteral feeding is easier, safer, and 
less costly to administer than parenteral nutrition. 
Contraindications to enteral nutrition are given in 
Box 7-2.

A common misconception is that enteral feedings 
should not be started if bowel sounds are absent. 
Bowel sounds are an indication of large intesti-
nal motility, not of absorption. After injury and 

postoperatively, bowel sounds may not be detected 
for 3 to 5 days owing to gastric atony. The small 
intestine is less prone to ileus than the stomach or 
the colon and retains its absorptive and digestive 
capabilities, making it possible to accept enteral 
feedings immediately after surgery or trauma.2

The ultimate goal is for the patient to resume 
adequate oral intake. Enteral feeding may be 
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discontinued when the patient can drink enough to 
maintain hydration and eat enough to meet at least 
two thirds of her nutritional requirements.

Enteral Feeding Tubes
The expected duration of nutritional support, the 
placement technique, and the patient’s overall con-
dition, aspiration risk, and gastrointestinal tract 
function are considered when deciding on which 
type of feeding tube to place.

Nasoenteral Feeding Tubes
Nasoenteral tubes are inserted through the nose or 
mouth and advanced through the esophagus into 
the stomach (nasogastric tube), duodenum (naso-
duodenal tube), or jejunum (nasojejunal tube) (Fig. 
7-1). A nasoenteric tube is indicated for short-term 
use (ie, less than 4 to 6 weeks). The small diam-
eter of the nasoenteral tube may help prevent refl ux 
and lessen the risk for aspiration because there is 
less compromise of the lower esophageal sphinc-
ter. When placed past the pylorus, nasoduodenal 
and nasojejunal tubes also carry a reduced risk for 
aspiration and regurgitation because of the barrier 
provided by the pyloric sphincter. Potential compli-
cations associated with nasoenteral tubes include 
sinusitis, epistaxis, erosion of the nasal septum or 
esophagus, otitis, vocal cord paralysis, and distal 
esophageal strictures.

Nasoenteral tubes can be accidentally placed 
in the trachea or bronchial tree. Patients with a 
decreased level of consciousness, poor cough or gag 
refl ex, or an inability to cooperate are at increased 
risk for pulmonary intubation. Before initiating 
tube feeding with a nasoenteral tube, proper tube 
placement must be confi rmed by an abdominal 
radiograph.

RED FLAG! Nasoenteral feeding tubes are 
contraindicated in patients with basilar skull 
fractures because of the risk for passing the tube 
through the cribiform fracture and into the brain. For 
these patients, enteral feeding tubes must be placed 
orally.

Because a nasoenteral tube may shift position, 
ongoing assessment of tube placement is required. 
After confi rming proper positioning radiographi-
cally, the tube’s exit site from the nose or mouth 
is marked and documented to facilitate ongoing 
assessment. An increase in the external length of 
the tubing can signal that the tube’s distal tip has 
dislocated upward in the gastrointestinal tract (eg, 
from the intestine into the stomach or esopha-
gus, or from the stomach into the esophagus). 
Measuring the pH and observing the appearance 
of fl uid withdrawn from the tube may also be used 
to evaluate tube placement, although this method 
is not 100% reliable (Table 7-3, p. 51). Injecting air 
into the tube and auscultating the gastric bubble, 
although commonly used, is also not 100% accu-
rate and should not be relied on alone to deter-
mine tube location.

RED FLAG! If at any time tube location is in 
question, the nurse holds the tube feeding and 
requests an order for an abdominal radiograph to 
confi rm placement.

Enterostomal Feeding Tubes
If therapy is expected to last a month or more, 
a more permanent enterostomal device can be 
inserted through the abdomen into the stom-
ach (gastrostomy) or jejunum (jejunostomy) (see 
Fig. 7-1). Various techniques may be used to place 
enterostomal feeding tubes:

B O X  7 - 2   Contraindications to Enteral 
Nutrition

Absolute Contraindications
• Mechanical obstruction

Relative Contraindications
• Severe hemorrhagic pancreatitis
• Necrotizing enterocolitis
• Prolonged ileus
• Severe diarrhea
• Protracted vomiting
• Enteric fi stulas
• Intestinal dysmotility
• Intestinal ischemia

NASOENTERIC ROUTES

 Nasogastric
 Nasoduodenal
 Nasojejunal

Gastrostomy

Jejunostomy

F I G U R E  7 - 1  Enteral feeding routes.
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or in the endoscopy suite using minimal seda-
tion. Because the endoscope is passed through 
the mouth and upper gastrointestinal tract, the 
patient must have an intact oropharynx and an 
unobstructed esophagus. In addition, the patient 
must not have any conditions that would result in 
an inability to bring the gastric wall into apposi-
tion with the abdomen. Prior abdominal surgeries, 
ascites, hepatomegaly, and obesity may impede 
gastric transillumination and preclude percutane-
ous endoscopic tube placement. Advantages of per-
cutaneous endoscopy include earlier feeding after 
tube placement, increased comfort, decreased cost, 
and decreased recovery time. Complications are 
infrequent but include wound infection related to 
bacterial contamination by oral fl ora during inser-
tion, necrotizing fasciitis, peritonitis, and aspira-
tion. Pneumoperitoneum is common following 
tube placement by percutaneous endoscopy but 
is not clinically signifi cant unless accompanied by 
signs and symptoms of peritonitis.

• Surgery. The gastrostomy or jejunostomy tube 
is inserted through an incision in the abdominal 
wall under general anesthesia. Disadvantages of 
surgical placement include the need for general 
anesthesia, increased recovery time, decreased 
comfort, and increased cost.

• Laparoscopy. A laparoscopically placed gastros-
tomy tube also requires general anesthesia or 
IV conscious sedation. Laparoscopic placement 
is usually used for patients with head, neck, or 
esophageal cancer. It is less invasive, less painful, 
and usually involves fewer complications than a 
surgical gastrostomy.

• Fluoroscopy. Direct percutaneous catheter inser-
tion of a gastrostomy tube under fl uoroscopy is 
indicated for patients with high-grade pharyngeal 
or esophageal obstruction. Disadvantages of fl uo-
roscopic placement include the inability to detect 
mucosal disease, the potential for prolonged expo-
sure to radiation, the need to transport the patient 
to a fl uoroscopy suite, and increased cost.

Enterostomal tubes are secured to the abdominal 
wall to prevent dislodgment or migration of the 
tube and to prevent tension on the tubing (Fig. 7-2). 
“Buried bumper syndrome” can occur if the reten-
tion device is too tight and becomes imbedded in 
the tissue, leading to mucosal or skin erosion. 
In-and-out play on the tubing is checked; it should 
be able to move 1/4 inch to prevent erosion of gas-
tric or abdominal tissue. The length of the external 
tubing is documented to monitor for migration of 
the tubing.

Serosanguineous drainage may be expected for 
7 to 10 days after insertion. The skin around the 
insertion site and the retention device is assessed 
at least daily for skin breakdown, erythema, or 
drainage. To avoid maceration, the site is kept 
clean and dry and lifting or adjusting the tube is 
avoided for several days after the initial insertion. 
When drainage is present, the amount of dressing 

EVIDENCE-BASED PRACTICE GUIDELINES
 Verifi cation of Feeding Tube Placement

PROBLEM: Erroneous placement of a feeding tube can 
cause serious and even fatal complications.

EVIDENCE-BASED PRACTICE GUIDELINES

1. Use a variety of bedside methods to predict tube location 
during the insertion procedure, including observation for 
signs of respiratory distress, capnography, measurement 
of aspirate pH, and observation of aspirate. (level B)

2. Recognize that auscultatory (air bolus) and water bubbling 
methods of verifying tube location are unreliable. (level B)

3. Obtain radiographic confi rmation of correct placement 
of any blindly inserted tube prior to initiating feedings or 
medication administration. The radiograph should visual-
ize the entire course of the feeding tube in the gastroin-
testinal tract and should be read by a radiologist to avoid 
errors in interpretation. (level A)

4. Mark and document the tube’s exit site from the nose or 
mouth immediately after radiographic confi rmation of cor-
rect tube placement. (level A)

5. Check tube location at 4-hour intervals after feedings are 
initiated. (level B)

 Observe for a change in length of the external portion of 
the feeding tube.

 Review routine chest and abdominal x-ray reports to look 
for notations about tube location.

 Observe changes in volume of aspirate from the feeding 
tube.

 Measure pH of feeding tube aspirates if feedings are 
interrupted for more than a few hours.

 Obtain an x-ray to confi rm tube position if there is doubt 
about the tube’s location.

KEY

Level A: Meta-analysis of quantitative studies or metasynthesis of 
qualitative studies with results that consistently support a specifi c 
action, intervention, or treatment

Level B: Well-designed, controlled studies with results that consis-
tently support a specifi c action, intervention, or treatment

Level C: Qualitative studies, descriptive or correlational studies, 
integrative review, systematic reviews, or randomized controlled 
trials with inconsistent results

Level D: Peer-reviewed professional organizational standards with 
clinical studies to support recommendations

Level E: Multiple case reports, theory-based evidence from expert 
opinions, or peer-reviewed professional organizational standards 
without clinical studies to support recommendations

Level M: Manufacturer’s recommendations only

 ■ Adapted from American Association of Critical-Care Nurses (AACN) Prac-
tice Alert, revised 12/2009.

• Percutaneous endoscopy may be used to place 
gastrostomy or jejunostomy tubes. Placement is 
through an abdominal incision using direct endo-
scopic visualization. Percutaneous endoscopic 
tube placement may be performed at the bedside 
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between the external retention device and the 
skin is limited to avoid pulling the internal reten-
tion device taut against the gastric or intestinal 
mucosa. Cleansing the site with soap and water is 
adequate. The tissue usually heals within a month. 
If an enterostomal tube becomes accidentally 
dislodged, the physician must be notifi ed imme-
diately so that the tube can be reinserted quickly 
before the tract closes.

Providing Enteral Nutrition
Numerous formulas are available for enteral nutri-
tion, with many designed to assist in the man-
agement of specifi c disease processes (Table 7-4). 
Enteral formula selection is based on the patient’s 
clinical status, nutrient requirements, fl uid and elec-
trolyte restrictions, and gastrointestinal function; the 
location of enteral access; the expected duration of 
enteral feeding; and cost. All enteral formulas con-
tain proteins, carbohydrates, fats, vitamins, miner-
als, trace elements, and water.

When initiating enteral tube feedings, most clini-
cians recommend beginning with an isotonic formula 
at a slow rate (eg, 20 to 30 mL/h), and increasing the 
rate incrementally until the goal rate is achieved.1 
Dilution of formula may help in tolerance but is not 
recommended because this may increase the time 
needed to meet the nutritional requirements.1

Methods of administering enteral feedings include 
the following.

• Bolus feedings, considered the most natural physi-
ologically, entail using a syringe to administer a 
large volume of formula (eg, up to 400 mL) over 5 
to 10 minutes, fi ve to six times a day. Alternatively, 
300 to 400 mL of formula may be administered by 
slow gravity drip over a period of 30 to 60 minutes, 
four to six times a day (this is termed bolus inter-
mittent feeding). Bolus feedings allow for increased 
patient mobility because the patient is free from a 
mechanical device between feedings. The stomach 
is the preferred site for bolus feedings because the 
stomach and pyloric sphincter regulate the outfl ow 
of formula from the stomach. However, because of 
high residuals, bolus feedings are usually not well 
tolerated and are often accompanied by nausea, 
bloating, cramping, diarrhea, or aspiration. The risk 
for osmotic diarrhea is decreased with bolus inter-
mittent feeding.

• Continuous feedings are administered over 
24 hours using a feeding pump to ensure a 
 constant fl ow rate. Continuous feeding is the 
 preferred method when the feeding tube is placed 
in the intestines because delivery to the intestines 
that is too rapid may lead to “dumping syndrome” 
(osmotic diarrhea, abdominal distention, cramps, 
hyperperistalsis, lightheadedness, diaphoresis, and 
palpitations). The small intestine can  usually toler-
ate feedings at a rate of 150 mL/h. Continuous feed-
ings are best suited for  critically ill patients because 
they allow more time for nutrients to be absorbed 
in the intestine and may act prophylactically to 
prevent stress ulcers and metabolic complications.

TA B L E  7 - 3 Characteristics of Aspirate From Enteral Feeding Tubes

Source of Aspirate Aspirate pH Aspirate Appearance Clinical Signifi cance

Stomach 5 or less Grassy green or clear and colorless 
with off-white to tan mucus shreds

Normal if tube is supposed to terminate 
in stomach

Abnormal if tube is supposed to 
terminate in the intestine

Small bowel 6 or greater Bile-stained (ranging in color 
from light to golden yellow or 
brownish-green); thicker and more 
translucent than fl uid withdrawn 
from a gastric tube

Normal if tube is supposed to terminate 
in the intestine 

Abnormal if tube is supposed to 
terminate in stomach

Tracheobronchial tree 6 or greater Similar to fl uid obtained during 
tracheal suctioning

Abnormal

Pleural space 6 or greater Straw-colored and watery, possibly 
blood-tinged

Abnormal

Plug-in adapter
Tubing clamp

External retention device

Internal retention device

Mushroom
catheter tip

Stomach wall

F I G U R E  7 - 2  Percutaneous endoscopic gastrostomy (PEG) tube.
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RED FLAG! Tube feeding should be held if the 
patient demonstrates overt signs of regurgitation, 
vomiting, or aspiration.

The nurse checks gastric residual volumes every 
4 to 6 hours during continuous feedings and before 
initiating intermittent feedings. Food normally passes 
through the stomach at a rate of 2 to 10 mL/min; 
however, gastric emptying is delayed or absent in 
many critically ill patients. To allow time for normal 
gastric emptying and reduce the risk for aspiration, it 
is common to hold the feeding for 1 to 2 hours if the 
residual volume is greater than 250 mL. The residual 
volume should be rechecked every 1 to 2 hours until 
it is less than 200 to 250 mL from a nasogastric tube 
or less than 100 mL from a gastrostomy tube. The 
residuals should be replaced and not discarded.

Withholding feedings based on a single high 
residual volume measurement can be  problematic.3 
A high residual volume should raise suspicion of 
intolerance, but one high value does not mean 
 feeding failure, and automatic cessation of  feeding 
can delay the patient’s ability to meet his  nutritional 
goals. When evaluating residual volumes, the 
 following points should be kept in mind:

• There is no concensus about what constitutes a 
“high” residual volume. Amounts ranging from 
100 to 400 mL may be considered “high.”

• High infusion rates result in higher residual 
volumes.

• It is diffi cult to determine whether gastric contents 
have been completely removed, so the measured 
residual volume may be less than the actual resid-
ual volume.

• High residual volumes do not always correlate 
with an increased risk for aspiration, and low 
residual volumes do not preclude aspiration.2

Precipitation of medications, pill fragments, or 
coagulation of formula may cause obstruction of 
the feeding tube. To avoid clogging, the feeding 
tube is fl ushed with tepid water every 4 to 6 hours 
during continuous feeds, before and after medica-
tion administration, after checking residuals, and 
when turning off feedings. Obstructions are cleared 
by fl ushing the tube with warm water using a large 
piston syringe and a gentle push–pull motion. 
Pancreatic enzymes have been effective in unclog-
ging a tube when water is unsuccessful, as long as 
the enzymes are activated before instillation.4

RED FLAG! A stylet should never be used to unclog 
a tube because of the risk for rupturing the tube 
and perforating the esophagus, stomach, or small 
intestine.

Complications of Enteral Nutrition
Although enteral nutrition is associated with fewer 
complications than parenteral nutrition, complica-
tions may still occur (Box 7-3). Many of these com-
plications can be prevented by closely observing 
residuals and watching for signs and symptoms of 
intolerance to the enteral feedings. Two major com-
plications associated with enteral nutrition include 
diarrhea and aspiration.

Diarrhea
Diarrhea in a patient receiving enteral feeding has a 
myriad of causes:

• Medications (eg, antibiotics)
• Bacterial overgrowth (eg, due to reduced motility, 

acid suppression)
• Formula composition (eg, intolerance to lactose, 

fat, or osmolality)
• High infusion rates

TA B L E  7 - 4 Types of Enteral Formulas

Formula Description Comments

Polymeric • Isotonic formulas that can provide enough protein, 
carbohydrate, fat, vitamins, trace elements, and 
minerals to prevent nutritional defi ciencies

• Carbohydrates supplied as oligosaccharides 
and polysaccharides

• Proteins supplied as intact proteins (eg, meat, 
whey, milk, or soy proteins)

• Supply 1–2 kcal/mL

Pancreatic enzymes required for 
digestion of carbohydrates and 
proteins

Peptide (elemental) • Proteins supplied as dipeptides, tripeptides, 
or oligopeptides and free amino acids (from 
hydrolysis of whey, milk, or soy protein)

Used when digestion is impaired 
(eg, pancreatic insuffi ciency, 
radiation enteritis, Crohn’s disease, 
short bowel syndrome secondary to 
surgical resection)

Modular • Contain individual nutrient components 
(eg, protein, carbohydrate, fat)

Added to other formulas to meet the 
patient’s individualized needs

Immunonutrition 
(immune-enhancing)

• Contain addition nutrients purported to enhance 
immune function (eg, glutamine, arginine, 
omega-3-polyunsaturated fatty acids)

Immune-enhancing benefi ts have not 
been proven
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• Hypoalbuminemia
• Contamination of the formula or administration set

Measures such as reducing the infusion rate, using 
a peptide-based formula that is easier to digest or a 
fi ber-containing formula to bulk stools, and giving 
an absorbing product (eg, Metamucil), may resolve 
the diarrhea. The risk for diarrhea caused by con-
tamination of the formula or administration set can 
be reduced by:

• Minimizing breaks in the system
• Using formula in closed, prefi lled, ready-to-hang 

containers
• Hanging no more than 4 hours of formula at one 

time and using any open formula within 24 hours
• Discarding expired formula
• Changing the administration set daily, and rinsing 

between bolus feedings
• Using good handwashing technique and wearing 

gloves when administering feedings or handling 
the equipment

Aspiration
Aspiration of formula can result in hypoxia or pneu-
monia. Many critically ill patients have multiple risk 
factors for aspiration, in addition to enteral feeding 
(eg, endotracheal intubation, mechanical ventila-
tion, altered level of consciousness). In patients with 
endotracheal tubes who are receiving enteral nutri-
tion, the incidence of aspiration is as high as 50% 
to 75%.2 Intermittent feedings allow the restoration 
of gastric pH, which can minimize gastric bacterial 
colonization and the risk for aspiration pneumonia. 
Other measures to reduce the risk for aspiration in 
patients who are receiving enteral nutrition include:

• Maintaining the head of the bed at a 30- to 
45-degree angle, unless medically contraindicated 
(if elevating the head of the bed is contraindicated, 
a reverse Trendelenburg position may be used 
unless medically contraindicated)

• Discontinuing feedings at least 30 minutes before 
any procedure for which the patient must lay fl at

• Checking residuals frequently, and assessing for 
signs of feeding intolerance (through subjective 
reports, if the patient is awake and alert, and 
abdominal examination to assess bowel sounds 
and changes in abdominal girth)

• Maintaining endotracheal cuff pressures at 20 to 
30 cm H2O and performing subglottic suctioning 
prior to defl ating the cuff

RED FLAG! Signs of pulmonary aspiration include 
a low-grade fever, coughing, shortness of breath, 
rhonchi during or after enteral feeding infusions, and 
tracheal or oral secretions with a sweet formula odor.

Parenteral Nutrition
Parenteral nutrition is indicated when oral or enteral 
nutrition is not possible or when absorption or func-
tion of the gastrointestinal tract is not suffi cient to 
meet the nutritional needs of the patient. There are 
two types of parenteral nutrition:

• Peripheral parenteral nutrition (PPN) is infused 
into a small peripheral vein and is often used for 
short-term nutrition support or as a supplement 
during transitional phases to enteral or oral nutri-
tion. Because of the risk for phlebitis, concen-
trations of PPN formulas must not exceed 900 
mOsm/L.

• Total parenteral nutrition (TPN), also known as 
central parenteral nutrition, is infused through a 
large central vein. The TPN formula is highly con-
centrated. The greater blood volumes in large cen-
tral veins facilitate dilution and dispersion of the 
highly osmotic formula.

Formula Composition
TPN delivers all daily required nutrients to the 
patient in the form of macronutrients (carbohy-
drates, lipids, and amino acids) and micronutrients 
(electrolytes, vitamins, and trace minerals). When 
all three macronutrients are combined together 
in one TPN bag, the admixture is referred to as a 
“3 in 1.” Sometimes lipids are infused separately. 
TPN formulation is based on the specifi c needs of 
each patient; standard formulas are no longer widely 
prescribed. While preparing the TPN formula, the 
pharmacist can also add medications.

Carbohydrates
The primary energy source is carbohydrates. The 
most common and preferred source of carbohy-
drates is dextrose (D-glucose) because it is readily 
metabolized, stimulates the secretion of insulin, 
and is usually well tolerated in large quantities. The 
amount of dextrose prescribed in TPN is based on 
metabolic needs and contributes the most to the 
osmolality (concentration) of the TPN solution. 
Once the patient’s metabolic needs are met, amino 
acids can be used for protein synthesis rather than 
solely as an energy source.

Excessive dextrose concentrations can lead to 
hyperglycemia, requiring the use of insulin. In 
addition, because carbon dioxide is an end product 
of carbohydrate metabolism, excessive dextrose 
concentrations can lead to carbon dioxide reten-
tion and respiratory acidosis, which in turn lead 
to an increased minute ventilation and work of 

B O X  7 - 3   Complications of Enteral Nutrition

• Diarrhea
• Nausea
• Vomiting
• Bloating
• Abdominal discomfort
• Constipation
• Fluid and electrolyte imbalance
• Hyperglycemia
• Hypoglycemia (if feedings are abruptly terminated)
• Aspiration
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breathing, making weaning from mechanical ven-
tilation diffi cult.

Lipids
Lipid emulsions contain essential fatty acids from 
saffl ower and soybean vegetable oils. Egg yolk 
phospholipids are used as emulsifi ers, so it is 
important to check the patient’s food allergy his-
tory before administration. Before infusion, lipid-
containing TPN solutions must be inspected for 
separation. Loss of emulsion can be identifi ed by 
yellow-brown marbling of the entire solution or 
as layering of oil at the surface of the TPN bag. 
Emulsions that have separated are not safe for 
infusion and must be returned to the pharmacy 
for replacement. Lipid emulsions provide an 
excellent medium for bacterial growth, so exces-
sive manipulation and prolonged hang times are 
avoided.

Lipid emulsions are isotonic and available in 
10%, 20%, and 30% concentrations, providing 1.1, 
2.0, and 2.9 kcal/mL, respectively. Higher concentra-
tions provide a greater concentration of calories in 
less total fl uid volume, an important consideration 
for many patients. In situations in which hypergly-
cemia has become problematic, dextrose concen-
trations and volumes may be reduced, and unless 
contraindicated, lipid concentrations and volumes 
can be increased.

Baseline and weekly triglyceride trends are 
used to monitor lipid tolerance. Triglyceride levels 
exceeding 400 mg/dL suggest impaired lipid clear-
ance and an increased risk for pancreatitis; in this 
situation, lipid emulsions should be held until lev-
els return to normal. Lipid concentrations may 
need to be adjusted for patients who are receiving 
lipids from sources other than TPN (eg, continuous 
infusion of propofol, a sedative delivered as a lipid 
emulsion).

RED FLAG! Adverse reactions to lipids include fever, 
chills, chest or back tightness, dyspnea, tachycardia, 
headache, nausea, and vomiting. If such reactions 
occur, the infusion should be stopped immediately 
and the reaction reported to the physician and 
pharmacist.

Amino Acids
In TPN, protein is provided as a mixture of essen-
tial and nonessential crystalline amino acids in 
concentrations that supply approximately 15% to 
20% of daily caloric needs. Patients with burns, 
wounds, draining fi stulas, renal failure, or hepatic 
failure may need frequent adjustments in the 
amount of amino acids they receive. For patients 
with renal disease, solutions with a higher concen-
tration of essential amino acids are available. For 
patients with hepatic failure or hypercatabolic con-
ditions, formulas with branched-chain amino acids 
may be used. Branched-chain amino acids spare 
the breakdown of other muscle proteins to use as 
energy, possibly reducing the incidence of hepatic 
encephalopathy.

Micronutrients
• Vitamins. Standard aqueous multivitamin prepa-

rations created for TPN provide high levels of thi-
amine, pyridoxine, ascorbic acid, and folic acid. 
Concentrations of vitamins in TPN formulas are 
usually increased over standard U.S. Recommended 
Dietary Allowance requirements because in TPN, 
many vitamins are destroyed (by exposure to light 
and oxygen), lost (due to adherence to plastic tubing 
and bags), or excreted in the urine before the body 
can use them. Hypermetabolic conditions of critical 
illness can exacerbate defi ciencies (eg, of vitamin 
K), necessitating additional monitoring and poten-
tially supplementation. Patients with liver or kidney 
disease may require lower doses of certain vitamins.

• Minerals. Trace minerals are required to maintain 
biochemical homeostasis. Most commercial mix-
tures contain chromium, copper, manganese, sele-
nium, and zinc.

• Electrolytes. Most electrolyte standard mixtures 
contain sodium, potassium, calcium, magnesium, 
phosphorus, chloride, and acetate. Depending on 
the patient’s underlying disease process and physi-
cal assessment fi ndings, specifi c electrolyte concen-
trations can be adjusted daily in the TPN solution.

RED FLAG! Electrolyte supplements or medications 
should never be added to the TPN bag after the 
pharmacist has formulated it. Doing so compromises 
the sterility of the solution and may cause the 
solution to precipitate.

Providing Parenteral Nutrition
TPN is usually administered into a central venous 
catheter. If TPN is expected to be needed for more 
than a few weeks, a more permanent device (eg, a 
subcutaneously tunneled Hickman catheter, Port-
a-Cath, or peripherally inserted central catheter 
[PICC]) can be placed. Radiologic confi rmation of 
catheter tip placement is required before the initial 
infusion. Per facility protocol, the nurse changes 
the TPN solution bag and tubing (usually every 
24 hours) and redresses the catheter insertion site 
using either a sterile transparent or gauze dressing 
(usually every 24 to 72 hours).

When administering, use a lumen devoted to 
the TPN only. Infusing TPN along with other IV 
therapies (eg, fl uids, medications, blood products) 
into the same lumen carries a high risk for for-
mula contamination and precipitation, and should 
be avoided. Typically, the solution is infused at 
a constant rate over a 24-hour period to achieve 
maximal assimilation of the nutrients and to pre-
vent hyperglycemia or hypoglycemia. During TPN 
administration, the patient is at risk for hyperglyce-
mia and insulin is often administered to maintain 
glucose control. Once the TPN infusion is discon-
tinued, insulin requirements become notably less 
or nonexistent. If new TPN solution is temporar-
ily unavailable, administration of 10% dextrose in 
water (D10W) is recommended to prevent rebound 
hypoglycemia.
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RED FLAG! If a solution is “behind schedule,” the 
infusion rate should not be increased to make up 
time because this may cause sudden metabolic 
fl uctuations and fl uid overload.

Tapering TPN is often initiated once the patient 
is able to safely resume (and tolerate) enteral or 
oral nutrition suffi cient to meet approximately 50% 
to 75% of his nutritional needs. A calorie count is 
essential to ensure that the patient’s nutritional 
needs are being met. Before TPN is discontinued, 
the infusion rate is decreased by half for 30 to 60 
minutes to allow a plasma glucose response and 
prevent rebound hypoglycemia. Checking blood glu-
cose for 30 to 60 minutes after discontinuation facil-
itates identifi cation and management of immediate 
glucose abnormalities.

Complications of Parenteral Nutrition
Complications of parenteral nutrition are summa-
rized in Box 7-4. Two major complications include 
hyperglycemia and refeeding syndrome.

Hyperglycemia
Although hyperglycemia can be caused by either 
enteral or parenteral feedings, it is more common 
in patients receiving parenteral nutrition. Even 
slightly elevated blood glucose levels can impair 
lymphocyte function, leading to immunosuppres-
sion and increased risk for infection. If the renal 
threshold for glucose reabsorption is exceeded, 
osmotic diuresis can occur, resulting in dehydration 
and electrolyte imbalances. To manage hypergly-
cemia, the pharmacist may add insulin to the TPN 
solution. Alternatively, insulin may be administered 
by continuous infusion during TPN administration, 
or subcutaneously at regular intervals or according 
to sliding scales.

RED FLAG! Many patients receiving parenteral or 
enteral nutrition are also on insulin drips. To prevent 
a dangerous hypoglycemic episode from occurring, 
the nurse must stop the insulin drip any time the 
nutrition is interrupted.

Refeeding Syndrome
Refeeding syndrome, characterized by rapid shifts 
in electrolytes, glucose, and volume status within 
hours to days of nutrition implementation, is one 
of the most critical complications that occurs with 
the initiation of TPN. Rapid refeeding, excessive 
dextrose infusion, severe protein–calorie malnutri-
tion, and conditions such as chronic alcoholism 
and anorexia nervosa increase the patient’s risk for 
developing refeeding syndrome.

In refeeding syndrome, parenterally delivered glu-
cose loads stimulate insulin release, which in turn 
stimulates intracellular uptake of phosphorus, glu-
cose, and other electrolytes for anabolic processes. 
Despite relatively normal serum phosphorus levels 
on standard laboratory reports, intracellular stores 
are markedly depleted in malnourished catabolic 
patients. Severe hypophosphatemia (<1 mg/dL) 
can lead to neuromuscular, respiratory, and cardiac 
dysfunction. Low serum levels of potassium, magne-
sium, and calcium can precipitate cardiac dysrhyth-
mias. The increased intravascular fl uid volumes 
associated with parenteral nutrition can strain the 
heart, possibly inducing heart failure and myocar-
dial damage.

Prevention of refeeding syndrome includes reple-
tion of phosphorus, potassium, magnesium, and 
calcium before TPN initiation, limiting the initial 
concentration of dextrose in the TPN solution, and 
titrating total volume and rate to evaluate for fl uid 
overload and potential cardiac decompensation. 
Daily monitoring of phosphorous, potassium, and 
magnesium is recommended. Weight-based phos-
phorus repletion algorithms have been shown to be 
highly effi cacious in correcting hypophosphatemia 
during nutrition support therapy.5

Fluids
Critically ill patients often have fl uid imbal-
ances related to their primary underlying disease. 
Assessment of fl uid balance and careful manage-
ment are mainstays of patient care in the critical 
care setting. The most sensitive indices of changes 
in body water content are serial weights and intake 
and output patterns.

• Weight. Admission weight is compared with that 
obtained in the history. Of note is whether the 
weight has changed signifi cantly over the past 1 to 
2 weeks. One liter of fl uid equals 1 kg of body weight, 
equivalent to 2.2 lb. An increase in weight does not 
specify where the weight is gained. For example, a 
patient may have depleted intravascular volume yet 
show an increase in weight because of third-spac-
ing of fl uid (ie, movement of fl uid to the intersti-
tial space). Rapid daily gains and losses of weight 
usually are associated with changes in fl uid volume 
and not nutritional factors. Critically ill patients 
often experience unmeasured insensible losses 
(eg, through ventilation, fever, and wounds).

B O X  7 - 4   Complications of Parenteral 
Nutrition

• Hepatic dysfunction (eg, hepatic steatosis, extrahe-
patic cholestasis, cholelithiasis)

• Gastrointestinal atrophy
• Metabolic complications (eg, hyperglycemia, hypo-

glycemia, hypophosphatemia, hypokalemia, hypo-
magnesemia, hypocalcemia)

• Refeeding syndrome
• Local infection at the catheter insertion site
• Systemic bloodstream infection and sepsis
• Mechanical complications related to catheter inser-

tion (eg, vascular trauma, pneumothorax, thrombo-
sis, venous air embolism)
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• Intake and output. The nurse monitors the 
critically ill patient’s intake and output every 
1 to 2 hours. The intake and output values are 
summed to provide an overall balance at the end 
of a 24-hour period. Accurate intake and output 
is important in care of a critically ill patient. 
In the event that renal function decreases, this 
information may aid in the diagnosis and pos-
sible prevention of prerenal azotemia or acute 
renal failure.

Fluid Volume Defi cit
When fl uid loss exceeds intake, a fl uid volume 
defi cit exists. A fl uid volume defi cit is a physio-
logical situation in which fl uids are lost in an iso-
tonic fashion (both fl uid and electrolytes are lost 
together). Dehydration is the loss of water alone, 
resulting in a hyperosmolar state. Although a fl uid 
volume defi cit and dehydration can coexist, this 
discussion is limited strictly to disorders of fl uid 
volume defi cit.

Fluid volume defi cits can occur from:

• Fever. As much as 2,500 mL of fl uid can be lost in 
a 24-hour period from a patient with a body tem-
perature of 40°C (104°F) and a respiratory rate of 
40 breaths/min.

• Hyperventilation Either from disease or use of 
nonhumidifi ed oxygen delivery systems, can result 
in substantial fl uid loss.

• Gastrointestinal tract. Losses can occur as a 
result of vomiting, nasogastric suction, diarrhea, 
or enterocutaneous drainage or fi stulas.

• Third-spacing can result from pleural or perito-
neal effusions; edema from liver, renal, or hepatic 
disease; or diffuse capillary leak.

• Burns. Both evaporative and transudative losses 
through burned skin can result in very large losses 
of fl uid daily.

• Renal losses. Renal losses are seen in the 
diuretic phase of acute tubular necrosis, as a 
result of excessive diuretic administration, 
and in patients with cerebral salt wasting syn-
drome. Renal losses also may occur as a result 
of solute diuresis from high-protein or high-
saline enteral and parenteral nutrition and 
from administration of osmotic agents (eg, 
mannitol, radiocontrast). Fluid can also be lost 
during metabolic alkalosis, in which compen-
satory urinary bicarbonate excretion obligates 
renal sodium excretion, frequently resulting in 
volume depletion.

RED FLAG! Elderly patients are at particular risk 
for a fl uid volume defi cit because of the multisystem 
changes associated with aging.

To correct a fl uid volume defi cit, it is necessary to 
treat the underlying cause and replace the lost fl uid. 
Several types of fl uids, which have different physi-
ological effects, are available.

Maintenance Fluids
Under normal conditions, the average healthy 
adult requires about 2.5 L/d. This volume replaces 
fl uids lost through the feces, the respiratory tract, 
sweating, and urine. When determining the rate of 
administration of maintenance fl uid, factors such 
as the patient’s medical history and age must be 
considered.

Replacement Fluids
The type of fl uid given to a critically ill patient 
depends on the type of fl uid lost. When blood is 
lost, as in trauma or surgery, blood products may 
be administered. When intravascular volume is 
depleted, as in diarrhea, isotonic solutions may be 
administered. The depletion of extravascular fl uids 
(dehydration) may require replacement with hypo-
tonic solutions. The rate of administration depends 
on the patient’s medical history and amount of vol-
ume lost.

Crystalloids
Crystalloid solutions (Box 7-5) are prepared with 
a specified balance of water and electrolytes. 
Crystalloids are classified as hypotonic (osmolarity 
< 250 mEq/L), isotonic (osmolarity  approximately 
310 mEq/L), or hypertonic (osmolarity > 376 
mEq/L). When pure dextrose solutions such as 
5% dextrose in water (D5W) are administered, 
the  dextrose is metabolized, resulting in the 
administration of free water. When given intra-
venously, free water decreases the plasma osmo-
larity, thereby promoting the movement of water 
evenly into all body compartments. Free water, 
which is hypotonic, does not stay in the vascular 
space.

Normal (0.9%) saline is an isotonic solution. 
Approximately one third of the fl uid administered 
remains in the vascular space, and the remaining 
fl uid moves into the extracellular space or is lost 
through the renal system. When hypertonic solu-
tions are administered (such as 3% or 7.5% saline), 
the hypertonicity pulls fl uid from the extravascular 
space to the vascular space, increasing the intravas-
cular volume.

Colloids
Colloids are high-molecular-weight substances that 
do not cross the capillary membrane under normal 
conditions (Table 7-5). The starches dextran and 
hetastarch and the protein albumin differ from each 
other only slightly but exert similar oncotic pressure.

Fluid Volume Excess
Fluid volume excess occurs when there is retention 
of sodium, resulting in the reabsorption of water. 
Electrolytes typically remain unchanged when there 
is an increase in total body water and electrolytes 
increase in parallel. Many critically ill patients may 
have mixed disturbances with manifestations of the 
confounding compensatory mechanisms. Causes 
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B O X  7 - 5   Common Crystalloid Solutions

5% Dextrose in water (D5W): no electrolytes, 50 g 
dextrose

• Supplies about 170 cal/L and free water to aid in renal 
excretion of solutes

• Should not be used in excessive volumes in patients 
with increased antidiuretic hormone (ADH) activity or 
to replace fl uids in hypovolemic patients

0.9% NaCl (isotonic saline): Na+ 154 mEq/L, Cl− 154 
mEq/L

• Isotonic fl uid commonly used to expand the extracel-
lular fl uid in presence of hypovolemia

• Because of relatively high chloride content, it can be 
used to treat mild metabolic alkalosis

0.45% NaCl (½ strength saline): Na+ 77 mEq/L, Cl− 77 
mEq/L

• A hypotonic solution that provides sodium, chloride, 
and free water (sodium and chloride provided in fl uid 
allow kidneys to select and retain needed amounts)

• Free water desirable as aid to kidneys in elimination 
of solutes

0.33% NaCl (1/3 strength saline): Na+ 56 mEq/L, Cl− 
56 mEq/L

• A hypotonic solution that provides sodium, chloride, 
and free water

• Often used to treat hypernatremia (because this solu-
tion contains a small amount of sodium, it dilutes the 
plasma sodium while not allowing the level to drop 
too rapidly)

3% or 7.5% Saline

• Grossly hypertonic solution used to treat severe hypo-
natremia or to decrease intracranial pressure (ICP); 
may also be used to resuscitate trauma patients

• Used only in settings where the patient can be closely 
monitored

Lactated Ringer’s solution: Na+ 130 mEq/L, K+ 4 
mEq/L, Ca2+ 3 mEq/L, Cl− 109 mEq/L, lactate (metabo-
lized to bicarbonate) 28 mEq/L

• Approximately isotonic solution that contains multiple 
electrolytes in about same concentrations as found in 
plasma (note that this solution is lacking magnesium 
and phosphate)

• Used in the treatment of hypovolemia, burns, and 
fl uid lost as bile or diarrhea

• Useful in treating mild metabolic acidosis

Adapted from Metheny NM: Fluid and Electrolyte Balance: Nursing Considerations. Philadelphia, PA: 
Lippincott Williams & Wilkins, 2000, p 181, with permission.

TA B L E  7 - 5 Common Colloid Solutions

Solution Contents Indications Comments

Albumin Available in two 
concentrations: 5%: 
oncotically similar to 
plasma 25%: hypertonic

Both 5% and 25% solutions 
contain about 130–160 
mEq/L of sodium

Used as volume expander 
in treatment of shock

May be useful in treating 
burns and third-spacing 
shifts

Cost is approximately 25–30 times more than 
for crystalloid solutions.

Increased interstitial oncotic pressure in 
disease states in which there is increased 
capillary leaking (eg, burns, sepsis) may 
occur; this may result in increased vascular 
loss of fl uid.

Use caution with rapid administration; watch 
for volume overload.

Hetastarch Synthetic colloid made from 
starch (6%) and added to 
sodium chloride solution

May be used to expand 
plasma volume when 
volume is lost from 
hemorrhage, trauma, 
burns, and sepsis

Plasma volume expansion effects decrease 
over 24–36 h.

Starch is eliminated by kidneys and liver; 
therefore, use with caution in patients with 
liver and kidney impairment.

Mild, transient coagulopathies may occur.
Transient rise in serum amylase may occur.

Dextran Glucose polysaccharide 
substance, available as 
low-molecular-weight 
dextran (dextran 40) or 
high-molecular-weight 
dextran (dextran 70)

No electrolyte content

May be used to expand 
plasma volume when 
volume is lost from 
hemorrhage, trauma, 
burns, and sepsis

Has been associated with greater risk 
for allergic reaction than albumin or 
hetastarch.

Interference with blood cross-matching may 
occur.

May cause coagulopathy; has more profound 
effect on coagulation than hetastarch.
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Electrolytes
Electrolyte disorders commonly occur in critically 
ill patients, typically in combination with other con-
ditions. Management of the underlying problem 
ensures long-term restoration of balance. However, 
acute management of electrolyte disorders is often 
required to maintain cellular integrity. Common 
causes and interventions for electrolyte imbalances 
are summarized in Table 7-6.

of fl uid volume excess include overadministration 
of fl uids; heart, kidney, or liver failure; excessive 
sodium intake; and medications (eg, steroids, des-
mopressin acetate [DDAVP]).

Management of fl uid volume excess is directed 
toward correction of the underlying disorder. 
Diuretics are the mainstay of treatment for acute 
resolution of fl uid volume excess. Sodium restriction 
reduces the amount of water reabsorption and can 
contribute to acute correction of volume overload.

TA B L E  7 - 6 Electrolyte Imbalances: Common Causes and Interventions

Selected Medical Conditions

Electrolyte Associated With Disturbance Collaborative Interventions

Sodium
Hyponatremia Heart failure

Liver failure
Kidney failure
Hyperlipidemia
Hypoproteinemia
Syndrome of inappropriate antidiuretic hormone (SIADH)
Gastrointestinal loss
Adrenal insuffi ciency
Thiazide diuretics
Drugs: nonsteroidal anti-infl ammatory drugs (NSAIDs), 

tricyclic antidepressants, selective serotonin reuptake 
inhibitor (SSRIs), chlorpropamide, omeprazole

Tumors associated with ectopic excessive antidiuretic 
hormone (ADH) production: oat cell carcinoma, 
leukemia, lymphoma

Pulmonary disorders: pneumonia, acute asthma
AIDS

Review medication profi le and patient 
history.

Monitor for sites of fl uid losses or gains.
Monitor fl uid balance and for signs and 

symptoms of electrolyte disturbance.
Attempt to manage underlying cause.
Correction of imbalance may require 

sodium replacement (3% saline) 
or water restriction, depending on 
underlying cause.

Hypernatremia Profound dehydration usually in patients not able to 
ask for water (eg, debilitated elderly or children), in 
those with impaired thirst regulation (eg, elderly), or 
in those with heatstroke

Hypertonic tube feedings without water supplementation
Increased insensible water loss (eg, excessive sweating, 

second- and third-degree burns, hyperventilation)
Excessive administration of sodium-containing fl uids 

(3% saline, sodium bicarbonate)
Diabetes insipidus
Hyperaldosteronism, Cushing’s syndrome

Monitor patients at particular risk for 
hypernatremia, including debilitated or 
elderly patients, acutely or critically ill 
children, and patients receiving tube 
feedings.

Monitor laboratory values closely in patients 
with insensible fl uid losses and in those 
receiving parenteral administration of 
sodium-containing fl uids.

Administer therapeutic medications, 
including vasopressin, desmopressin 
acetate (DDAVP).

Administer hypotonic fl uids (1/2 saline to 
free water, D

5W).
Potassium
Hypokalemia Gastrointestinal loss: diarrhea, laxatives, gastric suction

Renal loss: potassium-losing diuretics, hyperaldosteronism, 
osmotic diuresis, steroids, some antibiotics

Intracellular shifts: alkalosis, excessive secretion or 
administration of insulin, hyperalimentation

Poor intake: anorexia nervosa, alcoholism, debilitation

Monitor laboratory values closely 
in patients at particular risk for 
hypokalemia.

Pay particular attention to potassium 
level in patients receiving digoxin.

Administer potassium either PO or IV.
Monitor magnesium levels in patients who 

are refractory to potassium replacement.
Hyperkalemia Pseudohyperkalemia: prolonged tight application 

of tourniquet; fi st clenching and unclenching 
immediately before or during blood draws; 
hemolysis of blood sample

Ensure that minimal negative pressure is 
used to obtain all laboratory samples, 
particularly when drawn through 
small-gauge needles.

Restrict potassium-sparing diuretics.
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TA B L E  7 - 6 Electrolyte Imbalances: Common Causes and Interventions (continued)

Selected Medical Conditions

Electrolyte Associated With Disturbance Collaborative Interventions

Decreased potassium excretion: oliguric renal failure, 
potassium-sparing diuretics, hypoaldosteronism

High potassium intake: improper use of oral potassium 
supplements; rapid IV potassium administration

Extracellular shifts: acidosis, crush injuries, tumor cell 
lysis after chemotherapy

Promote excretion: sodium polystyrene 
sulfonate PO or per rectum, dialysis, 
potassium-losing diuretics (eg, 
furosemide)

Emergency management measures: 
calcium IV, sodium bicarbonate, IV 
insulin with glucose, β2-adrenergic 
agonists

Calcium
Hypocalcemia Surgical hypoparathyroidism

Primary hypoparathyroidism
Malabsorption (alcoholism)
Acute pancreatitis
Excessive administration of citrated blood
Alkalotic states
Drugs (loop diuretics, mithramycin, calcitonin)
Hyperphosphatemia
Sepsis
Hypomagnesemia
Medullary carcinoma of thyroid
Hypoalbuminemia

Monitor for signs and symptoms 
associated with low calcium, 
especially for seizures, and stridor.

Administer calcium IV for acute 
replacement.

Ensure adequate dietary intake for 
patients at particular risk.

Hypercalcemia Hyperparathyroidism
Malignant neoplastic disease
Drugs (thiazide diuretics, lithium, theophylline)
Prolonged immobilization
Dehydration

Administer bisphosphonates, such 
as etidronate or mithramycin, 
especially when disorder is related to 
malignancy.

Administer diuretics, such as loop 
diuretics, to promote renal excretion.

Provide fl uid replacement with 0.9% saline.
Magnesium
Hypomagnesemia Inadequate intake: starvation, TPN without adequate 

Mg2+ supplementation, chronic alcoholism
Increased GI loss: diarrhea, laxatives, fi stulas, 

nasogastric tube suction, vomiting
Increased renal loss: drugs (loop and thiazide 

diuretics, mannitol, amphotericin B), diuresis 
(uncontrolled diabetes mellitus, hypoaldosteronism)

Changes in magnesium distribution: pancreatitis, 
burns, insulin, blood products

Monitor for hypokalemia in patients with 
low magnesium because kidneys are 
not able to conserve potassium when 
magnesium level is low.

Administer magnesium IV for acute 
replacement.

Administer PO preparations for long-term 
replacement.

Hypermagnesemia Renal failure
Excessive intake of magnesium-containing 

compounds (eg, antacids, mineral supplements, 
laxatives)

Avoid administration of magnesium-
containing compounds to patients in 
renal failure.

In extreme cases, dialysis may be 
indicated.

Phosphorus
Hypophosphatemia Refeeding syndrome

Alcoholism
Phosphate-binding antacids
Respiratory alkalosis
Administration of exogenous insulin IV
Burns

Ensure nutritional intake.
Monitor phosphorus for the fi rst few days 

after initiation of enteral or parenteral 
nutrition.

Administer by oral supplementation 
(Neutra-Phos capsules) or IV.

Hyperphosphatemia Renal failure
Chemotherapy
Excessive administration of phosphate compounds

Avoid administration of phosphorus to 
patients in renal failure.

Administer calcium acetate.
Administer IV fl uids to promote renal 

excretion.
In severe cases, administration of high 

levels of glucose with insulin may help 
shift phosphorus intracellularly.

ADH, antidiuretic hormone; AIDS, acquired immunodefi ciency syndrome; DDAVP, desmopressin acetate; 
NSAID, nonsteroidal anti-infl ammatory drug; SIADH, syndrome of inappropriate antidiuretic hormone; SSRI, 
selective serotonin reuptake inhibitor.
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Calcium
Almost all (99%) of the calcium in the body is con-
tained in the bone. The remaining 1% is intravascu-
lar, either bound to albumin or in an ionized (free) 
form. The primary function of calcium is promotion 
of the neuromuscular impulse. Several clotting fac-
tors also depend on calcium. Hypocalcemia in the 
critically ill has numerous causes. Nursing consider-
ations for calcium replacement are given in Box 7-7.

Many critically ill patients have low albumin, 
which will result in a low serum calcium level. This 
laboratory fi nding does not necessarily mean that 
the patient’s ionized calcium (ie, readily available 
calcium) is low. It is necessary to either assess ion-
ized calcium (if available) or to correct the serum 
calcium for the albumin level, using the following 
formula:

Corrected calcium = [0.8 × (normal albumin
 − patient’s albumin)] + serum

Magnesium
Most of the magnesium in the body is in the skel-
etal system and in the intracellular space. About 1% 
circulates in the intravascular space. Magnesium is 
a catalyst for hundreds of enzymatic reactions and 
plays a role in neurotransmission and cardiac con-
traction. Magnesium is primarily excreted by the 
kidneys. Nursing considerations for magnesium 
replacement are summarized in Box 7-8.

Phosphorus
Phosphorus is the major intracellular anion. The 
source of adenosine triphosphate (ATP), phospho-
rus is critical to many life-sustaining processes, such 
as muscle contraction, neuromuscular impulse con-
duction, and the regulation of several intracellular 
and extracellular electrolyte balances. Nursing con-
siderations for phosphorus replacement are sum-
marized in Box 7-9.

Sodium
Sodium is the major extracellular cation. It is a 
major contributor of serum osmolarity and con-
trols movement of water. Low serum sodium usu-
ally indicates water intake in excess of sodium and 
is characterized by an increase in body weight. It 
may also be due to a renal loss of sodium with a 
normal intravascular volume. High serum sodium 
usually indicates water loss in excess of sodium and 
is refl ected in weight loss.

Potassium
Potassium is the major intracellular cation. Potassium 
plays a key role in neuromuscular functioning and 
maintaining the myocardial resting potential. Both 
high and low levels may result in alterations in the 
cardiac rhythm. Because of the narrow range of 
extracellular potassium balance, renal function is 
essential to regulation of potassium. In critically ill 
patients, disorders of potassium are common and 
have numerous causes. Box 7-6 presents nursing 
considerations in potassium replacement.

B O X  7 - 7   Nursing Considerations for 
Intravenous Calcium Replacement

Dilution
• Calcium can be delivered as calcium gluconate (4.5 

mEq of elemental Ca2+) or calcium chloride (13.5 
mEq of elemental Ca2+).

• Calcium can be irritating to veins. If peripheral 
administration is required, calcium gluconate is rec-
ommended because damage can occur to surround-
ing soft tissues.

Administration
• Administer by slow IV push through central vein or 

administer by mixing with compatible IV fl uids.
• Administer slowly (over 1 to 2 hours) for patients 

receiving digoxin.

B O X  7 - 6   Nursing Considerations for 
Intravenous Potassium Replacement

Dilution
• Do not administer undiluted potassium directly IV.
• Keep all vials of undiluted potassium away from 

patient care area.
• Dilution of potassium depends on the amount of 

fl uid the patient can tolerate. Highly concentrated 
potassium solutions can cause irritation, pain, and 
sclerosing of vein.

• Typical concentrations of potassium are 10 to 40 
mEq/100 mL. Premixed bags are available.

Peripheral IV Administration
• In collaboration with prescribing provider, consider 

the addition of a small volume of lidocaine to mini-
mize pain.

• Administer in central vein if available.
• For mild to moderate hypokalemia, rates of 10 to 20 

mEq/h are recommended.
• Rates >40 mEq/h are not recommended.
• Use infusion pump to administer replacement.

Monitoring
• Monitor urinary output, blood urea nitrogen, and 

creatinine in patients receiving potassium replace-
ment. Patients with impaired renal function or 
oliguric renal failure may experience transient 
hyperkalemia. Consider smaller replacement dosages 
and periodic reevaluation.

• When rate of administration exceeds 10 mEq/h, 
monitoring of cardiac rhythm is recommended.

• Assess magnesium level because correction of potas-
sium may be refractory to potassium replacement 
with concurrent hypomagnesemia.
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B O X  7 - 8   Nursing Considerations for 
Intravenous Magnesium Replacement

Administration
• Administer with caution to patients with renal fail-

ure because magnesium is primarily excreted by the 
kidneys.

• During emergencies, such as torsades de pointes, 
magnesium may be injected directly.

• In mild to moderate hypomagnesemia, a rate of infu-
sion of 1 to 2 g over 1 hour is advisable.

Monitoring
• Monitor for hypotension or fl ushing during 

administration.
• Monitor deep tendon refl exes periodically during 

administration.

B O X  7 - 9   Nursing Considerations for 
Intravenous Phosphorus Replacement

Phosphorus IV replacement is available as sodium 
or potassium phosphate. Phosphorus is dosed in mil-
limoles, whereas sodium and potassium are dosed in 
milliequivalents.

• Administer sodium phosphate for patients with renal 
failure.

• Do not administer with calcium.
• Administer over several hours, typically 15 to 30 

mmol phosphorus over 4 to 6 hours.
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C A S E  S T U D Y

Mr. P. is a 62-year-old executive who is status 
post cerebrovascular accident with severe dyspha-
gia. He has a medical history of gastroesophageal 
refl ux disease, coronary artery disease, hyperten-
sion, hypercholesterolemia, and type 2 diabetes 
mellitus. He is currently prescribed pantoprazole, 
40 mg daily; aspirin, 81 mg daily; clopidogrel, 75 mg 
daily; metoprolol, 50 mg twice daily; simvastatin, 
20 mg daily; and 15 units Lantus insulin subcu-
taneously at bedtime. Because of Mr. P.’s severe 
dysphagia, swallowing studies and calorie counts 
are ordered to determine whether he will be able 
to resume safe and adequate oral nutrition. In the 
meantime, to ensure that Mr. P.’s nutritional needs 
are met, he is receiving enteral nutrition 400 mL 
every 4 hours through a small-bore nasogastric tube.

Physical examination reveals a nontender, non-
distended, obese abdomen with positive bowel 
sounds. However, before the instillation of a sched-
uled feeding, the gastric residual volume is found 
to be 300 mL. Subsequently, the nurse decides 
to hold the enteral feedings for the remainder of 
the day. The following morning, Mr. P. resumes his 
scheduled enteral bolus feeds of 400 mL every 
4 hours, and he is found to have minimal gastric 
residuals. However, Mr. P. now reports abdominal 
cramps, bloating, and diarrhea after each bolus 
feeding; abdominal examination reveals positive 
bowel sounds with mild abdominal distention.

Because of these multiple issues, the nurse recom-
mends to the physician that a central line be placed 
and that Mr. P. be started on total parenteral nutrition 
(TPN) to meet his long-term nutritional requirements.

1. Initially the nurse held the enteral tube feedings 
based on the residual volume measurement. Was 
this an appropriate action to take? Why or why not?

2. What was the most likely etiology of the patient’s 
diarrhea? What interventions are needed, if any?

3. Is total parenteral nutrition (TPN) appropriate for this 
patient? Why or why not?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R
Dysrhythmia Interpretation 
and Management8

Standard 12-Lead Electrocardiogram
An electrocardiogram (ECG) is a graphic recording 
of the heart’s electrical activity. The paper consists of 
horizontal and vertical lines, each 1 mm apart. The 
horizontal lines denote time measurements. When the 
paper is run at a sweep speed of 25 mm/s, each small 
square measured horizontally is equal to 0.04  second, 
and each large square (fi ve small squares) equals 
0.2 second. Height (voltage) is measured by counting 
the lines vertically. Each small square measured verti-
cally is 1 mm, and each large square is 5 mm (Fig. 8-1).

Waveforms and Intervals
The heart’s normal route of depolarization moves 
from the sinoatrial (SA) node and atria, downward 
through the atrioventricular (AV) node, His–Purkinje 

system, and ventricles. During the cardiac cycle, the 
following waveforms and intervals are produced on 
the ECG surface tracing (see Fig. 8-1):

•  P wave: The P wave is a small, usually upright and 
rounded defl ection representing depolarization of 
the atria. It normally is seen before the QRS com-
plex at a consistent interval.

•  PR interval: The PR interval represents the time 
from the onset of atrial depolarization until the 
onset of ventricular depolarization. Included in 
the interval is the brief delay at the AV node that 
allows time for atrial contraction before the ven-
tricles are depolarized. The interval is measured 
from the beginning of the P wave to the begin-
ning of the QRS complex. A normal PR interval is 
0.12 to 0.2 second.

•  QRS complex: The QRS complex represents ven-
tricular depolarization. A normal QRS complex is 

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the major clinical uses of the 12-lead electrocardiogram (ECG) and 
interpret a rhythm strip.

2 Explain the major features of a cardiac monitoring system.
3 Describe the causes, clinical signifi cance, ECG appearance, and management 

of major types of dysrhythmias.
4 Describe nursing considerations specifi c to antidysrhythmic agents.
5 Describe the indications for electrical cardioversion.
6 Describe the critical care nurse’s role in caring for a patient undergoing 

radiofrequency ablation.
7 Describe the critical care nurse’s role in caring for a patient undergoing cardiac 

pacing.
8 Explain the major features of an implantable cardioverter–defi brillator (ICD).
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•  QT interval: The QT interval is the period from the 
beginning of ventricular depolarization to the end 
of ventricular repolarization. The QT interval is 
measured from the beginning of the QRS complex 
to the end of the T wave.

Views (Leads)
A standard 12-lead ECG produces 12 electrical 
views of the heart using 10 electrodes (Fig. 8-3). 
For the limb leads, the recording device alternates 
the combination of electrodes that are active dur-
ing recording of electrical signals from the heart 
(Fig. 8-4). This produces six standard views (leads) 
that are recorded in the heart’s frontal plane: I, 
II, III, augmented voltage of the right arm (aVR), 
augmented voltage of the left arm (aVL), and aug-
mented voltage of the left foot (aVF). The six pre-
cordial leads (V1, V2, V3, V4, V5, and V6) are arranged 
across the left side of the anterior chest to record 
electrical activity in the heart’s horizontal plane 
(see Fig. 8-3). Additional horizontal plane leads 
may be recorded by placing precordial electrodes 
on the right side of the chest to view right ventricu-
lar activity or the back of the chest to view left ven-
tricular posterior wall activity (see Fig. 8-3). The 
positive electrode acts as a camera, providing a 
view of the heart from that perspective (Table 8-1). 
The appearance of the intervals and waveforms on 
the ECG varies slightly according to which lead is 
being viewed (Table 8-2).

RED FLAG! Proper placement of the electrodes is
very important. Misplacement of an electrode by
as little as one intercostal space can cause QRS
morphology to change, leading to misdiagnoses.

Uses of the 12-Lead Electrocardiogram
In addition to being used to detect dysrhythmias, 
the 12-lead ECG is used to determine the electrical 
axis of the heart; detect atrial or ventricular enlarge-
ment; and detect patterns of ischemia, injury, or 
infarction.

Detection of Dysrhythmias
The 12-lead ECG provides a visual representation of 
the major events of the cardiac cycle, and therefore 
is useful for detecting dysrhythmias and estimating 
atrial and ventricular rates (Box 8-1). A systematic 
approach to assessing a rhythm strip is given in 
Box 8-2 on page 66. It is important to take the time 
to complete each step because many dysrhythmias 
are not as they fi rst appear. Specifi c dysrhythmias are 
discussed in more detail later in this chapter. Because 
of the effects of electrolytes on the electrical impulse 
of the heart, ECG changes may also raise suspicion 
for serum electrolyte imbalances (Table 8-3, p. 66).

Determination of Electrical Axis
Electrical axis refers to the general direction of the 
wave of excitation as it moves through the heart. 

0.06 to 0.11 second in width (Fig. 8-2). Atrial repo-
larization, which occurs during the QRS complex, 
is not represented by a wave on the ECG.

•  ST segment: The ST segment is the portion of 
the tracing from the end of the QRS complex to 
the beginning of the T wave. It represents the time 
from the end of ventricular depolarization to the 
beginning of ventricular repolarization. Normally, 
it is isoelectric (ie, the ST segment joins the QRS 
complex at the baseline). ST segments may be ele-
vated or depressed in acute myocardial injury or 
ischemia (see Chapter 14).

•  T wave: The T wave is the defl ection representing 
ventricular repolarization and appears after the 
QRS complex.

•  U wave: A U wave is a small, usually positive 
defl ection after the T wave that is typically seen 
only in hypokalemia.
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F I G U R E  8 - 1  The waveforms and intervals of the electrocardiogram 
(ECG) represent the electrical impulse as it traverses the conduc-
tion system, resulting in depolarization and repolarization of the 
myocardium.

F I G U R E  8 - 2  Confi gurations of the QRS complex. A Q wave is a neg-
ative defl ection before an R wave, an R wave is a positive defl ec-
tion, and an S wave is a negative defl ection after an R wave.
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V6

V7 V8 V9

V5

V4

V3

V2V1

V2R
V3R

V4R

V5R

V6R V1R

Midclavicular line
Anterior axillary line
Midaxillary line

Horizontal plane
of V4 – V6

Supplemental Right Precordial Leads

RA LA
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Posterior view

ECG machine
ECG strip

F I G U R E  8 - 3  • Electrocardiogram (ECG) electrode placement. The standard left precordial leads are V1 
through V6. The right precordial leads, placed across the right side of the chest, are the mirror opposite of 
the left leads. The posterior leads (V7 through V9) are placed on the back to the left of the spine on the same 
horizontal line as V6.

Lead I

Lead II Lead III

aVR aVL

aV
F

F I G U R E  8 - 4  Frontal plane leads: standard limb leads, I, II, III, plus 
augmented leads aVR, aVL, and aVF. This allows an examination of 
electrical conduction across a variety of planes (eg, left arm to leg, 
right arm to left arm).

 TA B L E  8 - 1 Electrocardiographic Leads and 
Corresponding Views of the Heart

Lead
Placement of 
Positive Electrode View of the Heart

II, III, aVF Left leg Inferior
I, aVL, V5, and V6 Left arm, chest Left lateral
V1 through V4 Chest (left side) Anteroseptal
V4R through V6R Chest (right side) Right ventricle
V7 through V9 Chest Posterior

In the normal heart, the fl ow of electrical forces is 
downward and to the left, a pattern known as nor-
mal axis. Because the ventricles make up the larg-
est muscle mass of the heart and therefore make the 
most signifi cant contribution to the determination 
of the direction of the fl ow of forces, the QRS com-
plex is examined in leads I and aVF to determine 
the electrical axis (Fig. 8-5, p. 67).The direction of 
the fl ow of forces in the heart can shift to the left 
or to the right as a result of an anatomical shift of 
the heart (eg, in very obese patients and in patients 
with large abdominal tumors or abdominal ascites), 
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B O X  8 - 1  Estimating Heart Rate Using the Electrocardiogram (ECG)

• Method 1. This method works for regular or irregular 
rhythms. Count the number of QRS complexes in a 
6-second strip and multiply by 10 (to estimate the 
ventricular rate). Count the number of P waves in a 
6-second strip and multiply by 10 (to estimate the 
atrial rate).

• Method 2. If the rhythm is regular, divide 300 by the 
number of large boxes on the ECG paper between two 
R waves (ventricular rate) and between two P waves 
(atrial rate).

• Method 3. Find a QRS complex that falls directly on 
a dark line of the ECG paper. This dark line becomes 
the reference point, and the next six dark lines of the 
paper are labeled 300, 150, 100, 75, 60, and 50.

The QRS complex immediately after the reference 
point is used to estimate ventricular rate (eg, in the 
fi gure above, the ventricular rate is approximately 85 
beats/min). The same method can be used for estimat-
ing atrial rate by using the P waves.

RED FLAG! Estimating the heart rate using
the ECG strip or cardiac monitor should never be
substituted for determining the heart rate by
palpating the pulse. In some situations, electrical
activity can occur without contraction. Therefore,
palpation of the pulse is a more accurate method
of determining heart rate.
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TA B L E  8 - 2 The Normal 12-Lead Electrocardiogram (ECG)

Lead

Waveform or Interval

P Q R S ST T
I Upright Small, 0.04 s, or 

none
Dominant Less than R or none Isoelectric +1 to −0.5 

mm
Upright

II Upright Small or none Dominant Less than R or none +1 to −0.5 mm Upright
III Upright Small or none None to dominant None to dominant +1 to −0.5 mm Upright

Flat Flat
Diphasic Diphasic
Inverted Inverted

aVR Inverted Small, none, or 
large

Small or none Dominant +1 to −0.5 mm Inverted

aVL Upright Small, none, or 
large

Small, none, or dominant Small, none, or dominant +1 to −0.5 mm Upright

Flat Flat
Diphasic Diphasic
Inverted Inverted

aVF Upright Small or none Small, none, or dominant None to dominant +1 to −0.5 mm Upright
Flat Dominant
Diphasic
Inverted

V1 Upright None Small Deep 0 to +3 mm Inverted
Flat
Diphasic

 May be QS

  

Flat
Upright
Diphasic

V2 Upright None 0 to +3 mm Upright
Diphasic
Inverted

V3 Upright Small or none 0 to +3 mm Upright
V4 Upright Small or none +1 to −0.5 mm Upright
V5 Upright Small +1 to −0.5 mm Upright
V6 Upright Small Tall Small or none +1 to −0.5 mm Upright
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B O X  8 - 2  Assessing a Rhythm Strip

1. Determine the atrial and ventricular heart 
rates.
• Are they within normal limits?
• If not, is there a relationship between the two 

(ie, one a multiple of the other)?
2. Examine the rhythm to see if it is regular.

• Is there an equal amount of time between each QRS 
complex (RR interval)?

• Is there an equal amount of time between each 
P wave (PP interval)?

• Are the PP and RR intervals the same?
3. Look for the P waves.

• Are they present?
• Are they upright?
• Is there one or more P waves for each QRS 

complex?
• Do all P waves have the same confi guration?

4. Measure the PR interval.
• Is it normal?
• Is it the same throughout the strip, or does it vary?
• If it varies, is there a pattern to the variation?

5. Evaluate the QRS complex.
• Is it normal in width, or is it wide?
• Are all complexes of the same confi guration?

6. Examine the ST segment.
• Is it isoelectric, elevated, or depressed?

7. Identify the rhythm and determine its clinical 
signifi cance.
• Is the patient symptomatic? (Check skin, 

 neurological status, renal function, coronary circu-
lation, and hemodynamic status or blood pressure.)

• Is the dysrhythmia life threatening?
• What is the clinical context?
• Is the dysrhythmia new or chronic?

conduction defects (eg, left or right bundle branch 
block), ventricular enlargement (left or right), or 
myocardial infarction (eg, inferior wall or anterior 
wall).

Enlargement Patterns
Enlargement of a cardiac chamber may involve 
hypertrophy of the muscle or dilation of the cham-
ber. The term “ventricular hypertrophy” is com-
monly used to describe ventricular changes because 
hypertrophy is the most frequent cause of ventricu-
lar enlargement. However, the term “atrial enlarge-
ment” is often used (instead of the more specifi c 
“atrial hypertrophy”) to describe atrial changes 
because atrial changes on the ECG may result from 
a variety of causes.

Ventricular Hypertrophy
Right ventricular hypertrophy, often seen in chronic 
pulmonary conditions, may exist without clear evi-
dence on the ECG because the left ventricle nor-
mally is larger than the right and can mask changes 
in the size of the right ventricle. ECG evidence 

suggestive of right ventricular hypertrophy includes 
right atrial enlargement and right axis deviation. In 
addition, the normal QRS complex pattern across 
the precordial leads is reversed. Normally, R waves 
are small in V1 and gradually grow tall by V6. With 
right ventricular hypertrophy, the R wave is tall in 
V1 and progresses to small by V6. Precordial S waves 
persist rather than gradually disappear.

Left ventricular hypertrophy, often seen in 
chronic systemic hypertension or aortic stenosis, 
can be detected on the ECG by adding the deepest 
S wave in either lead V1 or V2 to the tallest R wave 
in either lead V5 or V6. If the sum is 35 mm or more 
and the patient is older than 35 years of age, left ven-
tricular hypertrophy is suspected. In addition, the 
T waves in leads V5 and V6 may be asymmetrically 
inverted, and a left axis shift is likely.

Atrial Enlargement
When the atria enlarge, changes are seen in the 
P wave because the P wave represents atrial depo-
larization (Fig. 8-6). Right atrial enlargement (P pul-
monale) often has an underlying pulmonary cause 

TA B L E  8 - 3 Electrocardiographic Changes Associated With Electrolyte Imbalances

Electrolyte Imbalance Possible Electrocardiographic Findings Possible Resultant Dysrhythmias

Hyperkalemia Tall, narrow, peaked T waves; fl at, wide P waves; 
widening of the QRS complex

Sinus bradycardia; sinoatrial block; 
junctional rhythm; idioventricular rhythm; 
ventricular tachycardia; ventricular 
fi brillation

Hypokalemia Prominent U waves; ST-segment depression; 
T-wave fl attening or inversion

Premature ventricular beats; 
supraventricular tachycardia; ventricular 
tachycardia; ventricular fi brillation

Hypercalcemia Shortened QT interval Premature ventricular contractions (PVCs)
Hypocalcemia Lengthened QT interval; T-wave fl attening or 

inversion
Ventricular tachycardia
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F I G U R E  8 - 5  The electrical axis of the heart is determined by exam-
ining the direction of the QRS complex (negative or positive) in 
leads I and aVF.

and is often seen in association with right ventricu-
lar hypertrophy. It is noted on the ECG by the pres-
ence of tall, pointed P waves in leads II, III, and aVF. 
The P wave in lead V1 may show a diphasic wave 
with an initial upstroke that is larger than the down-
stroke (see Fig. 8-6B). Left atrial enlargement (P 
mitrale) is often associated with mitral valve steno-
sis. It is noted on the ECG by the presence of broad, 
notched P waves in leads I, II, and aVL. The P wave 
in lead V1 may show a diphasic wave with a terminal 
downstroke that is larger than the initial upstroke 
(see Fig. 8-6C).

Ischemia, Injury, and Infarction Patterns
The 12-lead ECG can be useful in detecting myo-
cardial ischemia, injury, or infarction. Ischemia is 
seen on the ECG as ST-segment depressions and 

T-wave inversions. Acute patterns of injury are 
noted by ST-segment elevations. The presence of 
signifi cant Q waves indicates a myocardial infarc-
tion. A more detailed discussion of patterns of 
ischemia, injury, and infarction is provided in 
Chapter 14.

Cardiac Monitoring
Cardiac monitoring is used when it is necessary 
to monitor continuously a patient’s heart rate and 
rhythm. All monitoring systems have three basic 
components: electrodes, a monitoring cable, and 
a display screen (cardiac monitor). Electrodes are 
placed on the patient’s chest to receive the electrical 
current from the cardiac muscle tissue. The electri-
cal signal is then carried by the monitoring cable to 
the cardiac monitor.

Cardiac monitoring systems may incorporate sev-
eral advanced features, such as

• Computer systems that store, analyze, and trend 
monitored data, facilitating retrieval of informa-
tion to aid in diagnosis and to track trends in the 
patient’s status

• Automatic chart documentation (the ECG recorder 
is activated by alarms or at preset intervals)

• Expanded alarm systems
• Multilead or 12-lead ECG displays to facilitate 

complex dysrhythmia interpretation
• ST-segment analysis for monitoring ischemic 

events1

• QT-interval monitoring2

• Wireless communication devices that provide data 
and alarms and can be carried by the nurse

A

lead II

lead V1

B

lead II

lead V1

C

lead II

lead V1

F I G U R E  8 - 6  Atrial enlargement patterns. A: The normal P wave in leads II and V1. B: Right atrial enlarge-
ment. Note the tall, pointed P wave in lead II and the increased amplitude of the early, right atrial component 
of the P wave in V1. C: Left atrial enlargement. Note the broad, notched P wave in lead II and the increased 
amplitude and duration of the P wave in V1.
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monitoring cable. Information is displayed and 
recorded at the bedside and at a central station 
simultaneously. Because patient mobility is lim-
ited, hard-wire monitoring systems can only be 
used for patients who are on bedrest or confi ned 
to the bedside.

• Telemetry monitoring systems do not require a 
direct wire connection between the patient and 
the cardiac monitor. Electrodes are connected by a 
short monitoring cable to a small battery-operated 
transmitter, which sends radiofrequency signals to 
a receiver that picks up and displays the signal on 
a monitor either at the bedside or at a central sta-
tion. Although telemetry monitoring systems allow 
for more patient mobility, because the patient is 
mobile, stable ECG tracings often are more diffi -
cult to obtain.

Some hard-wire systems have built-in telemetry 
capability so that patients may be switched easily 
from one system to another as monitoring needs 
change.

Commonly used cardiac monitoring systems 
include a three-electrode system and a fi ve-electrode 
system (Fig. 8-7). The three-electrode system allows 
monitoring of leads I, II, or III with only a single 
lead viewed on the monitor at one time (single-
channel recording) (Fig. 8-8). The three-electrode 
system can also be used to obtain a modifi ed version 
of any of the six chest leads, referred to as MCL1
through MCL6. Five-electrode systems allow moni-
toring of any of the 12 leads, with two or more leads 
viewed on the monitor simultaneously (multichan-
nel recording). Lead selection depends on the clini-
cal situation (Table 8-4, p. 70). Often, multichannel 
recording is desirable.

Troubleshooting cardiac monitoring problems is 
summarized in Box 8-3 on page 70.

Common Dysrhythmias
Dysrhythmias Originating at the Sinus 
Node
Box 8-4 on page 71 summarizes and compares ECG 
characteristics of sinus rhythms.

Sinus Tachycardia
In sinus tachycardia, the sinus node initiates an 
impulse at a rate of 100 beats/min (up to 160 to 180 
beats/min). Stress, exercise, stimulants (eg,  caffeine, 
nicotine), clinical conditions (eg, fever, anemia, 
hyperthyroidism, hypoxemia, heart failure, shock), 
and medications (eg, atropine, epinephrine, dopa-
mine) can cause sinus tachycardia. The rapid rate 
of sinus tachycardia increases oxygen demands on 
the myocardium and decreases the fi lling time of 
the ventricles, and if allowed to persist, may worsen 
underlying conditions such as heart failure or 
ischemia. Treatment is directed at eliminating the 
underlying cause.

EVIDENCE-BASED PRACTICE GUIDELINES
ST-Segment Monitoring

PROBLEM: Research demonstrates that monitoring for 
ST-segment changes in multiple leads, preferably 12 
leads, substantially improves the chance of identifying 
ischemic events, including silent (asymptomatic) ischemia.

EVIDENCE-BASED PRACTICE GUIDELINES

1. If 12-lead electrocardiography is available, ST-segment 
monitoring should be performed using all 12 leads. (level V)

2. If 12-lead electrocardiography is not available, leads 
for ST-segment monitoring are selected based on the 
patient’s needs and risk for ischemia.
Patients with acute coronary syndrome (ACS) and a known 

“ST fi ngerprint” (ie, a pattern of ST-segment elevation, 
depression, or both that is unique to the patient based on the 
site of coronary occlusion, obtained during a known ischemic 
event): Use the lead that best displays the patient’s ST fi nger-
print when monitoring. (level V)

Patients with ACS but no known ST fi ngerprint: Use leads III 
and V3. (level IV)

Patients without defi nitive ACS, but in whom ACS is sus-
pected or being ruled out: Use leads III and V5.

Noncardiac patients undergoing surgical procedures: Use lead 
V5 (useful for identifying demand-related ischemia). (level IV)

3. Once proper lead placement has been determined, mark 
the skin electrode placement with indelible ink. Do not 
alter the location of the skin electrodes during monitor-
ing because this can cause false-positive ST-segment 
changes. (level II)

4. Set the ST alarm parameter 1 to 2 mm above and below 
the patient’s baseline ST segment. (level II)

5. Evaluate the ST segment with the patient in the supine 
position. (level IV)

6. Recognize that ST depression or elevation of 1 to 2 mm 
that lasts for 1 minute or more can be clinically signifi cant 
and requires further assessment. (level II)

KEY

Level I: Manufacturer’s recommendations only

Level II: Theory based, no research data to support recommenda-
tions, but recommendations from expert consensus group may 
exist

Level III: Laboratory data, no clinical data to support 
recommendations

Level IV: Limited clinical studies to support recommendations

Level V: Clinical studies in more than one or two patient populations 
and situations to support recommendations

Level VI: Clinical studies in a variety of patient populations and situ-
ations to support recommendations

 ■ Adapted from American Association of Critical-Care Nurses (AACN) Prac-
tice Alert, revised 5/2009.

There are two types of cardiac monitoring systems:

• Hard-wire monitoring systems, commonly used 
in critical care units, require the patient to be 
linked directly to the cardiac monitor via the 
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RA
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LA

LL
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C

RL

B

LA

LL

F I G U R E  8 - 7  Cardiac monitoring. A: Three-electrode monitoring system. Leads placed in this position allow 
the nurse to monitor leads I, II, and III. The left leg electrode must be placed below the level of the heart. 
B: Five-electrode monitoring system. Using a fi ve-electrode system allows the nurse to monitor any of the 
12 leads of the electrocardiogram (ECG). The chest electrode must be moved to the appropriate chest loca-
tion when monitoring the precordial leads. C, chest; LA, left arm; LL, left leg; RA, right arm, RL, right leg.

Lead I

Lead II Lead III

F I G U R E  8 - 8  Leads I, II, or III may be viewed with a three-electrode 
system.

Sinus Bradycardia
In sinus bradycardia, the sinus node initiates 
impulses at a rate of less than 60 beats/min. Sinus 
bradycardia is present in both healthy and diseased 
hearts. It may be associated with sleep, severe pain, 
inferior wall myocardial infarction, acute spinal 
cord injury, and certain drugs (eg, digoxin, β-adren-
ergic blockers, verapamil, diltiazem). In people with 
healthy hearts, slow heart rates are tolerated well. 
However, in those with severe heart disease, the 
heart may not be able to compensate for a slow rate 
by increasing the stroke volume. In this situation, 
sinus bradycardia leads to a low cardiac output. No 
treatment is indicated unless symptoms are present. 
If the pulse is very slow and the patient is symptom-
atic, appropriate measures include atropine or car-
diac pacing.

Sinus Dysrhythmia
Sinus dysrhythmia is caused by an irregularity 
in sinus node discharge, often in association with 
phases of the respiratory cycle (ie, the sinus node 
rate gradually increases with inspiration and gradu-
ally decreases with expiration). On the ECG, the RR 
intervals (from the shortest to the longest) vary by 
more than 0.12 second. Sinus dysrhythmia is often 
normal, especially in young people with lower heart 
rates. It also occurs after enhancement of vagal 
tone (eg, with digoxin or morphine). Symptoms 
are uncommon unless there are excessively long 
pauses between heartbeats; usually no treatment is 
required.
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TA B L E  8 - 4 Suggested Monitoring Lead Selection

Lead Rationale for Use

II Produces large, upright visible P waves and QRS complexes for determining underlying rhythm
V1 or MCL1 Helpful for detecting right bundle branch block and to differentiate ventricular ectopy from supraventricular 

rhythm aberrantly conducted in the ventricles
V6 or MCL6 Helpful for detecting left bundle branch block and to differentiate ventricular ectopy from supraventricular 

rhythm aberrantly conducted in the ventricles
III, aVF, V1 Produce visible P waves; useful in detecting atrial dysrhythmias
I Useful in patients with respiratory distress

Less affected by chest motion compared with other leads due to the lead placement
II, III, aVF Helpful in detecting ischemia, injury, and infarction in the inferior wall left ventricle
I, aVL, V5, V6 Helpful in detecting ischemia, injury, and infarction in the lateral wall left ventricle
V1 through V4 Helpful in detecting ischemia, injury, and infarction in the septal and anterior wall left ventricle

B O X  8 - 3   Troubleshooting Cardiac Monitoring Problems

Excessive Triggering of Heart Rate Alarms
• Is the high–low alarm set too close to the patient’s 

heart rate?
• Is the monitor sensitivity level set too high or too low?
• Is the patient cable securely inserted into the monitor 

receptacle?
• Are the lead wires or connections damaged?
• Has the monitoring lead been properly selected?
• Were the electrodes applied properly?
• Are the R and T waves the same height, causing both 

waveforms to be sensed?
• Is the baseline unstable, or is there excessive cable or 

lead wire movement?

Baseline but No Electrocardiogram (ECG) Trace
• Is the size (gain or sensitivity) control properly 

adjusted?
• Is an appropriate lead selector being used on the 

monitor?
• Is the patient cable fully inserted into the ECG 

receptacle?
• Are the electrode wires fully inserted into the patient 

cable?
• Are the electrode wires fi rmly attached to the 

electrodes?
• Are the electrode wires damaged?
• Is the patient cable damaged?
• Call for service if the trace is still absent.
• Is the battery dead (for telemetry system)?

Intermittent Trace
• Is the patient cable fully inserted into the monitor 

receptacle?
• Are the electrode wires fully inserted into the patient 

cable?

• Are the electrode wires fi rmly attached to the 
electrodes?

• Are the electrode wire connectors loose or worn?
• Have the electrodes been applied properly?
• Are the electrodes properly located and in fi rm skin 

contact?
• Is the patient cable damaged?

Wandering or Irregular Baseline
• Is there excessive cable movement? This can be 

reduced by clipping to the patient’s clothing.
• Is the power cord on or near the monitor cable?
• Is there excessive movement by the patient? Are there 

muscle tremors from anxiety or shivering?
• Is site selection correct?
• Were proper skin preparation and application proce-

dures followed?
• Are the electrodes still moist?

Low-Amplitude Complexes
• Is size control adjusted properly?
• Were the electrodes applied properly?
• Is there dried gel on the electrodes?
• Change electrode sites. Check 12-lead ECG for lead with 

highest amplitude, and attempt to simulate that lead.
• If none of the preceding steps remedies the problem, 

the weak signal may be the patient’s normal complex.

Sixty-Cycle Interference
• Is the monitor size control set too high?
• Are there nearby electrical devices in use, especially 

poorly grounded ones?
• Were the electrodes applied properly?
• Is there dried gel on the electrodes?
• Are lead wires or connections damaged?

Sinus Arrest and Sinoatrial Block
In sinus arrest, the sinus node fails to form a dis-
charge, producing pauses of varying lengths because 
of the absence of atrial depolarization (P wave). The 
pause ends either when another pacemaker (eg, the 

AV node or the ventricles) takes over or when sinus 
node function returns. In SA block, the sinus node 
fi res, but the impulse is delayed or blocked from 
exiting the sinus node. SA block often is diffi cult to 
differentiate from sinus arrest on the ECG.
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F I G U R E  8 - 9  Sick sinus syndrome. Atrial fi brillation is followed by 
atrial standstill. A sinus escape beat is seen at the end of the strip.

Both dysrhythmias may result from disruption of 
the sinus node by infarction, degenerative fi brotic 
changes, drugs (eg, digoxin, β-adrenergic blockers, 
calcium channel blockers), or excessive vagal stim-
ulation. These rhythms usually are transient and 
insignifi cant unless a lower pacemaker fails to take 
over to pace the ventricles. Treatment to increase the 
ventricular rate is indicated if the patient is symp-
tomatic. In the presence of serious hemodynamic 
compromise, a pacemaker may be required.

Sick Sinus Syndrome
Sick sinus syndrome is a chronic form of sinus node 
disease. Patients exhibit severe degrees of sinus node 
depression, including marked sinus bradycardia, SA 
block, or sinus arrest. Often, rapid atrial dysrhyth-
mias, such as atrial fl utter or fi brillation (“tachycar-
dia–bradycardia syndrome”), coexist and alternate 
with periods of sinus node depression (Fig. 8-9). 

Management entails control of the rapid atrial dys-
rhythmias with drug therapy and, in some cases, 
control of very slow heart rates with implantation of 
a permanent pacemaker.

Atrial Dysrhythmias
Premature Atrial Contraction
A premature atrial contraction (PAC) occurs when 
an ectopic atrial impulse discharges prematurely 
and, in most cases, is conducted in a normal fashion 
to the ventricles. On the ECG tracing, the P wave is 
premature and may even be buried in the preced-
ing T wave; it often differs in confi guration from the 
sinus P wave (Fig. 8-10). The QRS complex usually 
is of normal confi guration. A short pause, usually 
less than “compensatory,” is present. (A pause is 
considered fully “compensatory” if the cycles of the 
normal and premature beats equal the time of two 
normal heart cycles.) Patients may have the sensa-
tion of a “pause” or “skip” in a heartbeat when PACs 
are present.

PACs may occur in healthy people as a result 
of emotions or stimulants (eg, tobacco, alcohol, 
caffeine). PACs also may be associated with rheu-
matic heart disease, ischemic heart disease, mitral 
stenosis, heart failure, hypokalemia, hypomagne-
semia, medications, and hyperthyroidism. In some 
patients, PACs are indicative of increasing atrial 
irritability and are a precursor to atrial tachycardia, 

B O X  8 - 4   Dysrhythmias Originating at the Sinus Node

Normal Sinus 
Rhythm Sinus Tachycardia Sinus Bradycardia Sinus Dysrhythmia

Rate 60 to 100 beats/min Greater than 100 beats/min Less than 60 beats/min 60 to 100 beats/min
Rhythm Regular Regular Regular Irregular
P waves Present, one per QRS Present, one per QRS Present, one per QRS Present, one per QRS
PR interval Less than 0.20 s, equal Less than 0.20 s, equal Less than 0.20 s, equal Less than 0.20 s, equal
QRS complex Less than 0.12 s Less than 0.12 s Less than 0.12 s Less than 0.12 s

Normal sinus rhythm Sinus tachycardia

Sinus bradycardia Sinus arrhythmia
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Premature P wave

F I G U R E  8 - 1 0  Premature atrial contraction (PAC).

atrial fi brillation, or atrial fl utter. Treatment, if indi-
cated, is aimed at identifying and addressing the 
underlying cause.

Paroxysmal Supraventricular Tachycardia
Paroxysmal supraventricular tachycardia (PSVT) is 
a rapid atrial rhythm occurring at a rate of 150 to 
250 beats/min (Fig. 8-11). PSVT is also known as AV 
nodal reentrant tachycardia because the mechanism 
most commonly responsible for this dysrhythmia is 
a reentrant circuit at the level of the AV node. The 
tachycardia begins abruptly, usually with a PAC, 
and it ends abruptly. The rhythm is regular, and the 
paroxysms may last from a few seconds to several 
hours or even days. P waves may precede the QRS 
complex but also may be hidden in the T waves at 
faster rates. The P waves may be negative in leads II, 
III, and aVF because of retrograde conduction from 
the AV node to the atria. The QRS complex usually 
is normal unless there is an underlying intraven-
tricular conduction problem. PSVT must be differ-
entiated from other supraventricular narrow QRS 
complex tachycardias (Table 8-5).

Like PACs, PSVT often occurs in adults with 
healthy hearts in response to emotions or stimu-
lants. Patients without underlying heart disease may 
experience palpitations and some light-headedness, 
depending on the rate and duration of the PSVT. 
Rheumatic heart disease, acute myocardial infarc-
tion, and digoxin toxicity may also produce PSVT. 

These patients may develop dyspnea, angina pecto-
ris, and heart failure as ventricular fi lling time, and 
thus cardiac output, is decreased.

A vagal maneuver (eg, carotid sinus massage) 
may be used to terminate the PSVT. If vagal stimu-
lation is unsuccessful, IV adenosine may be given. 
Cardioversion or overdrive pacing (ie, using a pace-
maker to pace the heart at a rate faster than the 
patient’s intrinsic rate to suppress the tachycardia) 
may be required if drug therapy is unsuccessful. 
Long-term prophylactic therapy may be indicated.

Atrial Flutter
Atrial fl utter is a rapid atrial ectopic rhythm in 
which the atria fi re at rates of 250 to 350 beats/ min 
(Fig. 8-12). The AV node, which functions as a “gate-
keeper,” may allow only every second, third, or 
fourth atrial stimulus to proceed to the ventricles, 
resulting in what is known as a 2:1, 3:1, or 4:1 fl ut-
ter block. The rapid and regular atrial rate produces 
“sawtooth” or “picket-fence” P waves on the ECG. It 
is usual for a fl utter wave to be partially concealed 
in the QRS complex or T wave. The QRS complex 
exhibits a normal confi guration except when aber-
rant conduction is present. When the ventricular 
rate is rapid, the diagnosis of atrial fl utter may be 
diffi cult. Vagal maneuvers or administration of 

PAC

F I G U R E  8 - 1 1  • Paroxysmal supraventricular tachycardia (PSVT), 
which begins with a premature atrial contraction (PAC).

TA B L E  8 - 5 Differential Diagnosis of Narrow QRS Tachycardia

Type of 
Supraventricular 
Tachycardia Onset Atrial Rate Ventricular Rate RR Interval

Response to 
Carotid Massage

Sinus tachycardia Gradual 100–180 beats/min Same as sinus rate Regular Gradual slowing
Paroxysmal 

supraventricular 
tachycardia 
 (PSVT)

Abrupt 150–250 beats/min Usually same as atrial 
rate; block seen with 
digoxin toxicity and 
AV node disease

Regular, except 
at onset and 
termination

May convert to 
normal sinus 
rhythm

Atrial fl utter Abrupt 250–350 beats/min Occurs with 2:1, 
3:1, 4:1, or varied 
ventricular response

Regular or 
regularly 
irregular

Abrupt slowing 
of ventricular 
response; fl utter 
waves remain

Atrial fi brillation Abrupt 400–650 beats/min Depends on ability of 
AV node to conduct 
atrial impulse; 
decreased with drug 
therapy

Irregularly 
irregular

Abrupt slowing 
of ventricular 
response; 
fi brillation waves 
remain
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F I G U R E  8 - 1 2  Atrial fl utter. P waves show a characteristic “saw-
toothed” pattern.

adenosine increase the degree of AV block and allow 
recognition of fl utter waves.

Atrial fl utter often is seen in the presence of 
underlying cardiac disease, including coronary 
artery disease (CAD), right-sided heart failure, and 
rheumatic heart disease. Treatment goals are to rees-
tablish sinus rhythm or, when the ventricular rate is 
rapid, to achieve ventricular rate control. Drugs may 
be selected to slow the conduction of the impulses 
through the AV node or to achieve pharmacological 
conversion of the rhythm. If pharmacological con-
version is not successful, electrical cardioversion 
can be used. If the patient has been experiencing 
atrial fl utter for more than 72 hours, anticoagula-
tion may be needed before pharmacological or elec-
trical conversion of the rhythm is attempted. Other 
therapies that may be indicated for the long-term 
management of atrial fl utter include ablation, pac-
ing, and use of an implantable cardioverter–defi bril-
lator (ICD).

Atrial Fibrillation
Atrial fi brillation is a rapid atrial ectopic rhythm, 
occurring with atrial rates of 350 to 500 beats/min 
(Fig. 8-13). It is characterized by chaotic atrial activ-
ity with small, quivering fi brillatory waves. As in 
atrial fl utter, the ventricular rate and rhythm depend 
on the ability of the AV junction to function as a 
gatekeeper. The ventricular rhythm is characteristi-
cally irregular.

Although atrial fi brillation may occur as a tran-
sient dysrhythmia in healthy young people, the 
presence of chronic atrial fi brillation is usually asso-
ciated with atrial muscle disease or atrial distention 
together with disease of the sinus node. This rhythm 
commonly occurs in heart failure, ischemic or rheu-
matic heart disease, congenital heart disease, pul-
monary disease, and after open heart surgery.

The immediate clinical concern in patients 
with atrial fi brillation is the rate of the ventricular 

F I G U R E  8 - 1 3  Atrial fi brillation. Characteristic atrial fi brillatory waves 
seen with a variable ventricular response.

response and the formation of emboli. If the ven-
tricular rate is too fast, end-diastolic fi lling time 
is decreased, and cardiac output is compromised. 
A ventricular rate that is too slow can also decrease 
cardiac output. Patients are at risk for the forma-
tion of mural thrombi in the fi brillating atrium and 
embolic events (eg, stroke, myocardial infarction, 
pulmonary embolus). The treatment principles for 
atrial fi brillation are the same as those for atrial 
fl utter.

Junctional Dysrhythmias
Junctional (Nodal) Rhythm
A junctional (nodal) rhythm originates in the AV 
node. When the SA node fails to fi re, the AV node 
usually takes control, but the rate is slower. The 
rate of a junctional rhythm ranges between 40 and 
60 beats/min. The P wave in the dysrhythmia can 
have one of three possible confi gurations:

1. The AV node fi res, and the wave of depolarization 
travels backward (retrograde conduction) into the 
atria. The impulse from the AV node then moves 
forward into the ventricle. On the ECG, the P 
wave appears as an inverted wave before a normal 
QRS complex (Fig. 8-14A).

2. The retrograde conduction into the atria occurs at 
the same time as the forward conduction into the 
ventricles. The resulting rhythm strip shows an 
absent P wave with a normal QRS complex (see 
Fig. 8-14B). In reality, the P wave is not absent; it 
is buried inside the QRS complex.

3. Forward conduction into the ventricles precedes 
retrograde conduction into the atria. On the ECG, 
a normal QRS complex is followed by an inverted 
P wave (see Fig. 8-14C).

A junctional rhythm may be the result of hypoxia, 
hyperkalemia, myocardial infarction, heart  failure, 
valvular disease, drugs (digoxin, β-adrenergic 
 blockers, calcium channel blockers), or any cause 
of SA node dysfunction. Patients with a junctional 
rhythm may develop hypotension, decreased car-
diac output, and decreased perfusion as a result of 
the slower rate. The benefi t of AV synchrony and 
the atrial kick (which provides 20% of the cardiac 
output) is lost when the atria are stimulated with or 
after ventricular depolarization.

Symptomatic patients may require immediate 
treatment, which is directed at the underlying cause. 
Interventions are also directed toward improving 
the heart rate (eg, through the use of atropine or 
 cardiac pacing) and improving cardiac output.

Premature Junctional Contractions
A premature junctional contraction (PJC) is an 
ectopic impulse initiated at the AV junction that 
occurs prematurely, before the next sinus impulse 
(Fig. 8-15). As in all rhythms originating in the AV 
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A

B

C

F I G U R E  8 - 1 4  Junctional rhythm. A: A junctional rhythm in which the inverted P wave appears before a nor-
mal QRS complex. B: A junctional rhythm in which the inverted P wave is buried inside the QRS complex. C: 
A junctional rhythm in which the inverted P wave follows the QRS complex.

F I G U R E  8 - 1 5  Premature junctional contraction.

junction, the QRS complex is narrow (less than 0.12 
second), refl ecting normal AV conduction. Rarely, 
the QRS complex may be wide if the impulse is 
conducted aberrantly. The atria are depolarized in a 
retrograde fashion before, during, or after ventricu-
lar excitation, producing inverted P waves that may 
occur before, during, or after the QRS complex. As 
with PACs, PJCs may occur in healthy people or 
in those with underlying heart disease. Ischemia 
or infarction may activate an ectopic focus in the 
AV junction, as may stimulants or pharmacological 
agents (eg, digoxin). Although usually asymptom-
atic, patients may experience a feeling of a “skipped 
beat.” Treatment for PJCs is not necessary.

RED FLAG! Frequent PJCs may indicate
increasing irritability and may be a precursor to a
junctional rhythm.

Ventricular Dysrhythmias
Premature Ventricular Contractions
A premature ventricular contraction (PVC) is an 
ectopic beat originating prematurely at the level of 
the ventricles. Because the beat originates in the 
ventricles, there is no atrial electrical activity, and 
thus no P waves on the ECG (Fig. 8-16A). Rather 
than traveling through the normal ventricular 
conduction system, the ventricular depolarization 
spreads more slowly through the Purkinje system, 
producing a wide QRS complex with a T wave 
that is opposite in direction to the QRS complex. 
A compensatory pause often follows the premature 
beat as the heart awaits the next stimulus from the 
sinus node.

Premature ventricular beats can be described by 
their frequency (number of PVCs per minute) and 
pattern. Ventricular bigeminy is a PVC that occurs 
after each sinus beat (see Fig. 8-16A). Ventricular 
trigeminy is a PVC occurring after two consecutive 
sinus beats. When PVCs originate from one ven-
tricular site, each of the PVCs has the same confi gu-
ration and is referred to as “uniform.” When PVCs 
originate from more than one ventricular site, two 
or more shapes of the QRS complex appear and the 
PVC is said to be “multiform” (see Fig. 8-16B). Two 
PVCs in a row are a couplet (see Fig. 8-16C). Three 
in a row are a triplet, and constitute a short run of 
ventricular tachycardia (see Fig. 8-16D).
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A

B

C

D

F I G U R E  8 - 1 6  Various forms and patterns of premature ventricular contractions (PVCs). A: Ventricular bigem-
iny. (Every other beat is a PVC.) B: Multiformed PVCs. C: Couplet (two PVCs in a row). D: Triplet, constituting 
a run of ventricular tachycardia. The rhythm then converts to sinus rhythm with fi rst-degree heart block.

The most common of all ectopic beats, PVCs can 
occur with or without heart disease in any age group. 
They are especially common in people with myocar-
dial disease (ischemia or infarction) or with myo-
cardial irritability (eg, as a result of hypokalemia, 
increased levels of catecholamines, or mechanical 

irritation by a wire or catheter). Because of their 
association with ventricular myocardial irritability, 
PVCs may lead to ventricular tachycardia or ventric-
ular fi brillation in some patients. In patients with 
serious heart disease, numerous and multiformed 
PVCs worsen the prognosis.
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Torsades de Pointes
Torsades de pointes (“twisting of the points”) is a 
specifi c type of ventricular tachycardia (Fig. 8-18). 
The dysrhythmia is characterized by large, bizarre, 
polymorphous, or multiformed QRS complexes of 
varying amplitude and direction, frequently varying 
from beat to beat and resembling torsion around 
an isoelectric line (hence the name, “twisting of 
the points”). The rate of the tachycardia is 100 to 
180 beats/min but can be as fast as 200 to 300 beats/
min. The rhythm is highly unstable; it may terminate 
in ventricular fi brillation or revert to sinus rhythm.

Torsades de pointes is most likely to develop in 
patients with myocardial disease when the refrac-
tory period (ie, the QT interval) is prolonged, such 
as in severe bradycardia, drug therapy (especially 
with type IA antidysrhythmic agents), and electro-
lyte disturbances (eg, hypokalemia, hypocalcemia). 
Other factors that can precipitate this dysrhythmia 
include familial QT-interval prolongation, central 
nervous system disorders, and hypothermia.

RED FLAG! In patients who are at high risk
for torsades de pointes, dysrhythmia monitoring
should include measurement of the QT interval and
calculation of the QTc (ie, the QT interval corrected
for heart rate) using a consistent lead.2

Treatment focuses on shortening the refractory 
period by administering IV magnesium sulfate or 
initiating overdrive pacing. Emergency cardiover-
sion or defi brillation is indicated if the dysrhythmia 
does not revert spontaneously to sinus rhythm.

Ventricular Fibrillation
Ventricular fi brillation is rapid, irregular, and inef-
fectual depolarizations of the ventricle. On ECG, 
only irregular oscillations of the baseline are appar-
ent; these may be either coarse or fi ne in appearance 
(Fig. 8-19). Loss of consciousness occurs within 
seconds. There is no pulse and no cardiac output. 
Causes of ventricular fi brillation include myocardial 
ischemia and infarction, catheter manipulation in 
the ventricles, electrocution, terminal rhythms in 
circulatory failure, and conditions that prolong the 
refractory period (QT interval).

RED FLAG! Ventricular fi brillation is fatal if
rapid defi brillation is not instituted immediately. If
there is no response to defi brillation, support with
cardiopulmonary resuscitation (CPR) and drugs is
required.

Accelerated Idioventricular Rhythm
Accelerated idioventricular rhythm (AIVR) occurs 
when the ventricular pacemaker cells increase their 

Infrequent, isolated PVCs require no treatment. 
Multiple or consecutive PVCs may be managed with 
antidysrhythmic agents. In the emergency setting, 
amiodarone and lidocaine are the drugs of choice. 
Other antidysrhythmic agents are available for 
chronic therapy. Treatment of the underlying cause 
(eg, hypokalemia, digoxin toxicity) may also correct 
the dysrhythmia.

RED FLAG! PVCs approaching the preceding 
T wave (R-on-T phenomenon) are of clinical concern.
The T wave represents ventricular repolarization. If
stimulation occurs during this vulnerable period,
ventricular fi brillation and sudden death may result 
(see fi gure below).

Ventricular Tachycardia
Ventricular tachycardia is defi ned as three or more 
PVCs in a row. Ventricular tachycardia is recog-
nized by wide, bizarre QRS complexes occurring 
in a fairly regular rhythm at a rate greater than 
100 beats/min (Fig. 8-17). P waves, if seen, are not 
related to the QRS complex. Ventricular tachycardia 
may be a short, nonsustained rhythm or longer and 
sustained. Dysrhythmia progression depends on the 
underlying heart disease.

Ventricular tachycardia is a common complica-
tion of myocardial infarction. Other causes are the 
same as those described for PVCs. Signs and symp-
toms of hemodynamic compromise (eg, ischemic 
chest pain, hypotension, pulmonary edema, loss of 
consciousness) may be seen if the tachycardia is sus-
tained. The patient may or may not have a pulse and 
cardiac output.

If the patient is hemodynamically stable, amio-
darone may be administered intravenously. If the 
patient becomes unstable, synchronized cardiover-
sion (or in emergency situations, unsynchronized 
defi brillation) is indicated. Long-term treatment for 
this dysrhythmia may involve the use of an ICD.

RED FLAG! Ventricular tachycardia is often a
precursor to ventricular fi brillation.

F I G U R E  8 - 1 7  Ventricular tachycardia.

F I G U R E  8 - 1 8  Torsades de pointes.
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rate beyond their normal rate of 20 to 40 beats/
min. AIVR is characterized by wide QRS complexes 
occurring regularly at a rate of 50 to 100 beats/min 
(Fig. 8-20). When the idioventricular rate exceeds 
the sinus rate, the ventricular pacemaker becomes 
the primary pacemaker. AIVR may last for a few 
beats or may be sustained. Typically, AIVR is seen 
with acute myocardial infarction, often in the set-
ting of coronary artery reperfusion after throm-
bolytic therapy. It may occur less commonly as a 
result of ischemia or digoxin toxicity. Patients usu-
ally are asymptomatic. Adequate cardiac output can 
be maintained, and degeneration into ventricular 
tachycardia is rare. If a patient is hemodynamically 
compromised, the sinus rate is increased with atro-
pine or atrial pacing to suppress the AIVR.

Atrioventricular Blocks
Atrioventricular (AV) blocks occur when the sinus-
initiated beat is delayed or completely blocked from 
activating the ventricles. The block may occur at the 
AV node, the bundle of His, or the bundle branches. 
In fi rst- and second-degree AV block, the block is 
incomplete; some or all of the impulses eventu-
ally are conducted to the ventricles. In third-degree 
(complete) heart block, none of the sinus-initiated 
impulses are conducted. Box 8-5 summarizes the 
ECG characteristics of heart blocks.

First-Degree Atrioventricular Block
In fi rst-degree block, AV conduction (repre-
sented by the PR interval) is prolonged and equal 
in length per beat. All impulses eventually are 
conducted to the ventricles. First-degree block 
occurs in people of all ages and in healthy and 
diseased hearts. Causes may include medications 

F I G U R E  8 - 1 9  Ventricular fi brillation.

F I G U R E  8 - 2 0  Accelerated idioventricular rhythm (AIVR). 
The fi rst three beats are of ventricular origin. The fourth beat (arrow) 
represents a fusion beat. The subsequent two beats are of sinus 
origin.

(eg, digoxin, β-adrenergic blockers, calcium 
channel blockers); CAD; infectious disease; and 
congenital lesions. First-degree block is of no 
hemodynamic consequence but is an indicator of 
a potential AV conduction system disturbance and 
may progress to second- or third-degree AV block. 
Management entails monitoring the PR interval 
closely for further block, and exploring underlying 
causes (eg, drug effect).

Second-Degree Atrioventricular Block—Mobitz I 
(Wenckebach)
Mobitz type I (Wenckebach) block occurs when 
AV conduction is delayed progressively with each 
sinus impulse until eventually the impulse is com-
pletely blocked from reaching the ventricles. The 
cycle then repeats itself. Of the two types of sec-
ond-degree block, Mobitz type I is the more com-
mon. A Mobitz type I block usually is associated 
with block above the bundle of His; therefore, 
any medication or disease process that affects the 
AV node (eg, digoxin, myocarditis, inferior wall 
myocardial infarction) may produce this type of 
second-degree block. Patients with a Mobitz type 
I block rarely are symptomatic because the ven-
tricular rate usually is adequate. The block often 
is temporary, and if it progresses to third-degree 
block, a junctional pacemaker at a rate of 40 to 
60 beats/min usually takes over to pace the ventri-
cles. No treatment is required except patient mon-
itoring and discontinuation of pharmacotherapy, 
if a drug is the offending agent.

Second-Degree Atrioventricular Block—Mobitz II
Mobitz type II block is an intermittent block in AV 
conduction, usually in or below the bundle of His. 
This type of block is seen in the setting of an ante-
rior wall myocardial infarction and various diseases 
of the conducting tissue, such as fi brotic disease. 
A Mobitz type II block is potentially more dangerous 
than a Mobitz type I block. Mobitz type II block often 
is permanent, and it may deteriorate rapidly to third-
degree heart block with a slow ventricular response of 
20 to 40 beats/min. Constant monitoring and obser-
vation for progression to third-degree heart block are 
required. Medications (eg, atropine) or  cardiac pac-
ing may be required if the patient becomes symptom-
atic or if the block occurs in the setting of an acute 
anterior wall myocardial infarction. Permanent 
 pacing often is indicated for long-term management.

Third-Degree (Complete) Atrioventricular Block
In third-degree (complete) heart block, the sinus 
node continues to fi re normally, but the impulses do 
not reach the ventricles. The ventricles are stimu-
lated by pacemaker cells either in the junction (at 
a rate of 40 to 60 beats/min) or in the ventricles 
(at a rate of 20 to 40 beats/min), depending on the 
level of the AV block. The causes of complete heart 
block are the same as for lesser degrees of AV block. 
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B O X  8 - 5   Heart Block Rhythms

First-Degree 
Heart Block

Second-Degree 
Heart Block—Mobitz 
Type I (Wenckebach)

Second-Degree 
Heart Block—
Mobitz Type II

Third-Degree Heart 
Block

Rate Usually 60 to 
100 beats/min

Usually 60 to 100 beats/
min

May be slow depending 
on number of 
blocked P waves

Rate determined by 
ventricular focus, 
usually very slow

Rhythm Regular Irregular due to dropped 
QRS

Often regular but 
depends on pattern 
of block; PP interval 
regular

May be regular or irregular 
ventricular focus; 
PP and RR intervals 
regular

P waves Present, one per 
QRS (1:1)

Present, one per QRS 
until QRS is missed

Present, more than one 
P wave per QRS 
(2:1, 3:1, or 4:1 
block)

Present, more than one P 
wave per QRS; P waves 
no relationship to QRS 
complexes

PR interval Greater than 
0.20 s, equal 
throughout; 
constant

Progressively gets longer 
until QRS is missed; 
pattern repeats

May be normal or 
prolonged, equal 
throughout (fi xed)

May be normal or 
prolonged, unequal 
throughout (variable)

QRS complex Less than 0.12 s Less than 0.12 s Usually greater than 
0.12 s (due to BBB)

Greater than 0.12 s

First-degree heart block

Second-degree heart block (Mobitz type I)

Second-degree heart block (Mobitz type II)

Third-degree (complete) heart block

P waves
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disease in the older patient is a common cause of 
left bundle branch block.

The patient is monitored for involvement of the 
other bundles or for progression to complete heart 
block. Progression of block may be very slow or 
rapid, depending on the clinical setting. A tempo-
rary pacemaker may be inserted until a permanent 
pacemaker can be placed, if indicated.

Management of Dysrhythmias
Pharmacotherapy
Antidysrhythmic drugs are used to restore the 
heart to a regular rhythm. The therapeutic window 
is small, and these drugs may have a toxic effect, 
especially when used in combination with other 
antidysrhythmic agents. Many antidysrhythmics 
are classifi ed by their effect on the cardiac action 
potential—whether they block β-adrenoreceptors or 
sodium, potassium, or calcium channels (Table 8-6). 
Table 8-7 summarizes antidysrhythmic drugs that 
are commonly used in critical care settings.

Class I Antidysrhythmics (Sodium Channel 
Blockers)
Because many class I antidysrhythmics may cause 
life-threatening dysrhythmias and often interact 

Complete heart block is often poorly tolerated. If the 
rhythm is ventricular in origin, the rate is slow, and 
the pacemaker site is unreliable. The patient may 
be symptomatic because of a low cardiac output. A 
pacemaker site high in the bundle of His may pro-
vide an adequate rate to sustain cardiac output and 
is more dependable. A temporary pacing wire is usu-
ally inserted immediately, and when the patient is 
stabilized, a permanent pacemaker is implanted.

Bundle Branch Block
A bundle branch block develops when there is a 
block in one of the major branches of the intraven-
tricular conduction system. The right ventricle has 
a single bundle branch and the left ventricle has 
two bundle branches. The impulse travels along 
the unaffected bundle and activates one ventricle 
normally. However, because the impulse must then 
travel outside the normal conduction system to 
reach the other ventricle, depolarization of the other 
ventricle is delayed. The right and left ventricles are 
thus depolarized sequentially instead of simulta-
neously. The abnormal activation produces a wide 
QRS complex (representing the increased time it 
takes for ventricular depolarization) with two peaks 
(indicating that depolarization of the two ventricles 
was not simultaneous).

A bundle branch block is determined by view-
ing the 12-lead ECG. In right bundle branch block, 
depolarization of the right ventricle is delayed, 
which alters the confi guration of the QRS complex 
in the right-sided chest leads, V1 and V2. Normally, 
these leads have a small, single-peaked R-wave and 
deep S-wave confi guration. A right bundle branch 
block is evidenced by an RSR' confi guration in V1 
(Fig. 8-21A) If the initial peak of the QRS complex 
is smaller than the second peak, the pattern would 
be described as rSR'. Likewise, if the initial peak 
of the QRS complex is taller than the second peak, 
the pattern is described as an RSR'. Whenever ven-
tricular depolarization is abnormal, so is ventricular 
repolarization. As a result, ST-segment and T-wave 
abnormalities may be seen in leads V1 and V2 for 
patients with a right bundle branch block.

A left bundle branch block changes the QRS com-
plex pattern in the left-sided chest leads, V5 and V6. 
Normally, these leads have a tall, single-peaked R wave 
and a small or absent S wave. Instead, the double-
peaked RSR' pattern is noted (see Fig. 8-21B). In addi-
tion, V1 shows a small R wave with a widened S wave, 
indicating delayed conduction through the ventricles. 
As in right bundle branch block, the ST segments and 
T waves may be abnormal in leads V5 and V6.

The most common causes of bundle branch block 
are myocardial infarction, hypertension, heart fail-
ure, and cardiomyopathy. Right bundle branch 
block may be found in healthy people with no clini-
cal evidence of heart disease, in patients with con-
genital lesions involving the septum, and in patients 
with right ventricular hypertrophy. Left bundle 
branch block is usually associated with some type of 
underlying heart disease. Long-term cardiovascular 

A

B

F I G U R E  8 - 2 1  Bundle branch block. A: V1 tracing showing the wide 
QRS complex and double-peaked R wave characteristic of right 
bundle branch block. B: A V6 tracing showing the wide QRS complex 
and double-peaked R wave characteristic of left bundle branch block.
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TA B L E  8 - 6 Classifi cation of Antidysrhythmic Medications

Class Action Examples

IA Inhibits fast sodium channel, decreases automaticity, depresses phase 0, and prolongs 
the action potential duration

Quinidine
Procainamide
Disopyramide

IB Inhibits fast sodium channel, depresses phase 0 slightly, and shortens action potential 
duration

Lidocaine
Mexiletine

IC Inhibits fast sodium channel, depresses phase 0 markedly, slows His–Purkinje 
conduction profoundly leading to a prolonged QRS duration

Flecainide
Moricizine
Propafenone

II Depresses phase 4 depolarization, blocks sympathetic stimulation of the conduction 
system

Esmolol
Propranolol
Sotalol (plus class III effects)
Acebutolol

III Blocks potassium channel, prolongs phase 3 repolarization, prolongs action potential 
duration

Amiodarone
Sotalol
Ibutilide
Dofetilide

IV Inhibits inward calcium channel, depresses phase 4 depolarization, lengthens 
repolarization in phases 1 and 2

Verapamil
Diltiazem

TA B L E  8 - 7 Selected Antidysrhythmic Medications

Drug Antidysrhythmic Indications Major Adverse Effects

Class I
Procainamide Ventricular tachycardia, ventricular fi brillation, supraventricular 

tachycardias, atrial fi brillation, atrial fl utter
Hypotension with IV use, asystole, ventricular 

fi brillation, heart block, torsades de pointes
Lidocaine Ventricular tachycardia, ventricular fi brillation Bradycardia, hypotension, tremors, dizziness, 

tinnitus, convulsions, mental status changes
Flecainide Atrial fi brillation and paroxysmal supraventricular tachycardia 

(PSVT) in patients without structural heart disease; 
ventricular tachycardia

Ventricular dysrhythmias, palpitations, 
dizziness, dyspnea, headache, fatigue, 
nausea

Class II
Esmolol Supraventricular tachycardias including atrial fi brillation and 

atrial fl utter; noncompensatory sinus tachycardia
Hypotension, heart block, bronchospasm

Propranolol Supraventricular tachycardias; ventricular dysrhythmias; 
digoxin-induced tachydysrhythmias; premature ventricular 
contractions (PVCs)

Hypotension, heart block, bradycardia, heart 
failure, bronchospasm, gastrointestinal 
upset

Sotalol Ventricular tachycardia, ventricular fi brillation, maintenance 
of normal sinus rhythm in patients with symptomatic atrial 
fi brillation or atrial fl utter

Bradycardia, AV block, heart failure, 
bronchospasm, gastric pain

Class III
Ibutilide Atrial fi brillation, atrial fl utter Hypotension, torsades de pointes, ventricular 

tachycardia, bundle branch block, 
bradycardia

Dofetilide Atrial fi brillation, atrial fl utter; maintenance of normal sinus 
rhythm after conversion

Torsades de pointes, bradycardia

Amiodarone Ventricular fi brillation, ventricular tachycardia, pulseless 
ventricular tachycardia, atrial fi brillation, atrial fl utter; wide-
complex tachycardia, and preexcited atrial fi brillation

Heart block, cardiac arrest, bradycardia, 
hypotension, ventricular tachycardia

Class IV
Verapamil PSVT, ventricular rate control in atrial fi brillation, atrial fl utter Hypotension, heart block, heart failure, 

bradycardia
Diltiazem Ventricular rate control in atrial fi brillation, atrial fl utter; PVST Bradycardia, heart block, hypotension

Unclassifi ed
Adenosine PSVT; idiopathic ventricular tachycardia; evaluation of 

ventricular tachycardia, supraventricular tachycardia, 
latent preexcitation

Bradycardia, heart block, asystole, chest pain

Atropine Symptomatic sinus bradycardia, AV block, asystole, 
bradycardic pulseless electrical activity

Palpitations, tachycardia

Digoxin Ventricular rate control in atrial fi brillation Heart block, bradycardia, digoxin toxicity
Magnesium sulfate Torsades de pointes; refractory ventricular tachycardia and 

ventricular fi brillation; life-threatening dysrhythmias caused 
by digoxin toxicity

Hypotension, nausea, depressed refl exes, and 
fl ushing
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with other drugs commonly used for cardiovascular 
disease, these agents are used only in select cases. In 
general, research data do not support the effective-
ness of class I antidysrhythmics.

Class II Antidysrhythmics (b-Adrenergic 
Blockers)
This class of drugs has a broad spectrum of activ-
ity and an established safety record and is currently 
the best class of antidysrhythmics for general use. 
Acebutolol, esmolol, propranolol, and sotalol are 
approved to treat dysrhythmias.

Class III Antidysrhythmic Drugs (Potassium 
Channel Blockers)
Amiodarone is indicated for the treatment of ven-
tricular tachycardia, atrial fi brillation, and atrial 
fl utter. The advanced cardiac life support (ACLS) 
algorithms include amiodarone as a fi rst-line 
option for treating ventricular fi brillation, pulse-
less ventricular tachycardia, wide-complex tachy-
cardia (either supraventricular or ventricular), 
and atrial fi brillation.3 Limitations of amiodarone 
include its variable onset of action, intolerable 
adverse effects, dangerous drug interactions, and 
life-threatening complications associated with 
chronic therapy.

Ibutilide and dofetilide are indicated for atrial 
fi brillation and atrial fl utter. Ibutilide inhibits 
potassium current and enhances sodium current, 
prolonging repolarization. Dofetilide blocks the 
rapid potassium current channel, prolonging the 
action potential duration and refractory period. 
Although these agents may cause a prolonged 
QT interval and torsades de pointes, they have 
fewer systemic adverse effects than other class III 
agents.

Class IV Antidysrhythmics (Calcium Channel 
Blockers)
Class IV agents are primarily indicated for the 
treatment of supraventricular tachycardia. In 
general, calcium channel blockers are only used 
when β-adrenergic blockers are contraindicated or 
maximal dosage has been reached without effect. 
Adverse effects include hypotension, decreased 
myocardial contractility (except with diltiazem), 
and bradycardia.

Adenosine
Adenosine is a fi rst-line antidysrhythmic that effec-
tively converts narrow-complex PSVT to normal 
sinus rhythm by slowing conduction through the 
AV node. This agent is effective in terminating 
dysrhythmias caused by reentry involving the SA 
and AV nodes; however, it does not convert atrial 
fi brillation, atrial fl utter, or ventricular tachycar-
dia to sinus rhythm. Adenosine is also used to dif-
ferentiate between ventricular tachycardia and 

supraventricular tachycardia, and treat rare forms 
of idiopathic ventricular tachycardia. The half-life of 
adenosine is less than 10 seconds; therefore, adverse 
effects (which include a brief period of asystole) are 
short-lived.

Magnesium Sulfate
Magnesium sulfate is the drug of choice for treat-
ing torsades de pointes. Magnesium is also used for 
refractory ventricular tachycardia and ventricular 
fi brillation, as well as for life-threatening dysrhyth-
mias caused by digoxin toxicity. Its mechanism of 
action is unclear; however, it has calcium channel 
blocking properties and inhibits sodium and potas-
sium channels.

Atropine
Atropine reduces the effects of vagal stimulation, 
thus increasing heart rate and improving cardiac 
function. It is a fi rst-line drug used to treat symp-
tomatic bradycardia and slowed conduction at the 
AV node.

RED FLAG! It is important not to increase
the heart rate excessively in patients with ischemic
heart disease because doing so may increase
myocardial oxygen consumption and worsen
ischemia.

Digoxin
Digoxin is a mild positive inotrope with antidys-
rhythmic and bradycardic actions. It is primarily 
indicated for patients with both heart failure and 
chronic atrial fi brillation. It may also be used to con-
trol a rapid ventricular rate associated with atrial 
fi brillation or atrial fl utter and in combination with 
calcium channel blockers or β-adrenergic blockers 
for patients without heart failure. Because of its nar-
row therapeutic window, toxicity is common and is 
frequently associated with serious dysrhythmias. 
Other signs and symptoms of toxicity include palpi-
tations, syncope, gastrointestinal upset, and neuro-
logic changes.

Electrical Cardioversion
In electrical cardioversion, a defi brillator is used 
to deliver a shock that is synchronized with ven-
tricular depolarization by detecting the patient’s 
R wave; this minimizes the risk for causing ven-
tricular fi brillation, which can occur if a shock is 
delivered during ventricular repolarization (on the 
T wave). Cardioversion is indicated to convert sus-
tained supraventricular or ventricular tachydys-
rhythmias to sinus rhythm, especially when the 
patient is hemodynamically unstable. It may be used 
electively for recent-onset dysrhythmias that do not 
respond to antidysrhythmic agents.

Although recommendations are made for the 
amount of joules needed to convert various rhythms 
(Table 8-8), the actual energy needed may vary 
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TA B L E  8 - 8 Energy Requirements for Cardioversion

Dysrhythmia
Energy Requirements 
in Joules (J)a

Monomorphic ventricular 
tachycardia with a pulse

100–360

Atrial fl utter 50
Atrial fi brillation 200 initially

aEnergy requirements given are for a monophasic defi brillator. Energy 
requirements for a biphasic defi brillator vary but are usually less.

TA B L E  8 - 9 Precautions and Relative Contraindications to Cardioversion

Condition Complications

Digoxin toxicity Ventricular irritability, asystole
Hypokalemia Ventricular irritability/fi brillation
Atrial fi brillation with slow ventricular response Postcardioversion asystole
Atrial fi brillation of unknown duration with inadequate 

anticoagulation
Thromboembolization

Pacemaker dependency Rise in thresholds with loss of capture
Low-amplitude R wave Synchronization on T wave leading to ventricular fi brillation

heart in sinus rhythm and any abnormal sequence 
of activation during an induced dysrhythmia. The 
recordings are used to create a map that is used 
to guide the placement of the ablating catheter by 
identifying the focus of the dysrhythmia or the loca-
tion of an accessory pathway. When the appropriate 
site is identifi ed, an ablating catheter is positioned 
in the targeted area of the heart and the radiofre-
quency current is applied. Elimination of the target 
site is evaluated by examining the ECG and IC-EGM 
tracings and confi rmed when the dysrhythmia is no 
longer inducible on a postprocedure EPS.

Cardiac Pacing
Cardiac pacing is most commonly indicated for con-
ditions that result in failure of the heart to initiate 
or conduct an intrinsic electrical impulse at a rate 
adequate to maintain perfusion (eg, dysrhythmias, 
atherosclerotic heart disease, acute myocardial 
infarction). Cardiac pacing can be used to treat bra-
dydysrhythmias and tachydysrhythmias. Common 
terms associated with cardiac pacing are defi ned in 
Box 8-6.

Types of Pacing Systems
Pacing systems consist of a pulse generator and one 
to three leads with electrodes. The electrodes at the 
distal end of the lead provide sensing and pacing of 
the heart muscle. Cardiac pacing may be permanent 
or temporary.

Permanent Pacing Systems
Box 8-7 summarizes indications for permanent 
cardiac pacing. Most permanent pulse genera-
tors are inserted in a subcutaneous pocket in the 
pectoral region below the clavicle (Fig. 8-22). The 
pulse generator for a permanent pacemaker is a 
lithium iodide battery, which lasts for about 6 to 
12 years. The permanent pacemaker lead is typi-
cally inserted either through a subclavian vein 
or a cephalic vein through the chest wall (see 
Fig. 8-22). The lead is then positioned with fl uo-
roscopic guidance and affi xed in the right atrial 
appendage or in the apex of the right ventricle, or 
in both locations. A third lead may be inserted in 
a coronary sinus branch to stimulate the left ven-
tricle for biventricular pacing.

depending on the duration of the dysrhythmia, 
transthoracic impedance, and the type of defi brilla-
tor (ie, monophasic or biphasic). Monophasic defi -
brillators deliver a current of electricity that travels 
in a single direction between the two paddles that 
are placed on the patient’s chest, whereas biphasic 
defi brillators deliver a current of electricity that 
travels back and forth between the two paddles, thus 
requiring fewer joules.

Precautions and relative contraindications for 
cardioversion are listed in Table 8-9. The patient 
should have nothing by mouth before the proce-
dure and receive sedation. After conversion to sinus 
rhythm, antidysrhythmic therapy may be initiated 
for rhythm maintenance.

Radiofrequency Ablation
In radiofrequency ablation, a percutaneous catheter 
is inserted through a vein or artery and positioned in 
the heart to deliver radiofrequency energy to a local-
ized area of the myocardium, creating a small area 
of irreversible tissue injury. The localized area of 
damage prevents the dysrhythmia by eliminating its 
point of origination (ie, its focus) or by interrupting 
its conduction (accessory pathway). Radiofrequency 
ablation is used to treat tachydysrhythmias (eg, 
PSVT, AV nodal reentrant tachycardia, atrial fi bril-
lation, or fl utter).4

Before ablation, the patient undergoes an elec-
trophysiological study (EPS). During the EPS, cath-
eters are placed in the heart to record intracardiac 
electrograms (IC-EGMs). The test provides informa-
tion about the sequence of electrical activation of the 

Morton_Chap08.indd   82Morton_Chap08.indd   82 2/4/2012   2:34:17 PM2/4/2012   2:34:17 PM



Dysrhythmia Interpretation and Management C H A P T E R  8 83

B O X  8 - 7   Indications for Permanent Cardiac 
Pacing

• Second-degree atrioventricular (AV) block—Mobitz II
• Third-degree (complete) heart block
• Bilateral bundle branch blocks
• Symptomatic bradydysrhythmias
• Asystole
• Sick sinus syndrome
• Prophylaxis during open heart surgery
• Tachydysrhythmias
• Bifascicular LBBB

Subclavian vein

Axillary 
vein

Cephalic vein

Pacemaker

F I G U R E  8 - 2 2  Transvenous installation of a permanent pacemaker. 
For dual-chamber pacing, a separate pacing wire would be in the 
atrium.

B O X  8 . 6  Clinical Terminology Related to Pacemakers

Active fi xation lead: A pacing lead with some design at 
the lead tip (corkscrew, coil) that allows the tip to be 
embedded in heart tissue, thus decreasing the likeli-
hood of dislodgment

Asynchronous pacing: A pacemaker that fi res at a 
fi xed rate regardless of the intrinsic activity of the 
heart

Bipolar lead: A pacing lead containing two electrodes. 
One electrode is at the tip of the lead and provides 
stimulation to the heart. A second electrode is several 
millimeters proximal to the tip and completes the 
electrical circuit. Both electrodes provide sensing of 
the intrinsic cardiac activity.

Capture: The depolarization of a cardiac chamber in 
response to a pacing stimulus

Chronotropic incompetence: Inability of the sinus 
node to accelerate in response to exercise

Demand pacing (inhibited pacing): A pacemaker 
that withholds its pacing stimulus when sensing an 
adequate intrinsic heart rate

Dual-chamber pacing (physiological pacing): Pacing 
in both the atria and the ventricles to artifi cially 
restore atrioventricular (AV) synchrony

Electromagnetic interference: Electrical or magnetic 
energy that can interfere with or disrupt the function 
of the pulse generator

Milliamperage (mA): The unit of measure used for 
the electrical stimulus (output) generated by the 
pacemaker

Multisite pacing: The ability to stimulate more than 
one site in a chamber (eg, right ventricle and left ven-
tricle stimulation in biventricular pacing)

Overdrive pacing: A method of suppressing tachy-
cardia by pacing the heart at a rate faster than the 
patient’s intrinsic rate

Oversensing: Inhibition of the pacemaker by events 
other than those that the pacemaker was intended to 
sense (eg, electromagnetic interference, tall T waves)

Pacing threshold: The minimal electrical stimulation 
required to initiate atrial or ventricular depolariza-
tion consistently; expressed as milliamperage (mA) in 
temporary pacing systems and voltage (V) in perma-
nent pacing systems

Passive fi xation lead: A pacing lead that lodges in the 
trabeculae of the heart without actually penetrating 
the cardiac wall

Rate-responsive (rate-adaptive, rate-modulated) pac-
ing: A pacemaker that alters pacing rate in response 
to detected changes in the body’s metabolic demand

Sensing: The ability of the pacemaker to detect intrin-
sic cardiac activity and respond appropriately; how 
the pacemaker responds depends on the programmed 
mode of pacing

Sensing threshold: The minimal atrial or ventricular 
intracardiac signal amplitude required to inhibit or 
trigger a demand pacemaker

Situational vasovagal syncope: Syncope associated 
with bradycardia by vagal stimulation during cough-
ing, micturition, or severe pain

Triggered: A response to sensing in which the pacemaker 
fi res a stimulus in response to intrinsic cardiac activity

Undersensing: Failure of the pacemaker to sense the 
heart’s intrinsic activity, resulting in inappropriate 
fi ring of the pacemaker

Temporary Pacing Systems
Temporary pacing is used both emergently (eg, to 
correct life-threatening situations such as asystole, 
complete heart block, severe bradydysrhythmias, 
and cardiac arrest) and electively (eg, to evaluate 
the need for permanent pacing, after cardiac sur-
gery, or for overdrive pacing of tachydysrhythmias). 
Temporary pacing systems may be transvenous, epi-
cardial, transcutaneous, or transthoracic.

Transvenous Pacing. A transvenous pacing sys-
tem consists of an external pulse generator and a 
temporary transvenous pacing lead. The temporary 
transvenous lead system usually includes a bipo-
lar catheter. The bipolar catheter has a negative 
distal electrode and a positive proximal electrode 
that attach to the negative and positive generator 
terminals, respectively, on the pulse generator. The 
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accomplished by thoracotomy or through a subxi-
phoid incision. Epicardial pacing is often used as a 
temporary adjunct during and after open heart sur-
gery. After attaching the pacing wires to the epicar-
dium, the proximal end is brought outside through 
the chest incision and either connected to a tempo-
rary pacemaker generator or capped and then con-
nected if the need for pacing arises. The wires are 
extracted without reopening the incision, even after 
scar tissue has formed over the tips.

Transcutaneous Pacing. Transcutaneous pac-
ing involves placing large gelled electrode patches 
directly on the chest wall, anteriorly to the left of 
the sternum, and posteriorly on the patient’s back 
(Fig 8-23). It may be used as a “bridge” (temporary 
measure) until either a transvenous or permanent 
pacemaker can be placed. Indications for transcu-
taneous pacing include symptomatic bradycardia 
(unresponsive to drug therapy), new Mobitz type 
II heart block, and new third-degree (complete) 
heart block. Transcutaneous pacing may also be 
used when transvenous pacing is contradicted or 

catheter is introduced into the brachial, internal or 
external jugular, subclavian, or femoral vein. The 
subclavian and internal jugular sites promote cathe-
ter stability and allow patient mobility. The catheter 
is threaded through a sheath in the vein, and the tip 
is placed in contact with the endocardial surface of 
the right ventricular apex for stability and reliabil-
ity.5 For atrial pacing, an atrial bipolar catheter is 
placed in the right atrial appendage.

After catheter placement, the sheath is attached 
to a continuous drip (if it will be used for drawing 
blood or administering drugs). To maintain sterility, 
a sterile protective sleeve over the catheter can be 
used before insertion and then connected to the end 
of the sheath after satisfactory position is confi rmed. 
The insertion site is covered with a biopatch and a 
self-adhesive, semipermeable transparent dressing. 
Nursing care of a patient with a temporary transve-
nous pacemaker is summarized in Box 8-8.

Epicardial Pacing. In epicardial pacing, the pac-
ing electrodes are placed directly on the outer sur-
face of the heart. Placement of the electrodes can be 

B O X  8 - 8   Nursing Responsibilities in Transvenous Pacing

Assessment
During insertion:

• Vital signs, oxygen saturation, peripheral pulses
• Level of sedation/sedative agents used
• Date, time, method, and site of insertion
• Location of wire inserted (atrial, ventricular, atrial and 

ventricular)
• Measured values: capture threshold (mA) and intrinsic 

amplitude (mV)
• Patient’s tolerance of procedure
• Complications
• Continuous cardiac monitoring and 12-lead electro-

cardiogram (ECG)
• Final settings: mode, rate, output, and sensitivity

After insertion:

• Rate setting, mV setting, mA setting, mode of opera-
tion (demand, asynchronous) and atrioventricular 
(AV) interval (if appropriate)

• Pacemaker turned off or on
• Rhythm strip, capture and intrinsic (if appropriate); 

12-lead ECG
• Status of insertion site and sutures (if present)
• Completion of chest radiograph and results on chart

Every change of shift:

• Pacemaker turned off or on
• Pacemaker secured appropriately to patient
• All connections secured
• Setting for rate, mA, sensitivity, mode of operation AV 

interval (if appropriate)
• Rhythm strip (also assessed with any clinical change 

or intervention)
• Sensing and capture thresholds (compare to baseline)

• Presence/absence of hiccupping or muscle 
twitching

• Status of insertion site and sutures (if present)
• Signs of infection
• Pulse perfusion distal to insertion site (if 

appropriate)
• Connective ends of pacer wires covered (as 

appropriate)

Interventions
• Continuous cardiac monitoring
• Verify replacement 9-V battery available.
• Verify connections are intact.
• Label epicardial pacer wires atrial or ventricular.
• Clean and dress pacer wire insertion site(s) daily 

with gauze dressing or transparent dressing per 
 institutional protocol. Label time and date of dressing 
change and initial.

• Observe electrical safety precautions.
 � Keep electrical equipment in the room to a mini-
mum and ensure that it is properly grounded.

 � Avoid simultaneous contact with the patient and any 
electrical equipment.

 � Cover connective ends of pacer wires to prevent 
microshock hazard.

 � Wear rubber or latex gloves when handling the 
 connective ends of pacer wires.

Documentation
• Assessments
• Instructions to patient/family
• Pacing wire insertion site care
• Pacing and sensing thresholds (print ECG strips)
• Pacing problems or complications, nursing 

 interventions, and results of interventions
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the heart’s intrinsic rhythm. In either case, the nurse 
must recognize the problem and reposition either 
the patient or the electrodes to ensure effi cacious 
transcutaneous pacing.

Transthoracic Pacing. Transthoracic pacing, 
which involves placing a pacing needle in the ante-
rior wall of the heart, is used only as a last resort 
in emergency situations. It has limited success rates 
and a high potential for complications.

Functioning of Pacing Systems
The sensing function is the ability of the pacemaker 
to detect the heart’s intrinsic activity. The  sensing 
amplitude is the largest intrinsic signal that is 
consistently detected by the pacemaker electrode 
(eg, the R wave is usually the largest signal sensed 
by the ventricular lead). The smallest number on 
the sensor control represents the most sensitive set-
ting in millivolts (mV), and it indicates the smallest 
 signal the pacemaker will sense.

When the intrinsic heart rate is adequate, the pace-
maker responds by inhibiting a pacing stimulus. When 
the intrinsic heart rate drops below the programmed 
minimum rate, the pacemaker delivers an electrical 
stimulus that depolarizes the cardiac chamber con-
taining the pacemaker lead. The minimal amount of 
voltage required from the pacemaker to initiate con-
sistent capture is known as the pacing threshold and 
is measured in milliamps (mA). Many factors affect 
the pacing threshold, including hypoxia, hyperkale-
mia, antidysrhythmic drugs, catecholamines, digoxin 
toxicity, and corticosteroids. The pacing threshold is 
determined by establishing successful pacing at higher 
energy and then gradually decreasing the energy out-
put of the generator until capture ceases. The gen-
erator output is then set at two or three times the 
threshold level to allow for an adequate safety margin.

A coding system, called the NBG pacemaker 
code, has been formed to identify the various modes 
of pacemaker operation (Box 8-10). Knowledge of 
the three- and fi ve-letter pacemaker code helps the 
nurse determine the type of implanted device, the 
intended mode of operation, and the actual mode of 
operation.

Nursing Care of the Patient Undergoing Cardiac 
Pacing
Preprocedure
Prior to permanent pacemaker implantation, the 
nurse assesses the patient’s medical and social history. 
Information gleaned from the medical and social his-
tory can infl uence decisions such as which approach 
to use during the procedure, and which side is favored 
for implantation. For example, a subclavian approach 
may be avoided in a person with a history of a collapsed 
lung or previous lobectomy, and the right pectoral 
region may be avoided for pacemaker implantation in 
a right-handed tennis player. Psychosocial assessment 
is also important. Patients’ psychosocial responses to 
the need for cardiac pacing may differ. Some may be 
relieved to have a device that supports the functioning 

– +

F I G U R E  8 - 2 3  Positioning of pads for transcutaneous pacing.

B O X  8 - 9   Nursing Responsibilities in 
Transcutaneous Pacing

1. Explain procedure to patient.
2. Clip excess hair from chest (do not shave skin); 

ensure skin is dry.
3. Apply anterior electrode to chest at the fourth inter-

costal space to the left of the sternum.
4. Apply posterior electrode to patient’s back in the 

area of the left scapula.
5. Connect pacing electrodes to transcutaneous 

pacemaker.
6. Set pacemaker mode, heart rate, and output.
7. Turn unit on.
8. Assess for effectiveness of pacing:

• Observe for pacemaker spike with subsequent 
capture.

• Assess heart rate and rhythm.
• Assess blood pressure. (Measure blood pressure 

in the right arm to avoid interference from the 
pacemaker.)

• Check level of consciousness.
• Observe for patient anxiety/pain and treat 

accordingly.

not immediately available. The transcutaneous 
pacemaker is used in a “demand mode” for brady-
cardia and asystole; it paces the heart only when 
needed. This mode is safer because the chance 
of fi ring on the T wave (R-on-T phenomenon) is 
greatly reduced.

The procedure for initiating transcutaneous pac-
ing and monitoring considerations are summarized 
in Box 8-9. Because transcutaneous pacing can cause 
signifi cant discomfort, the patient should be made 
aware of this and adequately sedated. Following ini-
tiation of therapy, diligent monitoring is required. 
A loss of capture can occur if the electrodes fail to 
maintain good contact with the skin. Inappropriate 
pacing may result if the pacemaker cannot detect 
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B O X  8 - 1 0   Using the NBG Pacemaker Code

• The fi rst position describes the chamber or chambers 
paced.

• The second position describes the chamber or cham-
bers sensed.

• The third position describes the pacemaker’s 
response to sensed intrinsic cardiac activity.

The letter “I” means that the pacemaker is  inhibited 
from fi ring in response to a sensed intrinsic event.

The letter “T” indicates that the pacemaker trig-
gers pacing stimuli in response to a sensed intrinsic 
beat.

The letter “D” designates a dual response (inhib-
ited pacing output and triggered pacing after sensed 
event).

The letter “O” designates a mode in which the 
pacemaker does not respond to sensed intrinsic 
activity (asynchronous pacing).

• The fourth position describes the presence or absence 
of rate modulation (variation of the pacing rate in 
response to a physiological variable).

The letter “O” denotes no rate modulation.
The letter “R” means that the rate modulation 

feature is active. When the rate modulation fea-
ture is active, the pacer detects the physiological 
response in response to patient activity (eg, muscle 
vibration, increased respiratory rate) and increases 
the pacing rate to meet increased metabolic 
demands. The rate modulation  feature is not used in 
temporary pacing.

•  The fi fth position describes whether multisite pacing 
is present.

The absence of a fourth- or fifth-letter designa-
tion signifies no rate modulation and no multisite 
pacing.

I: Chamber(s) 
Paced

II: Chamber(s) 
Sensed

III: Response to 
Sensing

IV: Rate 
Modulation

V: Multisite 
Pacing

O = none O = none O = none O = none O = none
A = atrium A = atrium T = triggered R = rate modulation A = atrium
V = ventricle V = ventricle I = inhibited V = ventricle
D = dual (A +V) D = dual (A + V) D = dual (T + I) D = dual (A + V)

Adapted from North American Society of Pacing and Electrophysiology/British Pacing and 
Electrophysiology Group: The revised NASPE/BPEG generic code for antibradycardia, adaptive-rate, 
and multisite pacing. Pacing Clin Electrophysiol 25(2):260–264, 2002.

of their heart, whereas others may be anxious about 
the technology and express fears of dying.

Patient and family teaching about cardiac pac-
ing begins at the time the decision for pacemaker 
insertion is made. After assessing the patient’s base-
line knowledge about pacemakers and clarifying 
any misperceptions, the nurse explains the need for 
pacing, how the pacing system works, the insertion 
procedure, and the immediate postprocedure care 
that can be expected. Patient teaching continues 
during the postprocedure period, when the nurse 
provides the patient with product specifi cations for 
all components of the system (eg, manufacturer, 
model number, serial number), explains signs and 
symptoms of pacemaker malfunction and how to 
report them, explains the importance of keeping 
follow-up appointments, and explains the gen-
eral time line and procedure for pulse generator 
replacement.

Postprocedure
Assessment helps the nurse determine the patient’s 
physiologic response to cardiac pacing. Important 
parameters to assess include pulse rate; underlying 
cardiac rhythm; blood pressure; activity tolerance; 
signs and symptoms such as dizziness, syncope, 
dyspnea, palpitations, or edema; and the results of 

chest radiographs, blood tests, and other relevant 
laboratory tests. In addition, the nurse monitors for 
potential complications (Table 8-10).

Electrocardiogram Monitoring. Careful moni-
toring of the ECG of the patient with a cardiac pace-
maker is an essential component of comprehensive 
patient assessment.

The fi rst step in ECG analysis involves examin-
ing the strip for evidence of pacemaker stimulation. 
When the pacemaker discharges, an artifact called 
a pacing spike appears on the ECG. If the pacing 
lead is in the atria, a pacing spike is followed by a P 
wave. If the pacing wire is in the ventricle, the spike 
is followed by a wide QRS complex (Fig. 8-24, p. 87). 
Failure of the pacing stimulus to capture the ven-
tricles or atria is noted by the absence of the QRS 
or P wave immediately after the pacing spike on the 
ECG (Fig. 8-25, p. 88).

The sensing function of the pacemaker is 
evaluated next. If the pacemaker does not sense 
intrinsic cardiac activity (undersensing), inappro-
priate pacemaker spikes may appear throughout 
the underlying rhythm (Fig. 8-26A, p. 88). An over-
sensing problem can be detected when the pace-
maker senses events other than the intrinsic rhythm 
and is inappropriately inhibited in that chamber or 
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TA B L E  8 - 1 0 Pacemaker Complications

Complication Presentation Confi rmation

Pneumothorax Pleuritic pain; hypotension; respiratory distress or 
hypoxia

Chest radiograph

Ventricular irritability Premature ventricular complexes (PVCs) appear 
similar in confi guration to the pacemaker 
complexes

12-lead electrocardiogram 
(ECG) or cardiac monitoring

Perforation of ventricular wall or 
septum

Change in precordial lead waveform morphology 
or negative QRS complex in lead V1

12-lead ECG or cardiac 
monitoring

Pericardial tamponade (decrease in blood 
pressure, increase in heart rate)

Two-dimensional 
echocardiogram

Catheter or lead dislodgement Failure to capture 12-lead ECG, chest radiograph
Infection and phlebitis or 

hematoma formation
Swelling, infl ammation, drainage, hematoma Inspection and cultures

Abdominal twitching or hiccups Twitching, hiccups, discomfort; when associated 
with perforation, a drop in blood pressure

Observation

Pocket erosion Swelling, infl ammation, drainage Inspection, culture

B

C

A

F I G U R E  8 - 2 4  Pacing artifacts (spikes) on the electrocardiogram (ECG). A: With an atrial pacemaker, each 
pacing spike is followed by a P wave. B: With a ventricular pacemaker, each pacing spike is followed by a 
wide QRS complex. C: With a dual-chamber pacemaker, the fi rst pacing spike is followed by a P wave and 
the second pacing spike is followed by a QRS complex. All strips show 1:1 capture.
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F I G U R E  8 - 2 5  Failure to capture. The pacing spike is not followed by a QRS complex.

A

B
F I G U R E  8 - 2 6  Undersensing and oversensing. A: Failure of the ventricular demand pacemaker to detect the 
intrinsic rhythm (undersensing) is shown by pacemaker spikes at inappropriate intervals after spontaneous 
QRS complexes. B: Failure of the pacemaker to discharge (oversensing) causing pacing inhibition (noted in 
the fi rst half of the strip).

causes a triggered response in the other chamber 
(see Fig. 8-26B).

The third step in evaluating the ECG is to mea-
sure various intervals (Fig. 8-27). The duration of 
each interval is compared with the programmed set-
ting for that interval.

• The pacing interval (ie, the amount of time between 
two consecutive pacing spikes in the chamber 
being paced) is used to determine the pacing rate.

• The AV interval is analogous to the PR inter-
val on the ECG. The AV interval is measured 
from the beginning of an intrinsic P wave or an 
atrial pacing spike to the beginning of the intrin-
sic QRS complex or the ventricular pacing spike 
(see Fig. 8-27).

• The ventriculoatrial (VA) interval, also called the 
atrial escape interval, is the amount of time from a 
ventricular paced or sensed event to the next atrial 
paced stimulus (see Fig. 8-27).

Troubleshooting Pacing Systems. Malfunction 
of a pacemaker can be a result of inappropriate 
programming (pseudomalfunction) or a true com-
ponent malfunction. A malfunction of the pace-
maker is addressed systematically. Immediate 
action is required to restore pacemaker function 

when the patient has no underlying rhythm. The 
following steps are taken:

1. Increase pulse generator output (in mA) to the 
highest setting, asynchronous mode (VOO, 
DOO). Asynchronous mode allows assessment for 
appropriate fi ring and capture when the patient’s 
rhythm is overridden by the fi xed pacing pulse.

2. Check the patient’s hemodynamics and simulta-
neous multiple ECG lead recordings and inter-
vene if appropriate with transcutaneous pacing 
or atropine sulfate.

3. Check all connections.
4. Replace the pulse generator or battery; be pre-

pared to provide transcutaneous pacing backup 
during the change.

5. When the patient is stable, proceed with trouble-
shooting (Table 8-11).

Implantable Cardioverter–Defi brillators
An ICD monitors the patient’s rhythm continu-
ously, diagnoses rhythm changes, and treats life-
threatening ventricular dysrhythmias. Similar to a 
pacemaker, the ICD consists of a lead system and 
a pulse generator. Ideally, the ICD generator is 
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AP = atrial pacing spike
VP = ventricular pacing spike

AP AP

Pacing rate

V-A
interval

A-V
interval

VP VP

F I G U R E  8 - 2 7  The intervals measured on an electrocardiogram 
(ECG) strip for a patient with a pacemaker.

implanted in the left pectoral area so that the heart 
is central to the vector of the defi brillation current 
(Fig. 8-28).

ICDs have been categorized into “generations,” 
based on their functionality.

• The fi rst-generation ICDs were nonprogram-
mable devices that used a factory-specifi ed rate 
criterion.

• The second-generation ICDs have programmable 
features, including bradycardia and antitachycar-
dia pacing and synchronized cardioversion. These 
features allow the use of tiered therapy (ie, differ-
ent levels of therapy to treat a dysrhythmia). The 
fi rst tier of therapy is usually antitachycardia pac-
ing, which involves the carefully timed delivery 
of pacing stimuli. If antitachycardia pacing is not 
successful, the second tier of therapy (low-energy 
synchronized cardioversion) is initiated. Some 
devices allow multiple attempts at cardioversion. 
If cardioversion is not successful, the third tier of 
therapy, defi brillation, is used. The number of defi -
brillation attempts varies with different devices, 
but six attempts is usually the maximum. If the 
patient is successfully converted to a life-com-
patible rhythm, but the rate is slow, ventricular 
demand pacing is initiated. Bradycardia pacing is 
usually intended for brief periods of pacing until 
normal rhythm resumes.

TA B L E  8 - 1 1 Troubleshooting a Temporary Pacemaker

Problem Cause Intervention

Failure to pace: No evidence of 
pacing stimulus, patient’s heart 
rate below programmed rate

Battery depletion or pulse generator 
failure, output or timing circuit failure

Loose cable connection

Replace battery or generator.
Check all connections for tightness.

Failure to capture: Pacing 
stimulus not followed by 
electrocardiogram (ECG) 
evidence of depolarization

Lead dislodgment

Broken connector pins or fractured 
extension connecting cable

Incompatibility of wire pins with cable 
or to generator

Output setting (mA) too low
Perforation

Lead fracture without insulation break

Increase in pacing threshold from 
medication or metabolic changes

Review chest fi lm, turn patient to left 
lateral decubitus position until lead can 
be replaced.

Connect wire directly to generator to 
diagnose cable problem, replace 
connecting cable.

Ascertain a secure fi t of the exposed pin 
to the cable or the generator, adjust 
connection or replace pulse generator.

Check capture thresholds and adjust 
output to a two- to threefold safety 
margin.

Review 12-lead ECG, report signs of 
perforation, stabilize hemodynamics.

Check intracavitary ECG; if evidence of 
fracture in one pole, unipolarize lead; if 
total fracture, replace lead.

Check laboratory test results, correct 
metabolic alterations, review 
medications and vital signs, increase 
output.

Oversensing: Device detects 
noncardiac electrical events 
and interprets them as 
depolarization

Oversensitive setting

Device detecting tall T waves and 
interpreting them as R waves

Reduce sensitivity (value [in millivolts] 
should be larger to make pacer less 
sensitive); if patient is pacer dependent 
(no intrinsic R wave), program to 
asynchronous mode until problem is 
corrected.

Increase ventricular refractory period 
beyond T wave.
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TA B L E  8 - 1 1 Troubleshooting a Temporary Pacemaker (continued)

Problem Cause Intervention

In dual-chamber pacing, cross talk 
is a form of oversensing: The 
device detects signals from 
the other chamber and inhibits; 
in atrial channel, R waves are 
detected as P waves.

Atrial lead dislodgment Recheck atrial capture thresholds; if high, 
dislodgment is probable.

In ventricular channel, atrial 
pacing stimulus afterpotential 
is detected as an R wave, 
with V pacing inappropriately 
inhibited

High output from atrial channel Reduce output from atrial channel, 
decrease ventricular channel sensitivity 
(higher millivolt value).

Electrical interference, improperly 
grounded electrical devices

Remove nongrounded equipment.

Undersensing: Device fails to 
detect intrinsic cardiac activity 
and fi res inappropriately

Asynchronous mode setting (VOO, 
DOO, AOO)

Reprogram to synchronous mode (VVI, 
DDD, AAI).

Small intrinsic amplitude Increase sensitivity (turn sensitivity dial 
toward lower millivolt value).

Lead dislodgment Recheck capture thresholds; if high, 
lead probably dislodged and needs 
repositioning.

Lead insulation break Check lead with pacing system analyzer, if 
impedance too low (<200 Ω), insulation 
break is likely, and lead needs to be 
replaced or can be temporarily placed 
in unipolar confi guration.

F I G U R E  8 - 2 8  Positioning of the implantable cardioverter–defi brilla-
tor (ICD).

• Third-generation devices have many programma-
ble features that allow the physician to tailor the 
device to the patient’s needs and that provide mem-
ory and event retrieval capabilities. Bradycardia 
pacing therapies with biventricular pacing are 

common features of current ICDs. To improve 
discrimination of tachydysrhythmias, the device 
allows programming of discrimination algorithms, 
which withhold therapy for ventricular tachycar-
dia when PSVT is confi rmed. The availability of an 
atrial sensing lead allows for a more specifi c PSVT 
discrimination algorithm. Some devices also have 
separate tiers of therapy for atrial tachycardia and 
atrial fi brillation or fl utter. All third-generation 
ICDs are “noncommitted” (ie, therapy is aborted 
if the tachycardia terminates even while the ICD 
is charging).

As with cardiac pacemakers, a coding system, known 
as the NBD defi brillator code, has been developed to 
describe modes of ICD function. The fi rst position of 
the code indicates the shock chamber—none, atrium, 
ventricle, or dual (O, A, V, or D). The second position 
indicates the chamber in which antitachycardia pac-
ing is delivered—also coded O, A, V, or D. Position 
three indicates the means by which tachydysrhythmia 
is detected, either with the intracardiac electrogram 
(E) or by hemodynamic means (H). Most current 
ICDs detect dysrhythmias through intracardiac elec-
trograms. The fourth position of the code is the three- 
or fi ve-letter code for the pacemaker capability of 
the device. For example, a ventricular defi brillator 
that detects tachydysrhythmias using intracardiac 
electrograms and with adaptive rate ventricular 
 antibradycardia pacing would be labeled VOE-VVIR.
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C A S E  S T U D Y

Mr. M. is a 64-year-old man admitted to the 
critical care unit for unstable angina and to rule out 
non-ST-segment elevation myocardial infarction 
(NSTEMI). He is placed on a continuous cardiac 
monitor using a fi ve-lead placement. The monitor is 
set to read leads II and MCL1 and display the ECG 
waveform continuously. A 12-lead ECG is obtained 
to assess for signs of ischemia, injury, or infarction.

Mr. M is noted initially to be in a sinus tachycardia 
(rate of 110 beats/min). Two hours later, the high rate 
alarms sound on the cardiac monitor and he is found 
to have an irregular rhythm with indiscernible P 
waves. On further assessment, he is noted to have 
the following vital signs: BP, 97/64 mm Hg; HR, 140 
beats/min; RR, 32 breaths/min, as well as increasing 
chest pain and shortness of breath. The physician 
decides to perform synchronized cardioversion. The 
nurse prepares Mr. M. for the procedure and seda-
tion is administered. The rhythm is converted with 50 
J into a sinus tachycardia with a rate of 106 beats/
min. On assessment, Mr. M.’s blood pressure is 
increased to 138/74 mm Hg. An antidysrhythmic is 
ordered and cardiac monitoring is continued.

1. What are the advantages of monitoring in leads I 
and MCL1?

2. What rhythm did Mr. M. develop?

3. What are the immediate nursing priorities for a 
patient who develops a rhythm change?

4. Why was synchronized cardioversion used for 
Mr. M.?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R
Hemodynamic Monitoring

9

Hemodynamic monitoring provides information 
at the bedside about intracardiac and intravascular 
pressures and cardiac output. It is used in the critical 
care setting to assess cardiac function and evaluate 
the effectiveness of therapy. Because a primary goal 
of management of critically ill patients is to ensure 
adequate oxygenation of tissues and organs, hemo-
dynamic monitoring is indicated for patients with 

conditions that are characterized by insuffi cient 
cardiac output due to alterations in intravascular 
volume (preload), alterations in vascular resistance 
(afterload), or alterations in myocardial contractility 
(Box 9-1). Although invasive hemodynamic monitor-
ing technology is used most frequently in the criti-
cal care setting, minimally invasive and noninvasive 
hemodynamic monitoring technologies also exist.

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

 1 Describe the type of information provided by, and common indications for, 
hemodynamic monitoring.

 2 State the basic components of a pressure monitoring system and describe 
nursing interventions that ensure accuracy of pressure readings and 
waveforms.

 3 Describe nursing interventions associated with arterial pressure monitoring.
 4 Interpret data obtained through arterial pressure monitoring.
 5 Describe nursing interventions associated with central venous pressure 

monitoring.
 6 Interpret data obtained through central venous pressure monitoring.
 7 Describe nursing interventions associated with pulmonary artery pressure 

monitoring.
 8 Interpret data obtained through pulmonary artery pressure monitoring.
 9 Describe methods commonly used in the critical care setting to determine 

cardiac output.
 10 List factors that affect oxygen demand and oxygen delivery, and describe 

methods used to evaluate the balance of oxygen supply, oxygen 
consumption, and oxygen demand.
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damping coeffi cient is a measure of how quickly the 
 oscillations diminish (dampen) and eventually cease. 
The dynamic response of the system determines the 
natural frequency and the damping coeffi cient of the 
system. Factors that can affect the dynamic response 
of the system include the system’s natural frequency, 
the quality of the pressure tubing, the number of stop-
cocks, and the presence of blood sampling systems.

The test done to evaluate dynamic response is 
commonly known as the “square-wave test.”1 To per-
form the square-wave test, the fl ush device is acti-
vated and rapidly released. The nurse observes the 
bedside monitor for the waveform to rise sharply 
and “square off” at the top of the scale. After the fl ush 
device is released, the nurse observes the waveform 
as it returns to baseline, counts the number of oscil-
lations, and observes the distance between them. In 
an ideal (optimally damped) system, the square wave 
has a straight vertical upstroke from the baseline, a 

Overview of the Pressure Monitoring 
System
System Components
A pressure monitoring system (Fig. 9-1) transmits 
pressures from the intravascular space or cardiac 
chambers through a catheter and fl uid-fi lled non-
compliant pressure tubing to a pressure transducer. 
The transducer converts the physiological signal 
from the patient into an electrical signal, which the 
monitor converts to a pressure tracing and digital 
value. The monitor is able to display several pres-
sure tracings and digital values simultaneously. 
Controls on the monitor also allow the user to label 
waveform locations, set or adjust alarms and tracing 
scale size, and zero the system.

A patent pressure system is maintained by using 
a continuous fl ush solution, typically normal saline 
or dextrose and water (D5W). The fl ush solution may 
also be heparinized. The bag of solution is placed 
in a continuous pressure infusion device to exert 
approximately 300 mm Hg of pressure. A continu-
ous fl ow of approximately 3 to 5 mL/h prevents 
backfl ow of blood through the catheter and tubing, 
thereby maintaining system patency and ensuring 
accurate transmission of pressures. The system can 
be fl ushed manually by activating the fl ush device.

Ensuring Accuracy
For optimal use of pressure monitoring systems, it is 
essential to ensure accurate pressure recordings and 
waveform display. Techniques used to ensure accu-
racy include the square-wave test (dynamic response 
testing) and leveling and zeroing the system.

Square-Wave Test (Dynamic Response Testing)
The square-wave test is used to determine the sys-
tem’s ability to accurately measure pressures. Each 
beat of the heart generates a pressure waveform, 
which is propagated at a certain frequency (ie, 
beats per minute) through the systemic circulation. 
Vascular resistance diminishes (dampens) the wave-
form’s magnitude over time. In a pressure monitor-
ing system, the natural frequency indicates how fast 
the pressure monitoring system oscillates in response 
to a signal (eg, the arterial pressure pulse). The 

B O X  9 - 1   Common Indications for 
Hemodynamic Monitoring

• Cardiogenic shock
• Severe heart failure
• Sepsis or septic shock
• Multiple organ system dysfunction (MODS)
• Acute respiratory distress syndrome (ARDS)
• Cardiac surgery

Stopcock

Noncompliant
tubing

Transducer

Pressure infuser

Cable to
monitor

Saline

Pressure gauge

Catheter

F I G U R E  9 - 1  Pressure monitoring system. An indwelling catheter 
is attached by noncompliant pressure tubing to a transducer. The 
transducer is connected to a monitor that displays a waveform and 
systolic, diastolic, and mean pressure values. The system is com-
posed of a solution under pressure to maintain system patency, 
a fl ush device and stopcocks are used for drawing arterial blood 
samples and zeroing the system.
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(typically, the stopcock nearest the transducer) with 
the phlebostatic axis. If the air–fl uid interface is 
raised above the phlebostatic axis, the values dis-
played will be erroneously low, and if the interface 
is lowered below the phlebostatic axis, the values 
displayed will be erroneously high.

Pressure measurements are taken with the patient 
in the supine position. The head of the bed may be 
elevated as much as 60 degrees, provided that the 
air–fl uid interface is releveled after any changes in 
the patient’s position (see Fig. 9-3B). The elevation 
of the head of the bed should be noted to maintain 
consistency among measurements.

RED FLAG! Consistency in leveling and 
measurement techniques is important because 
small variations in the zero reference point can 
elicit large and erroneous changes in the pressures 
observed.

Troubleshooting
Technical or mechanical factors can produce errone-
ously high or low pressures and altered waveforms. 
Any impedance between the patient and transducer 
(eg, air bubbles, blood, additional stopcocks) can 
alter the signal and consequently, the pressures and 
waveforms. Less than 300 mmHg in the continuous 

straight horizontal component, and a straight verti-
cal downstroke with approximately 1.5 to 2 sharp 
oscillations before returning to baseline. The dis-
tance between the oscillations is also short. Figure 
9-2 depicts the results of dynamic response testing 
for an optimally damped system, an overdamped sys-
tem, and an underdamped system. Overdamped sys-
tems, which may be caused by system leaks, blood 
clots, excessively long tubing, or large air bubbles in 
the tubing or transducer, produce erroneously low 
systolic pressures. Underdamped systems, which 
may be caused by small air bubbles in the system 
or very rigid pressure tubing, produce erroneously 
high systolic pressures and erroneously low diastolic 
pressures.

Leveling and Zeroing
To ensure accurate pressure monitoring, the trans-
ducer is leveled to an external landmark known as 
the phlebostatic axis (zero reference point), and 
then zeroed to atmospheric pressure. The phlebo-
static axis is the fourth intercostal space, midaxil-
lary level (Fig. 9-3A). Once the phlebostatic axis is 
established, the patient’s chest wall can be marked 
to ensure consistent leveling when obtaining subse-
quent pressure readings. With the patient placed in 
the supine position, a carpenter-type level or laser-
light level is used to align the air–fl uid interface 

A. Optimally damped B. Overdamped C. Underdamped

F I G U R E  9 - 2  Dynamic response (square-wave) testing. A: Optimally damped system. Activation of the fl ush 
device generates a sharp vertical upstroke, horizontal line, and straight vertical downstroke ending with 1.5 
to 2 oscillations close together before returning to baseline. B: Overdamped system. Activation of the fl ush 
device generates a slurred upstroke and downstroke with less than 1.5 oscillations above or below the base-
line. C: Underdamped system. Activation of the fl ush device generates more than 2 to 3 oscillations above 
and below the baseline. (Courtesy of Edwards Lifesciences LLC.)

0°1

2

30°

Phlebostatic axis

60°

BA

F I G U R E  9 - 3  A: The phlebostatic axis is the intersection of the midaxillary line drawn between the anterior 
and posterior surfaces of the chest (1) and the line drawn through the fourth intercostal space at the sternum 
(2). B: The position of the phlebostatic axis changes when the head of the bed is raised; therefore, the air–
fl uid interface must be releveled if the patient’s position changes.
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Data Interpretation
The normal arterial pressure waveform (Fig. 9-5, 
p. 97) consists of a rapid upstroke (produced by the 
rapid ejection of blood from the left ventricle into 
the aorta), a clear dicrotic notch (which signals clo-
sure of the aortic valve and the beginning of dias-
tole), and a defi nite end point (which refl ects the end 
of diastole). Loss of the dicrotic notch is a sign of 
overdamping.

The value measured at the peak of the waveform is 
the systolic pressure, and the value measured at the 
lowest point of the waveform is the diastolic pressure. 
The difference between the systolic and diastolic pres-
sure is the pulse pressure. The pulse pressure closely 
refl ects the stroke volume from the ventricle. Bedside 
monitors do not automatically display the pulse pres-
sure but can be easily calculated and is a value useful 
in assessing the patient’s volume status.

Mean arterial pressure (MAP) is used to evaluate 
perfusion of vital body organs. Normal MAP is 70 
to 105 mm Hg. The formula used to calculate MAP 
takes into account the fact that diastole is approxi-
mately two times longer than systole during a car-
diac cycle:

Systolic pressure + (Diastolic pressure × 2)

3

Most bedside monitors automatically calculate and 
continuously display the MAP. Algorithms to deter-
mine MAP may vary depending on the manufacturer 
of the equipment.

Blood pressures obtained by an intra-arterial 
catheter using an optimally damped pressure 
monitoring system are the most accurate. In nor-
motensive patients, blood pressure measurements 
obtained through arterial pressure monitoring are 
very similar to those obtained with a cuff (the intra-
arterial systolic pressure is 5 to 10 mm Hg higher). 
However, comparisons between intra-arterial and 
cuff pressures may be misleading because the meth-
ods of measurement refl ect different physiologic 
events and therefore are not truly comparable. A 
trend value obtained using one method of measur-
ing blood pressure consistently is often more help-
ful than comparing values obtained using different 
methods. Documenting the site of pressure mea-
surements and what method was used to obtain 
them is important.

Complications
Accidental Blood Loss
Accidental blood loss from an arterial catheter 
can be catastrophic. Prevention of accidental dis-
lodgement and easy access to the insertion site 
and connections is imperative. To reduce the risk 
for accidental blood loss, a Luer-Lok–type con-
nector is used for all connections in the system. 
The extremity in which the catheter is placed 
may be immobilized (eg, by placing the wrist on 

pressure device, compliant tubing, or excessive 
lengths of tubing may also distort the signal to the 
transducer. The nurse periodically checks the sys-
tem to ensure patency of the catheter and tubing, 
suffi cient pressure in the pressure bag, and proper 
positioning of the stopcocks, and to ensure that the 
alarms are set and functioning properly. Table 9-1 
describes causes of technical problems that can 
affect pressure monitoring systems and trouble-
shooting techniques to address them.

Arterial Pressure Monitoring
Arterial pressure monitoring allows continuous mon-
itoring of the systemic arterial blood pressure and 
provides vascular access for obtaining blood samples. 
Vasoactive IV infusions; cardiovascular instability; 
fl uctuating, unstable blood pressures; and frequent 
blood draws are indications for arterial pressure 
monitoring. In addition, when therapeutic decisions 
depend on obtaining accurate blood pressure values, 
arterial pressure monitoring is the gold standard.

Equipment and Setup
When selecting the artery for cannulation

• The artery should be large enough to accommo-
date the catheter without occluding or signifi -
cantly impeding fl ow.

• The site should be easily accessible and free from 
contamination by body secretions.

• There should be adequate collateral blood fl ow 
in the event that the cannulated artery becomes 
occluded.

The radial artery, which usually meets all of these 
criteria, is the most frequently used site for arte-
rial catheter placement. It is superfi cially located 
and therefore easy to palpate. Cannulation of this 
artery also poses the least limitation on the patient’s 
mobility. Before a catheter is inserted into the radial 
artery, the presence of adequate collateral circula-
tion to the hand via the ulnar artery is assessed by 
ultrasound or by performing Allen’s test (Fig. 9-4, 
p. 97). Alternative sites for arterial catheter place-
ment include the femoral and brachial arteries.

After the catheter is inserted, the nurse ensures 
that the arterial blood pressure alarms on the moni-
tor are properly set and activated. The alarms must 
be visible and audible to the caregiver. Alarms are 
set either around specifi c parameters for the patient, 
or according to facility protocol. Typically, high and 
low alarms are set for systolic, diastolic, and mean 
pressures and for pressures within 10 to 20 mm Hg 
of the patient’s blood pressure.

RED FLAG! Although the arterial monitoring 
system provides vascular access for obtaining 
blood samples, no IV solution or medication should 
be administered through the arterial pressure 
monitoring system at any time.
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TA B L E  9 - 1 Troubleshooting Pressure Monitoring Systems

Problem Cause Prevention Intervention

No waveform Transducer not open to catheter
Settings on bedside monitor 

incorrect or off
Catheter clotted

Faulty cable

Faulty transducer

…
…

Maintain continuous fl ush.

…

…

Check and correct stopcock position.
Check scale setting and monitor 

setup.
Aspirate blood clot.
Do not irrigate with syringe.
Check function with cable checking 

device; change cables if 
necessary.

Change transducer if necessary.
Overdamped 

waveforms
Improper scale selection
Air bubbles in tubing and near 

transducer

Blood clot partially occluding 
catheter tip

Forward migration of catheter

Catheter tip occluded by balloon 
or vessel wall

Leak in pressure system

Pressure bag not infl ated at 
300 mm Hg

…
Flush system by gravity.
On initial setup, expel all air from 

fl ush solution bag.
Use heparinized solution 

according to facility protocol.

Tighten all connections and 
stopcock on set up.

…

Change to proper scale.
Flush air from system.

Aspirate clots with syringe.
Use heparinized solution according 

to facility protocol.
Reposition patient.

Reposition catheter by pulling back 
on it while observing waveforms.

Tighten all connections and 
stopcocks.

Change faulty system components if 
necessary.

Reinfl ate bag or apply pressure to 
device to 300 mm Hg.

Change device if faulty.
Underdamped 

waveforms
Excessive movement of 

catheter

Air bubbles in tubing

Ensure correct catheter 
placement.

Use appropriate catheter size for 
vessel.

Eliminate excessive length of 
pressure tubing.

Try different catheter tip position.
Eliminate excessive stopcocks.

Eliminate excessive tubing.

False low 
readings

Leveling or zero reference 
(transducer) is too high

Improper zeroing
Overdamped waveforms

Check level periodically.
Check monitor settings.
Observe waveforms.
…
Perform square waveform test

Relevel transducer air–fl uid interface 
to phlebostatic axis.

Rezero monitor.
Optimize length of pressure tubing.

False high 
readings

Leveling or zero reference 
(transducer) is too low

Improper zeroing
Overdamped waveforms

Check level periodically.
Check monitor settings.
Observe waveforms.
…
Perform square waveform test

Relevel transducer air–fl uid interface 
to phlebostatic axis.

Rezero monitor.
Remove excessive length of 

pressure tubing.
Inappropriate 

pressure 
waveform

Incorrect catheter position
Migration of pulmonary 

artery catheter (PAC) into 
mechanical wedge position

Establish optimal position 
carefully during the insertion 
process.

Use proper balloon infl ation 
volume (1.25–1.5 mL air) for 
obtaining a pulmonary artery 
occlusion pressure (PAOP) 
tracing.

Reposition patient.
Obtain chest x-ray.
Reposition catheter.a

Observe waveforms and confi rm with 
initial insertion tracings.

If right ventricular tracing is observed 
from PAC distal tip, slowly infl ate 
balloon to allow PAC to “fl oat” into 
pulmonary artery.

If PAOP tracing is observed with 
balloon defl ated, withdraw 
catheter slightly while observing 
waveforms. Stop withdrawing 
as soon as a pulmonary artery 
tracing is observed.

Bleed back into 
pressure 
tubing or 
transducer

Loose connections
Stopcocks not returned to 

proper position
Pressure bag not at 300 mm Hg

…
…

…

Tighten connections.
Ensure stopcocks are in correct 

position.
Check pressure device.

aA physician or advanced practice nurse is usually responsible for repositioning a PAC.
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Impaired Circulation
Circulation to the extremity in which the arterial line 
is placed must be monitored frequently. The nurse 
assesses the color, sensation, temperature, and move-
ment of the extremity after insertion of the arterial 
catheter and per facility policy. Any sign or symp-
tom of impaired circulation may be an indication for 
catheter removal and must be reported immediately.

Central Venous Pressure Monitoring
Central venous pressure (CVP) is typically measured 
in the superior vena cava near the right atrium via 
a PICC line or a central line catheter placed in the 
jugular or subclavian vein. The CVP refl ects the 
pressure of blood in the right atrium and provides 
information about intravascular blood volume, 
right ventricular end-diastolic pressure (RVEDP), 
and right ventricular volume. To a limited degree, in 
people with normal pulmonary vasculature and left 
ventricular function, the CVP also indirectly refl ects 
left ventricular end-diastolic pressure (LVEDP) and 
function, because the left and right sides of the heart 
are linked by the pulmonary vascular bed.

Data Interpretation
Normal CVP is 2 to 8 mmHg. Abnormally high or 
low CVP measurements are usually associated with 
alterations in intravascular volume status or ventric-
ular function (Box 9-2). A CVP value alone is mean-
ingless, but when used in conjunction with other 
clinical data (eg, breath sounds, heart and respira-
tory rate, neck vein distention, urine output, electro-
cardiographic data), it is a valuable aid in managing 
and predicting the patient’s clinical course.

an arm board). If a wrist restraint is used, opti-
mally, it should not be placed over the insertion 
site. Similarly, the extremity should not be cov-
ered by bed linens, to facilitate visual checks. 
Frequent assessments of the site is required if a 
wrist restraint is present.

Infection
Factors that reduce the risk for infection include 
proper attention to sterile technique during cath-
eter insertion, care of the insertion site, and 
blood sampling, and maintenance of a sterile, 
closed monitoring system. The nurse assesses 
the insertion site for signs of infection; uses ster-
ile technique when changing dressings, tubing, 
and fl ush solution; and maintains the integrity 
of the system. Applying sterile nonvented (“dead-
ender”) caps to the stopcock ports helps eliminate 
contamination. Closed systems for blood sam-
pling help reduce the potential for open stopcock 
infections and assist with managing potential 
blood loss.

Radial artery occluded

Pallor produced
by clenching

Unclenched hand returns
to baseline color because
of ulnar artery and
connecting arches

Radial artery
occluded

Ulnar artery
released
and patentUlnar artery

occluded

FIGURE 9-4 Modifi ed Allen’s test. If color returns in less than 7 seconds, the ulnar circulation to the hand 
is adequate. If color returns in 7 to 15 seconds, ulnar fi lling may be impaired. If the hand remains 
blanched for longer than 15 seconds, ulnar circulation is inadequate and the radial artery should not be 
cannulated.

Dicrotic notch

Systole

Systolic
pressure

End diastole

F I G U R E  9 - 5  Normal arterial pressure waveform. The dicrotic 
notch indicates the end of ventricular systole and the beginning of 
diastole.
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98 P A R T  T W O Essential Interventions in Critical Care

absent breath sounds, tachycardia, and elevated 
peak inspiratory pressures (if the patient is receiv-
ing mechanical ventilation).

Air Embolism
Air embolism occurs as a result of air entering the 
vasculature and traveling through the vena cava to 
the right ventricle. When the tubing is disconnected 
from the catheter, changes in intrathoracic pres-
sure with inspiration and expiration can draw air 
into the catheter. Approximately 10 to 20 mL of air 
entering the venous system can cause the patient to 
become symptomatic. Signs and symptoms include 
sudden hypotension, confusion, lightheadedness, 
anxiety, and unresponsiveness. Cardiac arrest may 
occur if the air bolus is large. If air embolism is 
suspected, turning the patient on the left side in 
the Trendelenburg position may allow the air to 
rise to the wall of the right ventricle and improve 
blood fl ow. Supplemental oxygen is started unless 
contraindicated.

Pulmonary Artery Pressure Monitoring
In pulmonary artery pressure (PAP) monitoring, 
a catheter is placed through the right side of the 
heart into the pulmonary artery. By measuring 
pressures in the right atrium, right ventricle, and 
pulmonary artery, it is possible to assess right ven-
tricular function, pulmonary vascular status, and, 
indirectly, left ventricular function. The pulmonary 
artery catheter (PAC) also allows evaluation of car-
diac output.

Equipment and Setup
Pulmonary Artery Catheter
Several types of PACs are available. The type of 
catheter used is determined by the parameters to be 
monitored. All PACs have multiple external lumens. 
A typical PAC (Fig. 9-6) has four lumens:

• The distal lumen is located into the pulmonary 
artery and is attached to the transducer to measure 
PAPs. Mixed venous blood (used to calculate mixed 
venous oxygen saturation [SvO2], oxygen extrac-
tion, oxygen consumption, and intrapulmonary 
shunt measurements) may be withdrawn from the 
distal lumen. Use of the distal lumen for admin-
stering fl uid or medication is not recommended.

• The proximal lumen terminates in the right atrium 
or the superior vena cava. The lumen is used for 
infusing fl uids and is often connected to a trans-
ducer to provide RAP measurements and dis-
play of the RAP waveform. The proximal lumen 
is also used to inject solution for cardiac output 
measurement.

• The thermistor receives input from a thermistor 
on the tip of the PAC and measures the patient’s 
core temperature. It detects the blood tempera-
ture change when solution is injected through 

Complications
Infection
Infection may occur intravascularly or around the 
insertion site. Signs and symptoms of central venous 
catheter–associated infection may include erythema 
at the insertion site, fever, or an elevated white blood 
cell (WBC) count. Defi nitive diagnosis is obtained 
with blood cultures. Primary measures to prevent 
infection include routine dressing and IV fl uid tub-
ing changes (per Centers for Disease Control and 
Prevention [CDC] guidelines and facility protocol) 
and adherence to sterile technique during catheter 
insertion and dressing changes.

Thrombosis
Thrombi occasionally form and may vary from a 
thin layer of fi brin over the catheter tip to a large 
thrombus. Loss of the hemodynamic waveform or 
the inability to infuse fl uid or withdraw blood from 
the catheter may be indications that the catheter is 
occluded by a large thrombus. Because a thrombus 
may embolize (putting the patient at risk for pul-
monary embolism) or impair circulation to a limb, 
it constitutes an emergency and must be reported 
to the physician immediately. Facility protocol 
may permit nurses to attempt aspirating the clot. 
Frequently, facilities also have protocols to admin-
ister small doses of thrombolytic agents to dissolve 
the clot.

Pneumothorax
Anatomical factors can make placement of a cen-
tral line diffi cult, particularly if the patient is obese 
or has torturous subclavian veins. The needle or 
introducer sheath may pass through the vessel wall 
and puncture the lung during insertion, causing an 
apical pneumothorax. A postinsertion chest radio-
graph is routinely obtained to verify proper cath-
eter placement and assess for pneumothorax. Signs 
and symptoms of a pneumothorax include pleu-
ritic chest pain, shortness of breath and dyspnea, 
asymmetrical chest wall movement, diminished or 

B O X  9 - 2   Causes of Alterations in Central 
Venous Pressure (CVP) Measurements

Low CVP Measurements
• Hypovolemic state
• Diuretic therapy
• Vasodilation (eg, sepsis, vasodilating medications)

High CVP Measurements
• Right ventricular failure
• Pulmonary embolism
• Pulmonary hypertension
• Left ventricular failure
• Mechanical ventilation
• Hypervolemic state
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Pulmonary Artery Catheter Insertion
The nurse assists with PAC insertion.2 Strict ster-
ile technique is required. The physician inserts the 
PAC through a large vein, usually the right internal 
jugular, the right or left subclavian, or the femoral 
vein. The physician advances the catheter with the 
balloon infl ated once it is in the right atrium. To 
determine catheter tip location, the nurse moni-
tors the waveforms and pressures on the bed-
side monitor as the catheter passes into the right 
atrium, through the tricuspid valve into the right 
ventricle, across the pulmonic valve, into the pul-
monary artery, and eventually into the wedged 
position (Fig. 9-8, p. 101). The balloon is allowed 
to defl ate passively after the pulmonary artery 
wedge is noted on the monitor and the return of 
the pulmonary artery is confi rmed. The amount of 
air required to ‘wedge’ the balloon is noted. The 
PAC is secured, a sterile dressing is placed over the 
insertion site, and a chest radiograph is obtained 
to verify catheter position. The distal (pulmonary 
artery) lumen is connected to pressure tubing, and 

the proximal lumen during cardiac output 
measurements.

• The balloon infl ation lumen is used to infl ate the 
balloon near the catheter tip with air. Infl ation 
of the balloon causes the catheter to occlude (or 
wedge) into a distal artery, allowing measure-
ment of the pulmonary artery occlusion pressure 
(PAOP), formerly known as the pulmonary artery 
wedge pressure (PAWP). Fluid is never inserted 
into the balloon infl ation lumen. It is an indirect 
measurement of LAP.

Specialty PACs have additional lumens and capa-
bilities (Fig. 9-7). For example, a fi ve-lumen catheter 
has an additional lumen for venous infusion into the 
right atrium. A seven-lumen catheter includes an 
additional lumen for venous infusion, as well as an 
optical module lumen (which connects to a special 
oximetry monitor for SvO2 monitoring) and a ther-
mal fi lament lumen (which allows display of cardiac 
output on a continuous basis). Another type of spe-
cialty PAC determines right ventricular volumes, and 
then calculates the right ventricular ejection fraction.

The balloon inflation lumen
serves as the access point
for inflating the balloon at

the distal tip of the catheter
for PAOP measurement.

The thermistor lumen
connects to a monitor

to display a core
temperature

The inflated balloon 
wedges in a branch of the
pulmonary artery during 

PAOP measurement.

The proximal lumen typically opens
into the right atrium or vena cava.   
In addition to measuring right atrial

pressure, it is used to deliver the bolus 
injection that is used to measure cardiac 

output and functions as a fluid 
infusion route.

The distal lumen opens into 
the pulmonary artery

and is used to measure 
pulmonary artery pressures.

F I G U R E  9 - 6  Pulmonary artery catheter. PAOP, pulmonary artery occlusion pressure. (Courtesy of Edwards 
Lifesciences, LLC.)
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A B
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Distal
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infusion
lumen

Venous
infusion
lumen

Proximal
lumen

Proximal
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Balloon
inflation 
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Balloon
inflation 
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Thermistor
lumen

Thermistor
lumen

Balloon

Balloon

Thermistor

Thermal filament
Thermistor

F I G U R E  9 - 7  Specialty pulmonary artery catheters. A: A fi ve-lumen catheter that includes an additional 
venous infusion lumen that is used for infusions into the right atrium. B: A seven-lumen catheter that 
includes a venous infusion lumen, an optical module lumen for continuous mixed venous oxygen satura-
tion (SvO2) monitoring, and a thermal fi lament lumen for continuous cardiac output monitoring. (Courtesy of 
Edwards Lifesciences, LLC.)

the other lumens are connected as appropriate, 
either to the pressure monitoring system or an IV 
solution.

If the PAC is not properly secured, it may become 
dislodged and the tip may “fall back” into the right 
ventricle. The patient may experience dysrhythmias 
(as a result of endocardial irritation by the catheter 
tip), and the hemodynamic pressures and waveform 
will refl ect those of the right ventricle instead of the 
pulmonary artery. Infl ating the balloon may cause 
the catheter to “refl oat” into the pulmonary artery. 
Alternatively, if the catheter is in a sleeve (to protect 
from contamination), it may be advanced into the 
proper position in the pulmonary artery.

Data Interpretation
The pressures and waveforms obtained through PAP 
monitoring are generated by pressure changes in 
the heart that occur throughout the cardiac cycle. 
The mechanical activity of the heart (ie, systole and 
diastole) follows the electrical activity of the heart. 
Therefore, mechanical activity must be correlated to 
electrical activity by interpreting the hemodynamic 
waveforms alongside an electrocardiographic 

tracing. Interpretation of pressure measurements 
obtained through PAP monitoring is summarized in 
Table 9-2, on page 102.

Measurement of all pressures is most accurate 
when obtained at the end of expiration. During the 
end-expiration period, there is minimal airfl ow and 
little variation in pleural pressures that infl uence 
cardiac pressures. Thus, end expiration provides 
a standard reference point for obtaining measure-
ments. Spontaneous breathing causes negative 
intrathoracic pressure during inspiration, which 
produces a decline in the waveform. The wave-
form used for measurement is the last clear wave 
occurring just before the inspiratory dip (Fig. 9-9A), 
p. 103. Mechanical ventilation causes positive intra-
thoracic pressure during inspiration, which pro-
duces an inspiratory “push,” or rise, in the waveform. 
In mechanically ventilated patients, the waveform 
used for measurement is the last clear wave occur-
ring just before the inspiratory rise (see Fig. 9-9B).

Right Atrial Pressure
The right atrium is a low-pressure chamber, receiv-
ing blood volume passively from the vena cava. The 
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Right atrial pressure
2–6 mm Hg

Right ventricular pressure
Systolic: 20–30 mm Hg
Diastolic: 0–8 mm Hg

Pulmonary artery pressure
Systolic: 20–30 mm Hg
Diastolic: 8–15 mm Hg

Pulmonary artery
occlusion pressure

8–12 mm Hg

F I G U R E  9 - 8  Normal values and wave confi gurations produced during PAC insertion. Note that the RAP is 
equivalent to the RVEDP, the right ventricular systolic pressure is equivalent to the pulmonary artery systolic 
pressure, and the pulmonary artery diastolic pressure closely approximates the PAOP.

RAP is used to make assumptions about the volume 
in the right ventricle during end diastole (when the 
ventricle is the fullest).

Atrial waveforms have three positive waves (Fig. 
9-10A, p. 104):

• The a wave refl ects the increase in atrial pressure 
during atrial systole (end of ventricular diastole). The 
tricuspid valve is open at this time, allowing pres-
sures between the atrium and ventricle to equalize. 
The a wave is used to obtain the RAP (CVP) reading.

• The c wave results from a small increase in pres-
sure associated with closure of the tricuspid valve 
and early atrial diastole (onset of ventricular sys-
tole). It may be a distinct wave or a dicrotic notch. 
It is not present in all waveforms.

• The v wave represents atrial diastole (and ventric-
ular systole) and refl ects the increase in pressure 
caused by the fi lling of the atrium with blood.

Atrial waveforms also have two primary negative 
waves (descents):

• The x descent follows the a wave (or c wave, if pres-
ent) and represents a decrease in pressure caused by 
atrial relaxation at the beginning of atrial diastole.

• The y descent follows the v wave and represents the 
initial, passive atrial emptying into the ventricle as 
the tricuspid valve opens.1,2

Accurate identifi cation of the a, c, and v waves 
requires correlation of the waveform with the elec-
trocardiogram (ECG) (see Fig. 9-10A). On the ECG, 
the P wave represents atrial depolarization, which 
causes the right atrium to contract. Therefore, the 
a wave occurs after the P wave, usually in the PR 
interval. The mitral and tricuspid values are open, 
and thus more accurately measures the pressures 

in the ventricles. The QRS complex represents ven-
tricular depolarization and ventricular contraction. 
Simultaneously, the atria relax and fi ll with blood. 
The v wave generated by these events thus occurs in 
the T-to-P interval. The mitral and tricuspid valves 
are closed, and thus do not accurately refl ect the 
pressure (volume) in the ventricles.

Abnormalities of the right atrial waveform include 
large, elevated a or v waves. Increased resistance to 
ventricular fi lling and impaired atrial emptying cause 
an elevated a wave. Elevated v waves are related to 
regurgitant fl ow during ventricular contraction.

Right Ventricular Pressure
Typically, the right ventricular pressure is obtained 
only on initial PAC insertion. The right ventricle is 
a low-pressure chamber. When the tricuspid valve is 
open, the RAP and the RVEDP are similar. During 
right ventricular systole, the pressure increases to 
generate enough pressure to open the pulmonic 
valve and eject blood into the pulmonary artery. 
Therefore, the right ventricular systolic pressure nor-
mally equals the pulmonary artery systolic pressure.

The right ventricular waveform has a distinctive 
“square root” confi guration (see Fig. 9-10B). The ini-
tial rapid increase in right ventricular pressure repre-
sents right ventricular systole, which follows the QRS 
complex of the ECG. After ventricular systole, the 
pulmonic valve closes, and the right ventricular pres-
sure rapidly decreases, creating a diastolic dip. Next 
in the cardiac cycle, the tricuspid valve opens, allow-
ing the right ventricle to passively fi ll with blood from 
the right atrium. Right ventricular diastole occurs 
within the period from the T wave to the next Q wave 
on the ECG. The point on the waveform just before 
the rapid increase in pressures represents the RVEDP.
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TA B L E  9 - 2 Interpreting Pressures Obtained Through PAP Monitoring

Pressure and Description Normal Values Causes of Increased Pressure
Causes of 
Decreased Pressure

Right Atrial Pressure (RAP)
The RAP refl ects the right 

ventricular end-diastolic pressure 
(RVEDP) and is therefore an 
indication of right ventricular 
function. Note that the RAP is 
equivalent to the central venous 
pressure (CVP).

Mean pressure: 
2–6 mm Hg

• Right-sided heart failure
• Volume overload
• Tricuspid valve stenosis or 

insuffi ciency
• Constrictive pericarditis
• Cardiac tamponade
• Pulmonary hypertension
• Right ventricular infarction
• Pulmonary embolism

Reduced circulating 
blood volume

Right Ventricular Pressure
The right ventricular systolic 

pressure normally equals 
the pulmonary artery systolic 
pressure. The right ventricular 
diastolic pressure is refl ected 
by the RAP.

Systolic pressure: 
20–30 mm Hg

Diastolic pressure: 
0–8 mm Hg

• Mitral stenosis or insuffi ciency
• Pulmonary disease
• Hypoxemia
• Constrictive pericarditis
• Chronic heart failure
• Atrial and ventricular septal 

defects
• Patent ductus arteriosus

Reduced circulating 
blood volume

Pulmonary Artery Systolic Pressure
The pulmonary artery systolic 

pressure results from right 
ventricular systolic pressure and 
refl ects right ventricular function.

Systolic pressure: 
20–30 mm Hg

Mean pressure: 
8–15 mm Hg

• Left-sided heart failure
• Increased pulmonary blood fl ow 

(left or right shunting, as in atrial 
or ventricular septal defects)

• Mechanical ventilation
• Any condition causing 

increased pulmonary arteriolar 
resistance (such as pulmonary 
hypertension, volume overload, 
mitral stenosis, or hypoxia)

Reduced circulating 
blood volume

Pulmonary Artery Diastolic Pressure
The pulmonary artery diastolic 

pressure is an indirect refl ection 
of left ventricular end-diastolic 
pressure (LVEDP) in a patient 
without signifi cant pulmonary 
artery disease.

Diastolic pressure: 
8–15 mm Hg

Mean pressure: 
10–20 mm Hg

• Any condition causing 
increased pulmonary arteriolar 
resistance (such as pulmonary 
hypertension, pulmonary 
embolism, volume overload, 
mitral stenosis, or hypoxia)

Reduced circulating 
blood volume

Right ventricular 
failure

Pulmonary Artery Occlusion Pressure (PAOP)
The PAOP indirectly refl ects the 

LAP and the LVEDP, unless the 
patient has obstructions from the 
tip of the PAC to the left ventricle. 
Changes in PAOP refl ect changes 
in left ventricular fi lling pressure.

Mean pressure: 
8–12 mm Hg

• Left-sided heart failure
• Mitral stenosis or insuffi ciency
• Pericardial tamponade

Reduced circulating 
blood volume

Right ventricular 
failure

Modifi ed from Springhouse: Critical Care Nursing Made Incredibly Easy. Philadelphia, PA: Springhouse, 2004, p 170.

Pulmonary Artery Pressure
In healthy people, the pulmonary vasculature is a 
relatively compliant, low-resistance, low-pressure 
system. The pulmonary artery systolic pressure is 
generated by right ventricular systolic ejection. The 
pulmonary artery diastolic pressure refl ects the 
resistance of the pulmonary vascular bed and, to a 
limited degree, the LVEDP because the open mitral 

valve allows equalization of pressure from the left 
ventricle back to the tip of the PAC. Under normal 
conditions, with no obstructions or primary pul-
monary hypertension, the pulmonary artery dia-
stolic pressure may be used to monitor the LVEDP.

The pulmonary artery waveform characteristics are 
similar to those of the systemic arterial waveform (see 
Figs. 9-5 and 9-10C). The dicrotic notch in the downward 
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FIGURE 9-9 Measurement of pressures is most accurate when obtained at the end of expiration. A: Spontaneous 
breathing. B: Pulmonary artery occlusion pressure (PAOP) tracing with positive pressure mechanical ventila-
tion. Measurement of the PAOP is made at the last clear waveform (circled areas) before the inspiratory rise.

slope of the pulmonary artery waveform corresponds 
with pulmonic valve closure and represents the begin-
ning of the pulmonary artery diastolic phase.

Pulmonary Artery Occlusion Pressure
The PAOP is the measure of the left atrial pressure 
(LAP) and the LVEDP. The PAOP is obtained by 
infl ating the balloon at the catheter tip. The balloon 
wedges in a branch of the pulmonary artery, occlud-
ing forward fl ow and creating an unrestricted vas-
cular channel between the tip of the catheter and 
the left ventricle (Fig. 9-11). In this way, the PAOP 
refl ects the LVEDP when the reading is obtained at 
end diastole, when the mitral valve is open. (In the 
presence of mitral valve stenosis, the PAOP does not 
accurately refl ect the LVEDP.)

A PAOP tracing is essentially a LAP tracing; there-
fore, it has a, c, and v waves and x and y descents 
just like the RAP tracing (see Fig. 9-10D). The a 

wave corresponds to left atrial systole, and is used 
to obtain the measured pressure in the left atrium. 
The v wave corresponds to left atrial diastole. The c 
wave is rarely visible on the PAOP tracing because 
the slight increase in pressure from backward bulg-
ing of the mitral valve is diffi cult to observe.

The a and v waves on the PAOP tracing are slightly 
delayed relative to the ECG because of the distance 
from the left side of the heart over which these pres-
sures are transmitted. The a wave falls more closely 
in line with the QRS complex, and the v wave cor-
relates with the T wave.

Left ventricular dysfunction and mitral valve dis-
ease occur more frequently than right ventricular 
dysfunction and tricuspid valve disease; therefore 
abnormal PAOP waveforms are more common than 
abnormal right atrial waveforms. Left ventricular 
failure usually causes elevation of both the a and 
v waves and signifi cantly increases the PAOP (and 
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F I G U R E  9 - 1 0  A: Right atrium. A waveform with three small upright waves appears. The a waves represent 
the right atrial systole; the v waves, right atrial diastole. B: Right ventricle. A waveform with sharp systolic 
upstrokes and lower diastolic dips appears. C: Pulmonary artery. A pulmonary artery pressure (PAP) wave-
form appears. Note that the upstroke is smoother than on the right ventricular waveform. The dicrotic notch 
indicates pulmonic valve closure. D: Distal branch of the pulmonary artery. The balloon wedges where the 
vessel becomes too narrow for it to pass, and a PAOP waveform, with two small upright waves, appears. The 
a wave represents left atrial systole; the v wave, left atrial diastole. ECG, electrocardiogram. (Courtesy of 
Edwards Lifesciences, LLC.)
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F I G U R E  9 - 1 1  Position of the pulmonary artery. When the balloon is infl ated and the catheter is in the wedge 
position, there is an unrestricted vascular channel between the tip of the catheter and the left ventricle in 
diastole. PAOP thus refl ects LVEDP, an important indicator of left ventricular function. (Courtesy of Philips.)
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the pulmonary artery diastolic pressure) because 
of reduced contractility and forward blood fl ow. 
Normally, the PAOP closely approximates the pul-
monary artery diastolic pressure with a gradient of 
1 to 4 mm Hg. A widened pressure gradient (greater 
than 4 mm Hg) is a differential diagnostic sign of 
primary pulmonary hypertension or increased pul-
monary vascular resistance (PVR) (as opposed to 
left ventricular dysfunction).

Complications
Generally, most complications that occur with PAP 
monitoring relate to the need for percutaneous cen-
tral venous access. Complications such as infection, 
thrombus, pneumothorax, and air embolus were 
discussed earlier in the chapter. Other complica-
tions that may occur with PAP monitoring include 
ventricular dysrhythmias, pulmonary artery rupture 
or perforation, and pulmonary infarction.

Ventricular Dysrhythmias
Ventricular dysrhythmias may occur during the 
insertion of a PAC. As the catheter passes through 
the right ventricle, it may irritate the endocardium, 
causing premature ventricular contractions (PVCs) 
and occasionally ventricular tachycardia. The dys-
rhythmias typically resolve when the catheter is 
advanced into the pulmonary artery; however, it is 
essential to have ready access to emergency medi-
cations and equipment in case the ventricular 
dysrhythmias persist. Migration of the PAC back 
into the right ventricle may also cause ventricular 
dysrhythmias.

Pulmonary Artery Rupture or Perforation
Pulmonary artery rupture or perforation is a rare 
but potentially fatal complication that may occur 
during insertion or manipulation of the PAC. During 
insertion of the PAC, proper technique (ie, advanc-
ing the catheter with the balloon fully infl ated with 
1.5 mL of air, avoiding advancing the catheter too 
far into a small artery) minimizes the chance of rup-
ture or perforation. When obtaining a PAOP trac-
ing, the nurse closely observes the pulmonary artery 
waveform as the balloon is infl ated, and fi lls the bal-
loon with the proper amount of air (usually 1.25 to 
1.5 mL). Overfi lling the balloon can cause overdis-
tention of the pulmonary artery, putting the patient 
at risk for rupture.

Pulmonary Infarction
Pulmonary infarction resulting from loss of blood 
fl ow distal to the PAC is typically a result of the PAC 
migrating distally into a smaller artery (ie, sponta-
neous wedging). If less than 1.25 to 1.5 mL of air is 
needed to infl ate the balloon and obtain the PAOP 
waveform, then spontaneous wedging is a higher 
risk. Changing of the pulmonary artery waveform 
to a PAOP waveform on the bedside monitor may 
also indicate spontaneous wedging. (The bedside 

monitor should continuously display the pulmonary 
artery waveform.) Prompt identifi cation and man-
agement (eg, by pulling the catheter back, per facil-
ity protocol) can prevent a pulmonary infarction 
from occurring.

EVIDENCE-BASED PRACTICE GUIDELINES
Accuracy in Hemodyamic Monitoring

PROBLEM: Technical aspects of monitoring affect the 
accuracy and reliability of the data obtained through 
hemodynamic monitoring. Accurate and reliable data are 
essential to providing optimal patient care.

EVIDENCE-BASED PRACTICE GUIDELINES

1. Verify the accuracy of the invasive pressure monitoring 
system by performing a square-wave test at the begin-
ning of each shift and any time the system is disturbed 
(eg, blood draw). (level A)

2. Position the patient in the supine position (head of bed 
between 0 and 60 degrees), the lateral position (20, 30, 
or 90 degrees with the head of the bed fl at) or prone 
before obtaining pulmonary artery pressure (PAP), pul-
monary artery occlusiive pressure (PAOP), and central 
venous pressure (CVP) measurements. Allow the patient 
to stabilize for 5 to 15 minutes after a position change. 
(level A)

3. With the patient in the supine or prone position, level 
and reference the transducer air–fl uid interface to the 
phlebostatic axis (4th ICS, ½ AP diameter of the chest) 
or to the lateral angle-specifi c reference using a laser or 
carpenter’s level before obtaining PAP, PAOP, and CVP 
measurements. (level A)

4. Obtain PAP, PAOP, and CVP measurements from a 
graphic (analog) tracing at end expiration or adjust the 
measurement point if the patient is receiving airway 
pressure release ventilation (APRV) or is actively exhal-
ing. (level A)

5. Use a simultaneous electrocardiogram (ECG) tracing to 
assist with proper PAP, PAOP, and CVP waveform identi-
fi cation. (level A)

KEY

Level A: Meta-analysis of quantitative studies or metasynthesis of 
qualitative studies with results that consistently support a spe-
cifi c action, intervention, or treatment

Level B: Well-designed, controlled studies with results that consis-
tently support a specifi c action, intervention, or treatment

Level C: Qualitative studies, descriptive or correlational studies, 
integrative review, systematic reviews, or randomized controlled 
trials with inconsistent results

Level D: Peer-reviewed professional organizational standards with 
clinical studies to support recommendations

Level E: Multiple case reports, theory-based evidence from expert 
opinions, or peer-reviewed professional organizational stan-
dards without clinical studies to support recommendations

Level M: Manufacturer’s recommendations only

 ■ Adapted from American Association of Critical-Care Nurses (AACN) 
 Practice Alert, revised 12/2009.
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Determination of Cardiac Output
Assessment of cardiac output and its determinants 
are important adjuncts to the care of critically ill 
patients. Cardiac output is the volume of blood 
ejected from the heart per minute. Normally, car-
diac output is 4 to 8 L/min at rest. Cardiac output 
is a function of heart rate and stroke volume (the 
amount of blood ejected from the left ventricle dur-
ing systole). Table 9-3 summarizes calculations that 
are commonly used in evaluating cardiac output.

The cardiac index relates cardiac output to body 
size. To obtain the cardiac index, the cardiac output 
is divided by the patient’s body surface area (BSA). 

TA B L E  9 - 3 Parameters Used in the Evaluation of Cardiac Output

Parameter Defi nition Formula Normal Values

Cardiac output (CO) The number of liters pumped 
by the heart per minute

HR × SV 4–8 L/min

Cardiac index (CI) CO indexed to the patient’s 
body surface area (BSA)

CO/BSA 2.5–4 L/min/m2

Stroke volume (SV) The milliliters of blood ejected 
from the ventricle with 
each contraction

CO/HR × 1000 60–100 mL/beat

Stroke volume index (SVI) SV indexed to the patient’s BSA CI/HR 33–47 mL/beat/m2

Mean arterial pressure (MAP) The calculated average 
arterial pressure over a full 
cardiac cycle

[Systolic BP + (diastolic BP 
× 2)]/3

70–105 mm Hg

Right atrial pressure (RAP) Pressure created by volume 
of blood in the right heart

Direct measurement 2–6 mm Hg

Left atrial pressure (LAP) Pressure created by volume 
of blood in the left heart

Direct measurement 6–12 mm Hg

Pulmonary artery occlusion 
pressure (PAOP)

Pressure measured in the 
pulmonary artery when the 
PAC’s balloon is infl ated

Direct measurement 8–15 mm Hg

Right ventricular end-diastolic 
volume index (RVEDVI)

Amount of volume in the right 
ventricle at the end of 
diastole indexed to patient 
BSA

SVI/RV ejection fraction 60–100 mL/m2

Left ventricular end-diastolic 
volume index (LVEDVI)

Amount of volume in the left 
ventricle at the end of 
diastole indexed to patient 
BSA

SV/LV ejection fraction 40–80 mL/m2

Systemic vascular resistance 
(SVR)

The resistance to blood fl ow 
offered by the systemic 
vasculature

[(MAP − RAP) × 80]/CO 800–1200 dyne/s/cm−5

Systemic vascular resistance 
index (SVRI)

SVR indexed to patient’s BSA [(MAP − RAP) × 80]/CI 1360–2200 dyne/s/cm−5

Pulmonary vascular 
resistance (PVR)

The resistance to blood fl ow 
offered by the pulmonary 
vasculature

(MPAP − PAOP) × 80/CO <250 dyne/s/cm−5

Pulmonary vascular 
resistance index (PVRI)

PVR indexed to patient’s BSA (MPAP − PAOP) × 80/CI

Left ventricular stroke work 
index (LVSWI)

A measure of work performed 
by the left ventricle with 
each beat

SVI (MAP − PAOP) × 0.0136 40–70 g-m2/beat

Right ventricular stroke work 
index (RVSWI)

A measure of work performed 
by the right ventricle with 
each beat

SVI (MPAP − RAP) × 0.0136 5–10 g-m2/beat

Stroke volume variation 
(SVV)

Variation in stroke volume 
over a respiratory cycle

SV maximum – SV minimum/
SV mean

<10%–15%

HR, heart rate.

Standard bedside monitors and cardiac output com-
puters automatically calculate the cardiac index 
when the patient’s height and weight (needed to cal-
culate the BSA) are entered. Normally, the cardiac 
index is 2.5 to 4 L/min/m2.

An increased or decreased cardiac output pro-
vides global information only and needs to be evalu-
ated in light of the factors that affect cardiac output 
(Fig. 9-12).5 stroke volume, one of the primary deter-
minants of cardiac output, is infl uenced by preload, 
afterload, and contractility.

• Preload is the amount of stretch on the myocardial 
muscle fi bers at end diastole. Preload is primarily 
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infl uenced by total blood volume. The RAP or CVP 
is used to indirectly assess right ventricular pre-
load, and the PAOP is used to indirectly assess 
left ventricular preload. Because PAP monitoring 
measures pressures, not volumes, assumptions are 
made that equate volume and pressure. However, 
many factors alter the pressure–volume relation-
ship; therefore, the use of pressures to evaluate 
preload must be considered in light of these.

• Afterload is the resistance to ejection of blood 
from the ventricles. Primary factors affecting 
afterload are aortic and pulmonic valve stenosis 
and vascular resistance. PVR and systemic vas-
cular resistance (SVR) are clinical assessments of 
right and left ventricular afterload, respectively. 
PVR and SVR can be indexed to body size using 
the patient’s BSA.

• Contractility refers to the ability of the heart to 
contract independent of preload and afterload. 
Contractility can be assessed by determining 
stroke volume and calculating the stroke work 
index for both the left and right ventricles.

There are several methods of evaluating cardiac 
output. Methods may use invasive, minimally inva-
sive, or noninvasive technologies. The most com-
monly used methods in the critical care setting are 
the thermodilution method, arterial pressure– and 
waveform-based methods, electrical bioimpedance 
cardiography, and esophageal Doppler monitoring.

Heart rate

Increased

• Stress
• Pain
• Anxiety
• Hyperthermia
• Hypovolemia
• Hypoxia

Decreased

• Vagal
  stimulation
• Heart block
• Acute
  myocardial
  infarction

Preload

Decreased cardiac output

Increased

• Hypervolemia
• Heart failure

Decreased

• Hypovolemia
• Decreased
  venous return

Contractility

Decreased

• Myocardial
  ischemia
• β blockers
• Electrolyte
  disturbances

Afterload

Increased

• Vasoconstriction
• Vasopressors
• Compensatory
  mechanism for
  hypovolemia or
  decreased
  contractility

Preload

Increased cardiac output

Increased

• Hypervolemia

Contractility

Increased

• Inotropes

Afterload

Decreased

• Vasodilation
  (e.g., sepsis, 
  anaphylaxis
• Vasodilators

F I G U R E  9 - 1 2  Alterations in cardiac output are caused by changes in heart rate, preload, afterload, and 
contractility.

Thermodilution Method
Thermodilution is the most common method used 
to measure cardiac output and is considered the 
clinical gold standard. Determination of cardiac 
output using the thermodilution method may be 
intermittent or continuous.

• Intermittent determinations require the injection 
of a known amount of “cooler than blood” indi-
cator solution. The indicator solution is injected 
into the proximal (right atrial) lumen of the PAC. 
A thermistor near the end of the catheter continu-
ously measures the temperature of blood fl owing 
past it. The change in blood temperature follow-
ing injection of the indicator solution generates a 
thermodilution curve, which the computer uses as 
a basis for calculating cardiac output.

• Continuous determinations require the use of a 
specialized PAC, which houses thermal fi laments 
that emit heat as the indicator (see Fig. 9-7B). The 
“warmer than blood” signal is measured at the 
thermistor, and thermodilution curves are pro-
duced on a 30- to 60-second frequency for continu-
ous cardiac output assessment.

For intermittent thermodilution cardiac output 
determination, the injectate syringe is usually part 
of a closed system that remains intact and attached 
to the proximal (right atrial) lumen by a stopcock 
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(Fig. 9-13). A computation constant (based on the 
catheter size, volume and temperature of the injec-
tate, and injection method) is set on the computer 
or programmed into the bedside cardiac output 
computer. For most patients, 10 mL of room-tem-
perature injectate (sterile D5W or normal saline) 
provides accurate results, although iced (0°C to 4°C) 
solution may be used for patients with hypother-
mia or very low cardiac output states to improve 
the accuracy. A temperature difference between the 
patient’s blood temperature and the injectate of at 
least 10°C provides a greater signal and improves 
accuracy. Additional steps to promote accurate mea-
surements include

• Ensuring that the volume of injectate in the syringe 
is correct

• Injecting the volume smoothly and rapidly, in less 
than 4 seconds

• Waiting approximately 1 minute between injec-
tions to allow the catheter thermistor to return to 
baseline

The average of several cardiac output determina-
tions is required to obtain a fi nal measurement. 
Three or more consecutive measurements are usu-
ally necessary. Measurements included in the aver-
aging process should be within 10% to 15% of each 
other and demonstrating acceptable CO curves (Fig. 
9-14A). Abnormal curves (see Fig. 9-14B) are elimi-
nated from the cardiac output averaging process.

Sterile injectate
solution

Nonvented IV spike

Snap clamp

Injectate
delivery
tubing

Catheter
connecting
cable

10-mL syringe

Check
valve Flow-through

housing

Temperature
probe

Three-way stopcock
and continuous 

flush device

To IV/
pressure
monitoring

Proximal
injectate hub

Balloon inflation
valve

Catheter
connector

Thermistor
connector

Pulmonary artery
thermodilution

catheter

Thermistor

Balloon

Distal lumen

Proximal injectate port

Cardiac output
computer

F I G U R E  9 - 1 3  A closed room-temperature injectate system for measurement of cardiac output.

Arterial Pressure– and Waveform-Based 
Methods
Another method for determining cardiac output 
and stroke volume involves using arterial pressures 
and arterial waveforms. This method is based on 
the premise that there is a proportional relation-
ship between pulse pressure and stroke volume, and 
an inverse relationship between pulse pressure and 
aortic compliance.

An arterial line, a special sensor, and a  monitor 
that uses an algorithm for the stroke volume 
and  cardiac output determinations are required. 
Although the specifi c algorithm used to determine 
the cardiac output value may vary depending on 
the equipment in use, all of the algorithms rely 
on the arterial pressure and the arterial  waveform 
shape or size. Therefore, obtaining accurate values 
and ensuring optimal waveforms are critical.

Other values obtained using arterial pressure– 
and waveform-based methods include stroke vol-
ume variation, pulse pressure variation, and systolic 
pressure variation. These values refl ect the differ-
ence between the maximum and minimum values of 
stroke volume, pulse pressure, and systolic pressure 
during a respiratory cycle and can be used to identify 
pulsus paradoxus (ie, an abnormally large decrease 
in systolic blood pressure during inspiration). These 
values are used to evaluate a patient’s response to 
fl uid administration.
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Impedance Cardiography
Impedance cardiography (thoracic electrical bio-
impedance) is a noninvasive method for monitor-
ing cardiac output.3 In impedance cardiography, 
two sets of electrodes are placed at the base of the 
neck and the lower thorax (Fig. 9-15). The outer set 
of electrodes transmits a low-voltage electrical cur-
rent, which seeks the path of a least resistance (ie, 
the blood-fi lled thoracic aorta), while the inner set 
of electrodes measures the impedance to that cur-
rent. The impedence changes due to the pulsatile 
blood fl ow in the descending aorta during systole 
and diastole. The change in impedance over time 
directly refl ects left ventricular contractility and is 
mathematically converted into stroke volume and 
cardiac output values using an algorithm. Other 
hemodynamic parameters can also be measured or 
calculated from the data obtained using impedance 
cardiography and are provided on a continuous, 
real-time basis (Table 9-4).

Esophageal Doppler Monitoring
An esophageal Doppler monitor (EDM) incorporates 
a Doppler transducer into a nasogastric tube. When 
placed in the esophagus, the EDM allows monitoring 
of blood fl ow velocity through the descending aorta 
(Fig. 9-16). The pulsatile velocity waveform directly 
refl ects left ventricular contractility as well as the 
patient’s intravascular volume status (preload).4 

Continuous cardiac output and stroke volume deter-
minations are calculated from the Doppler waveform 
using an algorithm based on the Doppler waveform 
confi guration and the patient’s height, weight, and age.

The waveform shape can also be used to deter-
mine changes in myocardial contractility and 

Normal output

A. Acceptable cardiac output curves (good technique)

B. Irregular cardiac output curve (poor technique)

High outputLow output

Baseline Baseline

Baseline

Baseline

Curve
onset

Curve
onset

Curve
onset

Curve
onset

Downslope

Downslope

Downslope

Downslope

F I G U R E  9 - 1 4  Cardiac output curves obtained using the intermittent thermodilution method. A: Acceptable curves represent-
ing normal cardiac output, low cardiac output, and high cardiac output. Normal cardiac output curves have a smooth upstroke 
from the rapid injection followed by a gradual decline. The area under the curve is inversely proportional to the cardiac output. 
Curves associated with a low cardiac output have a greater area under the curve, with a more sloped upstroke and slower 
return to baseline. Curves associated with a high cardiac output have a small area under the curve, with a steeper upstroke 
and a more rapid return to baseline. B: An irregular cardiac output curve can result from improper injection technique (eg, 
irregular or uneven emptying of the injectate syringe) and must be eliminated from the averaging process.

preload. The peak velocity (an indicator of myocar-
dial contractility) is determined from the amplitude 
of the waveform. The fl ow time (a refl ection of sys-
tolic ejection time and thus intravascular volume 
and changes in preload) is determined by measur-
ing the width of the base of the waveform. As fl ow 
from the left ventricle increases, the base widens. 
Conversely, hypovolemia causes the base of the 
waveform to narrow.

Upper thoracic
electrode sets

Lower thoracic
electrode sets

Inner sensors
measure impedance

Outer sensors
transmit current

F I G U R E  9 - 1 5  Placement of sensors in impedance cardiography. 
(Courtesy of Cardiodynamic International.)
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TA B L E  9 - 4 Additional Hemodynamic Parameters Obtained from Impedance Cardiography

Parameter Clinical Signifi cance Normal Values

Change in impedance/
time (dZ/dt)

Magnitude and rate of impedance change; direct 
refl ection of force of left ventricular contraction

0.8–2.5 Ohms/s

Velocity index (VI) Peak velocity of blood fl ow in the aorta; direct 
refl ection of force of left ventricular contraction

33–65/1000 s

Acceleration contractility 
index (ACI)

Initial acceleration of blood fl ow in the aorta; direct 
refl ection of myocardial contractility

Males: 70–150/100 s2

Females: 90–170/100 s2

Preejection period (PEP) Systolic time interval, measuring length of time for 
isovolumetric contraction

0.05–0.12 s

Ventricular ejection time 
(VET)

Systolic time interval, measuring length of time for 
left ventricular ejection

0.25–0.35 s (depends on heart rate, 
preload, and contractility)

Thoracic fl uid content 
status (Zo)

Base thoracic impedance and the electrical 
conductivity of the chest cavity (primarily 
determined by the intravascular, intra-alveolar, 
and interstitial fl uids in the thorax)

Lower values indicate greater thoracic fl uid 
volume.

Males, 20–30 ohms
Females, 25–35 ohms (Normal ranges 

may vary slightly depending on 
equipment used.)

Thoracic fl uid content 
(TFC)

The inverse of Zo (1/Zo × 1000)
Electrical conductivity of the chest cavity; 

refl ects intravascular, interstitial, alveolar, and 
intracellular fl uid

Higher values indicate greater thoracic fl uid 
volume

Males: 30–50/k ohms
Females: 21–37/k ohms (Normal ranges 

may vary slightly depending on 
equipment used.)

Aorta

Doppler probe

Esophagus

Heart

F I G U R E  9 - 1 6  Location of the EDM relative to the heart and descending aorta. (Courtesy of Deltex Medical, 
Inc.)

Evaluation of Oxygen Delivery and 
Demand Balance
When patients are critically ill, careful evaluation 
of the adequacy of oxygen delivery, oxygen extrac-
tion (removal of oxygen from hemoglobin for cel-
lular use), and oxygen consumption with respect to 
oxygen demand is paramount. If oxygen delivery 
and consumption are insuffi cient to meet oxygen 
demand, the result is hypoxia and the accumulation 
of an oxygen defi cit. Persistent oxygen defi cit causes 

cell and organ dysfunction and eventually leads to 
cell death and organ failure. Parameters used to 
evaluate oxygen delivery and demand balance are 
summarized in Table 9-5.

Arterial oxygen delivery (DaO2) is the amount 
of oxygen transported to the tissues. Arterial oxy-
gen delivery depends on cardiac output, hemo-
globin levels, and the arterial oxygen saturation 
(ie, the amount of oxygen bound to hemoglo-
bin). Defi ciencies of hemoglobin, arterial satura-
tion, or cardiac output decrease arterial oxygen 
delivery.
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TA B L E  9 - 5 Oxygen Utilization Variables

Parameter Defi nition Formula Normal Values

Arterial oxygen content (CaO2) The amount of oxygen carried 
by hemoglobin in a deciliter of 
arterial blood

(Hb × 1.37 × SaO2) + 
(0.003 × PaO2)

20 mL O2/dL

Venous oxygen content (CvO2) The amount of oxygen carried 
by hemoglobin in a deciliter of 
venous blood

(Hb × 1.37 × SvO2) + 
(0.003 × PvO2)

15 mL O2/dL

Arterial oxygen delivery 
index (DaO2I)

The amount of oxygen 
transported in the blood from 
the left ventricle through the 
arteries and capillaries to 
the tissues in 1 min, indexed 
to the patient’s body surface 
area (BSA)

CI × CaO2 × 10 500–600 mL O2/min/m2

Venous oxygen delivery index 
(DvO2I)

The amount of oxygen in the 
blood returned to the right 
ventricle from the tissues via 
the veins in 1 min, indexed to 
the patient’s BSA

CI × CvO2 × 10 375–450 mL O2/min/m2

Mixed venous oxygen 
saturation (SvO2)

The oxygen saturation of venous 
blood, measured in the 
pulmonary artery

Direct measurement 60%–80%

Central venous oxygen 
saturation (ScvO2)

The oxygen saturation of venous 
blood, measured in the 
superior vena cava

Direct measurement 65%–85%

Partial pressure of oxygen, 
venous blood (PvO2)

The amount of oxygen dissolved 
in the plasma of venous blood

Direct measurement 35–45 mm Hg

O2 extraction The amount of oxygen that is 
removed (extracted) from 
hemoglobin for use by the 
cells

CaO2 – CvO2 3–5 mL O2/dL

Oxygen extraction ratio (OER) The percent of oxygen delivered 
that is removed (extracted) 
from hemoglobin for use by 
the cells

 CaO2 – CvO2

CaO2

22%–30%

Oxygen consumption 
index (VO2I)

The amount of oxygen used 
by the cells every minute, 
indexed to the patient’s BSA

(CaO2 – CvO2) × CI × 10 120–170 mL/min/m2

Arterial pH (pHa) The acidity (pH) of arterial blood Direct measurement 7.35–7.45
Base excess/base defi cit 

(BE/BD)
The amount of base required to 

titrate 1 L of arterial blood to 
a pH of 7.40; decreases with 
metabolic acidosis

Direct measurement −2 to +2

Lactate A metabolic byproduct of the 
Krebs cycle that increases 
with anaerobic metabolism

Direct measurement 0.5–2.2 mmol/L

Oxygen consumption (VO2) is the amount of 
oxygen used by the cells of the body. The primary 
determinants of oxygen consumption are oxygen 
demand, oxygen delivery, and oxygen extraction.

• Oxygen demand (the cells’ requirement for oxy-
gen) is not directly measurable. Stressors (eg, 
surgery, infection, pain) increase oxygen demand. 
Factors that decrease the metabolic rate (eg, hypo-
thermia, sedation, pharmacological paralysis) 
reduce oxygen demand.

• Oxygen delivery also infl uences oxygen consump-
tion (Fig. 9-17). If oxygen delivery is inadequate, as 
the oxygen delivery decreases, oxygen consumption 

increases to meet the existing oxygen demand (ie, 
oxygen consumption becomes supply dependent). 
When the requirement for oxygen is met, further 
increases in oxygen delivery do not increase con-
sumption (ie, oxygen consumption is now supply 
independent). The point of critical oxygen delivery 
is the point at which oxygen delivery is suffi cient to 
meet the oxygen demand and oxygen consumption 
does not increase further. The goal in critical care 
is for the patient to become supply independent, 
thus ensuring adequate oxygen delivery.

• Oxygen extraction is equal to the arterial oxy-
gen content (CaO2) minus the venous oxygen 
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Venous Oxygen Saturation
The venous oxygen saturation is used to evaluate the 
global balance of oxygen supply and oxygen consump-
tion (oxygen demand). Mixed venous oxygen saturation 
(SvO2) is measured using a PAC and refl ects the level of 
saturated hemoglobin in venous blood returning to the 
right ventricle and pulmonary artery. Alternatively, the 
venous oxygen saturation (ScvO2) can be measured in 
the superior vena cava through a central venous cath-
eter. (The values obtained using a central venous cath-
eter are slightly higher than normal because the blood 
sampled does not represent a “true” mixed venous 
saturation). Either a decrease in oxygen delivery or an 
increase in oxygen consumption (oxygen demand) can 
decrease the amount of oxygen returning to the right 
side of heart, due to greater tissue extraction of oxygen.

Specialized central venous catheters or PACs 
containing fi beroptic fi laments facilitate continu-
ous measurement of venous oxygen saturation. The 
fi beroptic fi laments emit infrared light that refl ects 
off red blood cells that are saturated with oxygen. 
The computer calculates the percentage of saturated 
hemoglobin compared with the total hemoglobin to 
yield the venous saturation value and updates the 
information every few seconds.

A low venous oxygen saturation is an early warn-
ing that oxygen delivery is inadequate or oxygen 
demand is high. The nurse assesses the components 
of oxygen delivery (ie, cardiac output, hemoglobin, 
and arterial oxygen saturation) and for any increase 
in oxygen demand (eg, shivering, pain).

A high venous oxygen saturation may be the 
result of

• Oxygen delivery that is much greater than oxygen 
demand

• A low metabolic rate and oxygen demand (eg, 
hypothermia, anesthesia)

• Pathological conditions (eg, sepsis) in which cells 
cannot extract oxygen from the blood or in which 
tissue beds are not well perfused with oxygenated 
blood (ie, oxygen is not extracted from the blood 
despite the cellular oxygen demand)

Venous oxygen saturation monitoring may be a helpful 
guide in nursing interventions. For example, endotra-
cheal suctioning may cause a temporary decrease in 
arterial oxygenation and increase discomfort and anxi-
ety (leading to increased oxygen demand). Monitoring 
the venous oxygen saturation allows the nurse to judge 
the impact of this activity on the patient’s oxygen sup-
ply and demand and take appropriate measures (eg, 
hyperoxygenating and hyperventilating before suc-
tioning) to mitigate the negative effects of the interven-
tion on oxygen supply and demand.

Evaluation of Regional Tissue 
Oxygenation Status
Gastric tonometry and sublingual capnometry are 
used to evaluate perfusion of specifi c tissue beds 
that have early susceptibility to hypoperfusion.

Point of critical
oxygen delivery

Oxygen delivery

Oxygen
consumption

F I G U R E  9 - 1 7  Delivery-dependent oxygen consumption curve. At 
the point of critical oxygen delivery, oxygen delivery is suffi cient to 
meet oxygen demand, and oxygen consumption becomes supply 
independent.

content (CvO2). Like the arterial oxygen content, 
the venous oxygen content is determined primar-
ily by the amount of hemoglobin that is saturated 
with oxygen. Normally, provided that oxygen is 
supplied in adequate amounts, the cells extract 
the oxygen they need to support tissue and organ 
function. Increased demand for oxygen results in 
a compensatory increase in oxygen extraction, as 
more oxygen is “unloaded” from the hemoglobin 
for cellular use. The decreased amount of oxygen 
in venous blood means that the CaO2 – CvO2 dif-
ference is larger. Conversely, as oxygen demands 
decrease, less oxygen is required and extracted 
from the blood, and the CaO2 – CvO2 difference 
becomes smaller.

An imbalance of oxygen supply and demand occurs 
whenever oxygen delivery is inadequate to meet cel-
lular demand or the cells are unable to extract suf-
fi cient quantities of oxygen. Threats to the balance 
of oxygen supply and demand include

• Decreased cardiac output, hemoglobin, or arterial 
saturation

• Impaired cellular extraction of oxygen
• Oxygen demands so great that they cannot be met 

by increased oxygen delivery or extraction

Evaluation of Global Tissue Oxygenation 
Status
Metabolic Indicators
Inadequate oxygen delivery to meet oxygen 
demands results in anaerobic metabolism and cel-
lular hypoxia. During anaerobic metabolism, lactic 
acid is produced and begins to accumulate, causing 
metabolic acidosis. Therefore, laboratory measure-
ment of lactate levels, serum pH, and base excess/
base defi cit (BE/BD) are means to evaluate oxygen 
defi cit. Elevated lactate levels or metabolic acidosis 
correlate with oxygen defi cit, particularly when the 
patient has a low or normal level of oxygen delivery 
and oxygen consumption. Lactate levels, pH, and 
BE/BD should always be viewed in conjunction with 
other assessment parameters.
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• Gastric tonometry. In early shock or shock states, 
a compensatory mechanism occurs in which 
blood fl ow is diverted from the nonvital organs 
(gastrointestinal tract) to vital organs, causing 
underperfusion of the gastric mucosa and upper 
gastrointestinal tract. Anaerobic metabolism pro-
duces increased amounts of carbon dioxide and 
lactate; thus, measuring the carbon dioxide level or 
pH of these tissue beds provides an early indicator 
of oxygen supply and demand mismatch. In gastric 
tonometry, a nasogastric tube with a gas-permeable 
balloon near the distal end is used to measure the 
partial pressure of carbon dioxide (PCO2) and cal-
culate the pH of the gastric mucosa. Decreasing 
gastric mucosal pH or an increasing gastric PCO2 
out of the normal range suggests hypoperfusion 
and is an indication that oxygen delivery and con-
sumption should be analyzed and optimized.5

• Sublingual capnometry. In sublingual capnometry, a 
thermometer-like device is placed under the tongue 
to measure the PCO2. Sublingual capnometry is 
based on the same physiological principles as gastric 
tonometry. Blood fl ow to the area under the tongue 
is reduced in response to shock or hemorrhage. 

C A S E  S T U D Y

Ms. J., a 68-year-old woman, collapsed in her 
garden. She was subsequently admitted to the coro-
nary care unit. She has a 10-year history of coronary 
artery disease and is taking propranolol, digoxin, and 
nitroglycerin ointment. On admission, she appears 
pale, diaphoretic, lethargic, and disoriented. Heart 
sounds S1, S2, S3, and S4 are audible. Her ECG 
shows second-degree atrioventricular block (Mobitz 
type II), premature ventricular contractions (PVCs), 
and ST segment elevation in leads V3, V4, and aVL. 
Vital signs are HR, 90 beats/min; BP, 90/50 mm Hg; 
and RR, 24 breaths/min. ABGs are PaO2, 73 mm Hg; 
PaCO2, 25 mm Hg; SaO2, 96%; and pH, 7.35.

Initial interventions include control of anginal 
pain, supplemental oxygen, and amiodarone infu-
sion. Because of Ms. J.’s age and history, a pulmo-
nary artery catheter (PAC) is inserted. One hour 
after admission, the following hemodynamic data 
are obtained: RAP, 10 mm Hg; pulmonary artery 
systolic/diastolic pressure, 35/20 mm Hg; PAOP, 19 
mm Hg; cardiac index (CI), 1.3 L/min/m2; systemic 
vascular resistance (SVR), 1688 d/s/cm−5; mixed 
venous oxygen saturation, 48%.

Interventions to improve Ms. J.’s cardiac function 
and organ perfusion include amiodarone, nitroglyc-
erin infusion at 10 μg/min, dobutamine infusion at 
7 μg/min, morphine for pain, IV, PRN; oxygen, 4 L/
min by nasal cannula; intra-aortic balloon counter-
pulsation, 1:1; and external pacemaker with standby 
for pacemaker insertion. Therapeutic goals are 
stabilized cardiac conduction, enhanced myocardial 
contractility at the least cost to the heart by reducing 

preload and afterload, and improved oxygen supply 
to the myocardium. The combination of drugs and 
supplemental oxygen serves to achieve these goals. 
Intra-aortic balloon pumping primarily decreases 
afterload but also augments coronary perfusion.

Several hours later, assessment shows that 
Ms. J. is still pale but has improved capillary refi ll 
and is oriented to person, place, and time. Audible 
heart sounds are S1, S2, and S4. The ECG shows 
rare PVCs with ST elevation and T inversion in 
leads V3, V4, and aVL. Vital signs are HR, 85 beats/
min; BP, 100/50 mm Hg; RR, 18 breaths/min. ABGs 
are PaO2, 138 mm Hg; PaCO2, 31 mm Hg; SaO2, 
99%; and pH, 7.44. At this time, hemodynamic 
data are RAP, 9 mm Hg; pulmonary artery systolic/
diastolic pressure, 33/17 mm Hg; PAOP, 15 mm Hg; 
cardiac index, 2.6 L/min/m2; SVR, 1014 d/s/cm−5; 
and mixed venous oxygen saturation, 60%.

The results of the interventions are improved left 
ventricular function, which reduced the backward 
failure; loss of S3; and improved arterial oxygen-
ation. The Mobitz II conduction defect resolves as 
coronary perfusion increases. The metabolic aci-
dosis also appears to be resolving due to improved 
oxygen delivery to the organs as evidenced by 
normalization of both the PaCO2 and pH.

1. What are the main concerns associated with the 
initial assessment fi ndings?

2. What is the signifi cance of the fi rst set of hemo-
dynamic data?

3. How did the interventions affect Ms. J.’s hemody-
namic status and oxygen delivery?
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Airway Management
Artifi cial Airways
Artifi cial airways are used to:

• Establish an airway
• Protect the airway
• Facilitate airway clearance
• Facilitate mechanical ventilation

Oropharyngeal Airway
An oropharyngeal airway is a hard plastic device that 
is inserted through the mouth and extends to the 
pharynx to prevent the tongue from occluding 
the airway when muscle tone is decreased.

RED FLAG! An oropharyngeal airway is never 
placed in a conscious patient because it stimulates 
the gag refl ex and can cause vomiting and aspiration.

The oropharyngeal airway is inserted by holding 
down the tongue with a depressor and guiding the 
airway over the back of the tongue. Alternatively, the 
airway can be inserted with the opening of the curve 

facing the roof of the mouth, and gently advanced 
into the correct position by rotating the airway 180 
degrees (Fig. 10-1). Following insertion of the oro-
pharyngeal airway, the nurse monitors the patient 
frequently for airway patency by listening to breath 
sounds and observing chest wall movement and pro-
vides oropharyngeal suction as needed for emesis or 
oral secretions. To remove an oropharyngeal airway, 
the oropharynx is suctioned, and the airway is gen-
tly removed.

Nasopharyngeal Airway
A nasopharyngeal airway (nasal trumpet) is a fl ex-
ible tube that is inserted nasally past the base of the 
tongue to maintain airway patency. Awake patients 
with an intact gag refl ex may tolerate a nasopharyn-
geal airway better than an oropharyngeal airway.1

In patients who require frequent nasotracheal suc-
tioning, nasopharyngeal airways are used to prevent 
the discomfort and airway trauma that can result 
from repeated introduction of the suction catheter 
through the nares.

A nasopharyngeal airway that is too long will 
extend into the patient’s trachea. To measure 

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe nursing care for a patient with an oropharyngeal airway, 
nasopharyngeal airway, endotracheal tube, or tracheostomy tube.

2 Describe proper suctioning technique and indications for suctioning.
3 Compare and contrast commonly used ventilator modes.
4 Describe nursing care for a patient receiving mechanical ventilation.
5 Describe general principles of weaning.

Airway Management and 
Ventilatory Support10

C H A P T E R
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nares. It is important to be prepared for the possibil-
ity of epistaxis following removal.

Endotracheal Tube
An endotracheal tube is a semi-rigid tube that is 
inserted through the nose or mouth and extends into 
the trachea (Fig 10-3). Advantages and disadvantages 
of oral and nasal placement are summarized in Table 
10-1. An endotracheal tube is often indicated when 
it is necessary to obtain an airway or protect the air-
way from aspiration; endotracheal tubes come with 
a cuff, which is infl ated to secure the airway in place 
and prevent aspiration. Endotracheal tubes are also 
frequently used for patients who require mechanical 
ventilation.

Endotracheal intubation is performed by per-
sonnel who have received advanced training in 
the procedure. Before the procedure, the nurse 
assembles the necessary equipment (Box 10-1) 
and confirms that the equipment and suction is 
working properly. Using a manual resuscitation 
bag (MRB) and mask, the nurse preoxygenates 

length, the nurse holds the airway alongside the 
patient’s face. The airway should extend from 
the tip of the nose to the earlobe (Fig. 10-2). The 
airway with the largest outer diameter that fi ts 
the patient’s nostril should be used to facilitate 
suctioning.

Because the nasopharyngeal airway increases 
the patient’s risk for epistaxis, the patient’s history 
of epistaxis or coagulopathy is carefully reviewed 
before placing the airway. The nurse explains the 
procedure to the patient and lubricates the airway 
with water-soluble jelly or lidocaine jelly to alle-
viate discomfort. The airway is inserted into the 
nostril, pointing it down, toward the back of the 
throat. Once the airway is positioned, the patient 
is asked to exhale with the mouth closed. If the 
tube is in the correct position, air will be felt exit-
ing from the tube opening. The proper positioning 
can also be confi rmed visually, by depressing the 
tongue and looking for the airway’s tip just behind 
the uvula.

During removal, the nasopharyngeal airway may 
have to be gently rotated to withdraw it from the 

F I G U R E  1 0 - 2  Sizing and positioning of the nasopharyngeal airway.

F I G U R E  1 0 - 1  Sizing and positioning of the oropharyngeal airway.
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25 mm Hg). Underinfl ation of the cuff puts the patient 
at risk for aspiration, whereas overinfl ation can 
place excess pressure on the tracheal wall mucosa, 
leading to complications such as tracheal erosion 
and eventually stenosis. A manometer attached to 
the endotracheal tube pilot balloon allows mea-
surement of the cuff pressure. Alternatively, the 
minimal occluding volume can be determined by 
infl ating the cuff slowly while auscultating over the 
trachea. When the harsh “squeak” of air escaping 
is no longer audible, the minimal occluding vol-
ume has been reached, and the tube cuff is occlud-
ing the airway without excessive pressure on the 
trachea.

To prevent tube movement, tube migration, or 
inadvertent extubation, the endotracheal tube must 
be anchored securely with a tube holder. Proper 
tube placement is determined by auscultation and 

the patient. The physician may use topical anes-
thetics, sedatives, short-acting IV anesthet-
ics, or a short-acting neuromuscular blocking 
(NMB) agent to facilitate rapid and nontraumatic 
intubation.

The nurse assists during intubation by pro-
viding suction as necessary and monitoring the 
patient’s heart rate, blood pressure, and arterial 
oxygen saturation (SaO2) using pulse oximetry. 
Intubation attempts must be held and the patient 
oxygenated with the MRB if the SaO2 falls below 
90%. Oxygenation and ventilation with the MRB 
are also performed between intubation attempts. 
Hypoxemia during intubation may cause bra-
dycardia, hypotension, dysrhythmias, and other 
complications.

After placement of the endotracheal tube, the 
cuff is infl ated with air to the proper pressure (20 to 

Pharynx

TracheaEndotracheal tube

Esophagus

F I G U R E  1 0 - 3  Positioning of the endotracheal tube.

Placement Advantages Disadvantages

Nasal Patient comfort
Prevents tube obstruction from biting
Easily anchored and reduced risk for 

extubation
Oral hygiene more effective
Appropriate for use in patients with 

cervical spine injuries
Improved ability for communication

Can kink and obstruct airway
Predisposes to acute sinusitis, which may result in septic 

states
Epistaxis and pressure necrosis of the nares can develop
High risk for shearing off nasal polyps in patients with 

asthma
Tube size usually limited to 6.0–6.5, which increases 

airway resistance
Can penetrate into the brain through the basilar skull 

fracture
Oral Less trauma during intubation

Permits use of a larger endotracheal 
tube (less airway resistance)

Avoids nasal/sinus complications

Uncomfortable for patient
Pressure sores can develop on lips, gums, and tongue
Easily obstructed by biting, necessitates a bite block
Tube, bite block, and tube-securing devices complicate 

oral hygiene
More diffi cult to secure, making self-extubation easier
Makes communication more diffi cult

TA B L E  1 0 - 1 Nasal Versus Oral Endotracheal Tube Placement

B O X  1 0 - 1   Equipment for Endotracheal 
Intubation

• Laryngoscope with blades and functioning bulbs
• Suction setup with Yankauer suction
• Correct size endotracheal tube (usually 6.0 to 8.0 in 

adults) with stylet
• 10-mL syringe for cuff infl ation
• Commercial endotracheal tube holder
• Magill forceps (may be used with nasal intubation)
• Pulse oximeter
• Oxygen source
• Manual resuscitation bag with mask
• End-tidal carbon dioxide monitor or disposable 

detector
• Sedation and paralytic medication (if indicated)
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the nurse orients the patient to the need for the 
endotracheal tube and takes measures to ensure the 
patient’s comfort. If these measures are not effec-
tive, the physician may order physical or pharmaco-
logical restraints.

RED FLAG! If a patient is unintentionally extubated 
for any reason, the airway must be assessed 
immediately and kept patent. Oxygenation and 
ventilation may be provided, if required, with an 
MRB and mask until reintubation can be 
accomplished.

Ongoing care of the patient with an endotra-
cheal tube includes replacing the tube holder when 
it is soiled or becomes insecure. In orally intubated 
patients, the position of the endotracheal tube is 
changed from side to side to facilitate oral care and 
to prevent areas of pressure necrosis on the lips, 
mouth, and tongue.2 Before resecuring the tube, 
the nurse verifi es proper positioning by comparing 
the centimeter markings at the lips, teeth, or nostril 
with the last radiological documentation of position. 
Placement of a short oral bite block can prevent bit-
ing on the tube, which can cause tube occlusion. 
Proper oral care and regular inspection of the oral 
mucosa are of paramount importance when a bite 
block is used.

Before extubation, the patient must be able to 
maintain his own airway, as evidenced by an appro-
priate level of consciousness and the presence of 
cough and gag refl exes. In all patients, but especially 
in those with a history of diffi cult intubation or 
reactive airway disease, the cuff-leak test should be 
performed before extubation. After suctioning the 
orpharynx, the tube cuff is defl ated and the endo-
tracheal tube is briefl y occluded to demonstrate 
an air leak around the tube with patient inspira-
tion. Absence of a leak can indicate edema and may 
predict laryngeal stridor or loss of the airway after 
extubation. If the cuff-leak test fails, the patient may 
be given corticosteroids to reduce edema for 24 to 
48 hours and then reassessed using the cuff-leak test. 
In addition, the trachea may be directly visualized 
with a bronchoscope before extubation to  verify that 
the edema has resolved.

Extubation should never occur unless a qualifi ed 
person is available to reintubate emergently if the 
patient does not tolerate extubation. An MRB and 
mask are kept readily available at the bedside. After 
explaining the procedure and preparing the patient, 
the nurse suctions the endotracheal tube and pos-
terior oropharynx, loosens the endotracheal tube 
holder, and defl ates the cuff. The endotracheal tube 
is removed quickly while having the patient cough. 
The patient’s mouth is suctioned, and humidifi ed 
oxygen is applied immediately. The patient is eval-
uated for immediate signs of distress (eg, stridor, 
dyspnea, a decrease in SaO2). If signs of distress are 
present, racemic epinephrine and 100% FiO2 may be 
administered. If these interventions fail, immediate 
reintubation may be necessary.

carbon dioxide monitoring and then confi rmed with 
a chest radiograph:

• Auscultation. The nurse auscultates the chest bilat-
erally for equal breath sounds and the abdomen for 
evidence of esophageal intubation. Unequal breath 
sounds (greater on the right than on the left) indi-
cate that the tube has been displaced into the right 
mainstem bronchus. The ability to auscultate air 
in the abdomen suggests esophageal, rather than 
tracheal, intubation.

• Carbon dioxide monitoring. An absence of car-
bon dioxide (detected using an end-tidal carbon 
dioxide monitor or disposable detector) suggests 
esophageal, rather than tracheal, intubation.

• Chest radiograph. A chest radiograph provides 
defi nitive confi rmation of the tube’s position. The 
endotracheal tube should be 2 to 3 cm above the 
carina.

RED FLAG! Persistent coughing may be a sign of 
downward displacement of the endotracheal tube.

Once proper positioning is confi rmed and the 
endotracheal tube is secured, the centimeter mark is 
noted at the lips or teeth (for an orally placed tube) 
or nostril (for a nasally placed tube). Noting the 
level of the tube facilitates ongoing assessment of 
the tube’s position. Displacement of the tube could 
result in either right mainstem bronchus placement 
with left lung collapse or self-extubation.

Complications of endotracheal intubation are 
listed in Box 10-2. The nurse auscultates breath 
sounds for equality at least once every 4 hours, 
obtains a chest radiograph to assess tube placement 
every 24 hours, and monitors the cuff pressure with 
the manometer or minimal cuff leak technique every 
6 to 8 hours. To prevent unintentional extubation, 

B O X  1 0 - 2   Complications of Endotracheal 
Intubation

• Laryngospasm or bronchospasm
• Hypoxemia or hypercapnia during intubation
• Dysrhythmias, hypertension, or hypotension during 

intubation
• Laryngeal edema resulting in stridor with extubation
• Trauma to the nasal cavity, oral cavity, esophagus, 

trachea, or larynx
• Fractured teeth
• Nosocomial infection (pneumonia, sinusitis, abscess)
• Right mainstem bronchus or esophageal intubation
• Aspiration of oral or gastric contents
• Tracheal stenosis or tracheomalacia (collapse of the 

walls of the trachea)
• Laryngeal stenosis, paralysis, or necrosis
• Tracheoesophageal fi stula
• Rupture of the innominate artery
• Vocal cord paralysis
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in Box 10-4. Complications of tracheostomy are 
listed in Box 10-5.

Initially, the tracheostomy tube is sutured to the 
neck in both surgical and percutaneous procedures. 
The sutures are removed after 48 to 72 hours. The 
tracheostomy tube is secured at all times with twill 
tape or a tracheostomy tube holder, even with the 
sutures in place, to prevent accidental dislodgment 
(decannulation). If decannulation occurs within the 
fi rst 7 days of tracheostomy insertion (before a tract 
is formed in the tissue), the patient may be intubated 
with an endotracheal tube if emergent tracheostomy 
tube replacement cannot be done safely. If inadver-
tent decannulation occurs after a tract has devel-
oped, the tracheostomy tube is carefully replaced 
through the stoma. An obturator and a new, appro-
priately sized tracheostomy tube are kept at the bed-
side for this purpose.

The routine care of tracheostomies, which 
includes cleaning the tracheostomy site every 8 to 

Tracheostomy
A tracheostomy tube is inserted directly into 
the  trachea through a stoma made in the neck. 
Advantages of a tracheostomy tube over an endo-
tracheal tube include improved patient comfort, an 
improved ability to communicate, and the possibil-
ity for oral feeding. In patients requiring long-term 
mechanical ventilation, the tracheostomy tube is 
the preferred method of airway management to 
prevent tracheal complications and improve suc-
tioning of secretions (Fig. 10-4). Current practice 
promotes early tracheostomy (eg, after 7 to 10 days 
on the ventilator) to facilitate earlier weaning.3,4 
Indications for tracheostomy are summarized in 
Box 10-3.

A tracheostomy may be performed in the oper-
ating room or at the bedside, using a percutaneous 
progressive dilatation technique. Percutaneous 
tracheostomy performed at the bedside is associ-
ated with less morbidity than the standard pro-
cedure performed in the operating room.4 The 
equipment used for tracheostomy is summarized 

B O X  1 0 - 3   Indications for Tracheostomy

• Long-term ventilation
• Upper airway obstruction
• Airway edema
• Failed or multiple intubation(s)
• Complications of endotracheal tube intubation
• Absence of protective refl exes
• Conditions in which endotracheal tube intubation is 

not possible (eg, facial trauma, cervical fractures)
• Desire for improved patient comfort or 

communication
• Long term management of airway and secretions

B O X  1 0 - 4   Equipment for Tracheostomy

• Tracheostomy kit, either percutaneous or surgical
• Surgical drapes, towels, gowns, gloves and sutures, 

prep equipment, and antiseptic application or 
solution

• Suction setup
• Correct size tracheostomy tube (usually 8.0 in 

adults)
• 10-mL syringe for cuff infl ation
• Twill tape, or Velcro tracheostomy holder
• Pulse oximeter
• Oxygen source
• Manual resuscitation bag with mask
• End-tidal carbon dioxide monitor or disposable 

detector
• Sedation analgesic and paralytic medication
• Bronchoscopy cart (visualize correct placement for 

percutaneous approach)

B O X  1 0 - 5   Complications of Tracheostomy

• Acute hemorrhage at the site
• Air embolism
• Aspiration
• Tracheal stenosis
• Erosion into the innominate artery with 

exsanguinations
• Laryngeal nerve damage
• Pneumothorax
• Subcutaneous and mediastinal emphysema
• Swallowing dysfunction
• Tracheoesophageal fi stula
• Infection
• Accidental decannulation with loss of airway
• Weak voice and hoarseness

Cuff

Obturator

Inner
cannula

Outer cannula

Tube to
inflate cuff

F I G U R E  1 0 - 4  Tracheostomy tube and obturator.
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Nasotracheal Suctioning
Nasotracheal suctioning is done as a sterile proce-
dure by the nurse or respiratory therapist. A fl exible 
red rubber suction catheter is lubricated and passed 
through the nostril or nasopharyngeal tube to the 
back of the nasopharynx. Asking the patient to 
cough opens the epiglottis, facilitating advancement 
of the catheter. A change in the sound of the cough 
and the return of sputum with suctioning indicates 
passage into the tracheal tree.

Endotracheal and Tracheostomy Suctioning
The presence of the artifi cial airway prevents glot-
tic closure. As a result, the patient is unable to use 
the normal clearing mechanism (ie, effective cough-
ing). In addition, the artifi cial airway is a foreign 
object, which increases the production of secretions. 
Suctioning is required to remove secretions and 
maintain airway patency. In-line suction catheters 
(Fig. 10-5), which remain connected to the artifi -
cial airway and ventilator circuit, are recommended 
for use in all intubated and ventilated patients. 
Subglottic suctioning catheters (continuous and 
intermittent) are also frequently used to prevent the 
subglottic accumulation of secretions that may lead 
to aspiration.

Suctioning is not without risks (Box 10-6) and 
should be done only when needed. Indications for 
suctioning include visualization of secretions in the 
artifi cial airway; the presence of crackles, rhonchi, 
mucus plugs, or coughing; an increase in the peak 
airway pressure or a decrease in tidal volume dur-
ing pressure ventilation; and deterioration of the 
patient’s oxygenation status (ie, decreased SaO2). 
The sterile procedure for endotracheal or tracheos-
tomy suctioning (based on the Centers for Disease 
Control and Prevention  recommendations) is given 
in Box 10-7.

RED FLAG! The routine instillation of normal 
saline to facilitate removal of thick secretions 
is not recommended. Saline instillation causes 
oxygenation to decrease and may predispose 
patients to nosocomial infection by transporting 
bacteria to lower airways.6

12 hours and as needed and cleaning or replacing 
the inner cannula daily or according to facility pol-
icy, is performed as a sterile procedure while in the 
hospital.5 The stoma is cleansed with half-strength 
hydrogen peroxide, followed by rinse with sterile 
saline, and observed for wound healing, bleeding, 
and signs of infection. Longer care intervals (eg, 
daily or as needed) usually are instituted after 7 to 
10 days or when secretion and tracheostomy drain-
age are minimal. Tracheostomy care also includes 
frequent changing of the tracheal ties and dressing, 
although initially the ties are not changed until at 
least 24 to 48 hours after placement to allow for 
hemostasis of the site. The ties should be tied so 
that one to two fi ngers can be inserted between the 
ties and the skin. This amount of slack minimizes 
movement of the tracheostomy tube while main-
taining the patient’s comfort. The midline position 
of the tracheostomy tube must be maintained to 
prevent pressure on the surrounding tissue, which 
can result in erosion.

Prior to removing the trachesotomy tube, the tra-
cheostomy tube may be capped and the cuff defl ated 
for 24 to 48 hours. The patient’s ability to breathe 
and speak around the tracheostomy tube is the fi nal 
test to ensure airway patency.

Suctioning
Oral Suctioning
Oral suctioning is important when the patient’s tra-
chea is intubated because the patient’s ability to 
swallow can be limited. The nurse performs oral 
suctioning as needed for copious oral secretions 
and after suctioning the artifi cial airway. Removal of 
posterior oropharyngeal secretions with subglottic 
suctioning minimizes the buildup of oral secretions 
on top of the endotracheal tube cuff and reduces the 
risk for aspiration and ventilator-associated pneu-
monia (VAP).

T-piece

Ventilator
circuit

Suction catheter

Catheter sleeve

F I G U R E  1 0 - 5  An in-line suction catheter.

B O X  1 0 - 6   Complications of Suctioning

• Hypoxemia
• Dysrhythmias
• Vagal stimulation leading to bradycardia and 

hypotension
• Bronchospasm
• Elevated intracranial pressure
• Atelectasis
• Tracheal mucosal trauma and bleeding
• Nosocomial infection
• Discomfort
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B O X  1 0 - 7   Endotracheal and Tracheostomy 
Suctioning

Equipment
Sterile suction catheter sized for either endotracheal 

tube or tracheostomy
Sterile gloves
Sterile normal saline for irrigation, only when 

indicated
Sterile disposable container

Technique
1. Prepare for the procedure: Administer medica-

tion, assemble equipment, explain the procedure 
to the patient, adjust the bed to a comfortable 
working position, prepare suction pressure, wash 
hands, prepare and open equipment and supplies, 
and don gloves.

2. Hyperoxygenate the patient with 100% oxygen 
with the ventilator. Preoxygenate must last at least 
2 minutes. Return to the previous oxygen setting 
after suctioning is completed and an in-line suc-
tioning should be used to avoid loss of PEEP and 
desaturation.

3. Quickly but gently, insert the catheter as far as 
possible into the artifi cial airway without applying 
suction. For tracheostomy patients, limit the dis-
tance to just beyond the end of the tracheostomy 
device.

4. Withdraw the catheter 1 to 2 cm, and apply inter-
mittent suction while rotating and removing the 
 catheter. Limit suction pressure to 80 to 120 mm 
Hg. Each suctioning attempt should not exceed 
10 to 15 seconds (3 to 5 seconds for patients with a 
tracheostomy tube). Prolonged suctioning can lead 
to severe hypoxemia, hemodynamic instability, and 
cardiac arrest.

5. Monitor the patient’s heart rate and rhythm and 
pulse oximetry values during and after suctioning. 
Discontinue the procedure if the patient does not 
tolerate it, as evidenced by dysrhythmias, bradycar-
dia, or a drop in arterial oxygen saturation (SaO

2).
6. Remove equipment.
7. Provide oral hygiene. Cleanse suction tubing with 

a saline rinse to fl ush secretions into the suction 
container.

8. Complete the procedure: Wash your hands and 
document.

Ventilatory Support
Manual Ventilation
An MRB (Ambu bag, bag-valve-mask device) con-
nected to an oxygen source is typically used in 
emergencies (eg, unintential extubation, acute 
respiratory failure). In situations such as cardiopul-
monary resuscitation (CPR) where a high concen-
tration of oxygen (eg, 74% to 100%) is required, an 
MRB with a reservoir must be used.

EVIDENCE-BASED PRACTICE GUIDELINES:
 Endotracheal Suctioning of Mechanically 
Ventilated Patients

PROBLEM: Although necessary for patients with artificial 
airways, endotracheal suctioning is associated with 
substantial risks. Clinicians must be aware of the risks 
and take appropriate precautions to ensure patient 
safety.

EVIDENCE-BASED PRACTICE GUIDELINES

1. Perform endotracheal suctioning only when secretions 
are present, not routinely. (recommended)

2. Consider pre-oxygenation if the patient has a clinically 
important reduction in oxygen saturation with suctioning. 
(suggested)

3. Perform suctioning without disconnecting the patient from 
the ventilator. (suggested)

4. Use shallow, rather than deep, suction. (suggested)
5. Do not routinely instill normal saline prior to endotracheal 

suctioning. (suggested)
6. Use closed suction for patients with high FiO2 or positive 

end-expiratory pressure (PEEP) and those who are at 
risk for lung derecruitment. (suggested)

7. If suctioning-induced lung derecruitment occurs in 
patients with acute lung injury, avoid disconnection and 
use lung recruitment maneuvers. (suggested)

8. In adults, use a suction catheter that occludes less than 
50% the lumen of the endotracheal tube. (suggested)

9. Limit the duration of the suctioning event to less than 15 
seconds. (suggested)

 ■ These clinical practice guidelines, developed by the American Associa-
tion for Respiratory Care Clinical Practice Guidelines Steering Committee, 
are based on an electronic literature search between January 1990 and 
October 2009 and include a review of 114 clinical trials, 62 reviews, and 6 
meta-analyses on endotracheal suctioning. Recommendations are graded 
according to the Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE) criteria.

 ■ Published in Respiratory Care 55(6):758–764, 2010.

When operating an MRB:

• The force of squeezing the bag determines the 
tidal volume delivered to the patient.

• The number of hand squeezes per minute deter-
mines the assisted respiratory rate.

• The force and rate that the bag is squeezed deter-
mine the peak fl ow.

Breaths delivered to a conscious patient must be 
timed to coincide with spontaneous inspiratory 
effort, or the discomfort of dyssynchronous breath-
ing will create anxiety and resistance to ventilation. 
It is also important to allow time for complete exha-
lation between breaths to prevent air trapping in 
the lungs, which can cause hypotension and lung 
injury.

While using the MRB, the nurse carefully 
observes the patient’s chest rise to ensure proper 
ventilation. In addition, the nurse monitors for 
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the development of abdominal distention, which 
is an indication of esophageal intubation. If a 
patient becomes progressively more diffi cult to 
ventilate using an MRB, conditions associated 
with decreased lung compliance (eg, an increase 
in secretions, pneumothorax, worsening broncho-
spasms) must be considered.

Mechanical Ventilation
When a patient is unable to maintain a patent air-
way, adequate gas exchange, or both, despite aggres-
sive pulmonary management, more invasive support 
with intubation and mechanical ventilation must be 
considered. This step carries its own risks (Box 10-8) 
and imposes signifi cant physical and psychological 
burdens on the patient and family. Every effort is 
made to avoid intubation and mechanical ventila-
tion, but it becomes necessary when respiratory 
distress becomes respiratory failure. Respiratory 
failure is defi ned as the inability to maintain ade-
quate respiration, as measured by an arterial blood 
pH less than 7.25, an arterial carbon dioxide level 
(PaCO2) greater than 50 mm Hg, and an arterial 
 oxygen level (PaO2) less than 50 mm Hg (even with 
the patient on oxygen).

The goal of mechanical ventilation is to maintain 
alveolar ventilation appropriate for the patient’s 
metabolic needs and to correct hypoxemia and max-
imize oxygen transport. Desired clinical outcomes 
of mechanical ventilation may include:

• Reversal of hypoxemia
• Reversal of acute respiratory acidosis

• Relief of respiratory distress
• Prevention or reversal of atelectasis
• Resting of ventilatory muscles
• Reduction in systemic oxygen consumption, myo-

cardial oxygen consumption, or both
• Stabilization of the chest wall

Overview of Mechanical Ventilation
Ventilators are classifi ed as either negative-pressure 
or positive-pressure ventilators. Negative-pressure 
ventilators encase the patient’s body and exert nega-
tive pressure that pulls the thoracic cage outward 
to initiate inspiration. In current clinical practice, 
use of negative-pressure ventilators is limited. 
Positive-pressure ventilators, which are much more 
commonly used, deliver air by pumping it into 
the patient’s lungs. With positive-pressure ventila-
tion, the normal relationship between intrapulmo-
nary pressures during inspiration and expiration is 
reversed (ie, pressures during inspiration are posi-
tive and pressures during expiration are negative).

RED FLAG! Using positive pressure ventilation, 
intrathoracic pressures are increased causing venous 
return to decrease. As a result, patients with 
conditions associated with decreased sympathetic
response (eg, hypovolemia, sepsis, heart disease,
advanced age) may develop hypotension during 
positive pressure ventilation.

There are three major modes of positive-pressure 
ventilation:

• Volume ventilation. With volume ventilation, a 
designated volume of air (tidal volume) is deliv-
ered with each breath. Volume ventilation is com-
monly used in critical care settings.

• Pressure ventilation. With pressure ventilation, 
a selected gas pressure is delivered to the patient 
and sustained throughout the phase of ventilation.

• High-frequency ventilation. High-frequency ven-
tilation accomplishes oxygenation by the diffusion 
of oxygen and carbon dioxide from high to low gra-
dients of concentration. Diffusion is increased when 
the kinetic energy of the gas molecules is increased. 
High-frequency ventilation uses small tidal vol-
umes (1–3 mL/kg) at frequencies greater than 100 
breaths/minute.7 The breathing pattern of a person 
receiving high-frequency ventilation is somewhat 
analogous to that of panting, which entails moving 
small volumes of air at a very fast rate (Fig. 10-6). 
High-frequency ventilation is used to achieve lower 
peak ventilatory pressures, which reduces the risk 
for lung injury caused by high pressures. In addi-
tion, its different fl ow delivery characteristics are 
associated with improved ventilation-perfusion 
matching. Potential adverse effects associated with 
high-frequency ventilation include air trapping and 
necrotizing tracheobronchitis, when used in the 
absence of adequate humidifi cation.7

Various types of lung injury can occur with positive 
pressure ventilation:

B O X  1 0 - 8   Complications of Mechanical 
Ventilation

Airway
• Aspiration
• Ventilator-acquired pneumonia (VAP)
• Complications of endotracheal intubation or trache-

ostomy (see Boxes 10-2 and 10-5)

Mechanical
• Lung injury (eg, barotrauma, volutrauma)
• Atelectasis (resulting from hypoventilation)
• Hypocapnia and respiratory alkalosis (resulting from 

hyperventilation)
• Hyperthermia (resulting from overheated inspired 

air)
• Hypercapnia and respiratory acidosis 

(hypoventilation)

Physiological
• Depressed cardiac function, resulting in hypotension
• Fluid overload
• Respiratory muscle weakness and atrophy
• Complications of immobility
• Gastrointestinal problems (eg, paralytic ileus, stress 

ulcers, distention)
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but because oxygen toxicity is a concern when an 
FiO2 of greater than 60% is required for more than 
24 hours, strategies are implemented to maintain 
the FiO2 at 60% or less after the initial intubation. 
Subsequent changes in FiO2 are based on arterial 
blood gases and the SaO2.

• Tidal volume. The tidal volume is the amount of 
air to be delivered with each breath. With volume 
ventilators, the tidal volume is set by the clinician. 
Tidal volumes of 5 to 8 mL/kg of body weight are 
recommended.

• Respiratory rate. The respiratory rate (ie, the 
number of breaths per minute delivered to the 
patient) is set on most ventilator models. Because 
minute ventilation, which determines alveolar 
ventilation, is equal to the respiratory rate multi-
plied by the tidal volume, adjustments in either of 
these parameters affect the PaCO2. Increasing the 
minute ventilation decreases the PaCO2, whereas 
decreasing it increases the PaCO2. Slowing the 
respiratory rate may also be necessary to enhance 
patient comfort or when rapid rates cause air 
trapping in the lungs (due to decreased exhalation 
time).

• Positive end-expiratory pressure (PEEP). The 
PEEP control adjusts the pressure that is main-
tained in the lungs at the end of expiration. PEEP 
increases the functional residual capacity (FRC) 
by reinfl ating collapsed alveoli, maintaining 
the alveoli in an open position, and improving 
lung compliance. This decreases shunting and 
improves oxygenation. It is common practice to 
use low levels of PEEP (5 cm H2O) in the intu-
bated patient. PEEP is increased in 2- to 5-cm 
H2O increments when FiO2 levels greater than 
50% are required to attain an acceptable SaO2 
(greater than 90%) or PaO2 (greater than 60 to 
70 mm Hg). High levels of PEEP should rarely 
be interrupted (eg, by disconnecting the ventila-
tor tubing from the airway) because it may take 
several hours to recruit alveoli again and restore 
the FRC.8 Reduction of PEEP is considered when 
the patient has a PaO2 of 80 to 100 mm Hg or 
an FiO2 of 50% or less, is hemodynamically sta-
ble, and has stabilization or improvement of the 
 underlying illness.

RED FLAG! Gas trapped in the lungs at the end of 
exhalation (eg, due to increased airway 
resistance or a shortened expiratory time) can 
result in auto-PEEP and a total PEEP level that is 
excessive. Excessive PEEP can lead to regional 
alveolar overdistention and barotrauma.

• Peak fl ow. Peak fl ow is the velocity of gas fl ow per 
unit of time and is expressed as liters per minute. 
On many volume ventilators, peak fl ow can be set 
directly. Very high peak fl ow is associated with 
increased turbulence (refl ected by increasing air-
way pressures), shallow inspirations, and uneven 
distribution of volume.

• Peak inspiratory pressure limit (high-pressure 
alarm). The peak inspiratory pressure (PIP) 

• Barotrauma can result from high pressures. With 
barotrauma, air can leak from the alveoli into 
the pleural space, resulting in pneumothorax or 
pneumomediastinum.

• Volutrauma is caused by the delivery of large tidal 
volumes. The alveoli develop fractures that allow 
fl uid and protein to seep into the lungs, resulting 
in a form of noncardiogenic pulmonary edema.

• Atelectrauma is a shear-induced injury resulting 
from repeated opening and closing of the alveoli.

• Biotrauma is damage to the alveoli caused by the 
release of cytokines and other chemical media-
tors of the infl ammatory response in response to 
 positive-pressure ventilation.

• Ventilator-associated lung injury (VALI) and 
ventilator-induced lung injury (VILI) are terms 
used to describe damage to the lungs resulting 
from prolonged ventilation. Prolonged high levels 
of oxygen, high volumes, and pressures may lead 
to loss of surfactant and increased infl ammation 
of the lung parenchyma and alveoli. The increase 
in infl ammatory mediators damages the alveolar-
capillary membrane, resulting in fl uid leaking 
into the lungs and noncardiogenic pulmonary 
edema.

Mechanical ventilation bypasses the upper airway; 
therefore, a humidifi er with a temperature control 
is added to the ventilator circuit to humidify and 
warm the inspired air. The humidity in the air helps 
to prevent drying of the secretions, which can lead 
to mucus plugging and make suctioning of secre-
tions more diffi cult. In most instances, the tempera-
ture of the air is about body temperature. Rarely, 
the air temperatures may be increased (eg, for a 
patient with severe hypothermia); however, caution 
is necessary with higher temperatures because they 
increase the patient’s risk for tracheal burns.

Ventilator Settings
Although the respiratory therapist may share or have 
complete responsibility for managing the ventilator 
settings, the nurse must still assess and understand 
the ventilator settings to provide effective nursing 
care. Common settings include:

• Fraction of inspired oxygen (FiO2). The FiO2 is 
the percentage of oxygen in the air delivered to the 
patient. Usually, the FiO2 is adjusted to maintain 
an SaO2 of greater than 90%. Initially, the patient 
is placed on a high level of FiO2 (60% or higher), 
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F I G U R E  1 0 - 6  High-frequency ventilation.
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patient attempts to initiate a breath above this pre-
set rate, the ventilator allows the patient to take 
the spontaneous breath. However, unlike the A/C 
mode, any breaths taken above the preset rate are 
at the patient’s own spontaneous tidal volume. The 
tidal volume of these breaths is different from the 
tidal volume set on the ventilator because the tidal 
volume is determined solely by the patient’s spon-
taneous effort (see Fig. 10-7B).

Pressure Modes
A typical pressure mode of ventilation sets a maxi-
mum PIP, not a tidal volume. When the ventilator 
delivers a breath, it continues delivering the vol-
ume until the preset pressure limit is reached, then 
it stops delivering the breath. The clinician selects 
the inspiratory pressure limit (which is equal to 
the PIP), respiratory rate, and I:E ratio, but not the 
tidal volume. When a pressure mode of ventilation 
is in use, the tidal volume varies per breath due to 
lung compliance and airway resistance and must 
be closely monitored to ensure that the patient 
is receiving adequate tidal volumes. With some 
pressure modes, the gas fl ow rate determines the 
duration of inspiration. The higher the fl ow rate, 
the faster the PIP is reached, and the shorter the 
inspiration; conversely, the lower the fl ow rate, 
the longer the inspiration. If auto-PEEP (due to 
inadequate expiratory time) is present, peak fl ow 
may be increased to shorten inspiratory time so 
that the patient may exhale completely. Common 
pressure modes are illustrated in Figure 10-8 on 
page 126.

• Pressure-controlled ventilation (PCV) mode. 
The PCV mode delivers breaths at a preset pres-
sure limit (see Fig. 10-8A). The “unnatural” feel-
ing of this mode often requires sedation and the 
use of NMB agents to ensure patient–ventilator 
synchrony.

RED FLAG! When the PCV mode is in use, the 
mean airway and intrathoracic pressures rise, 
potentially resulting in a decrease in cardiac output. 
Therefore, it is necessary to monitor the patient’s 
hemodynamic status closely.

• Pressure support ventilation (PSV) mode. PSV 
mode augments or assists spontaneous breathing 
efforts by delivering a high fl ow of gas to a selected 
pressure level early in inspiration and maintaining 
that level throughout the inspiratory phase (see 
Fig. 10-8B). By meeting the patient’s inspiratory 
fl ow demand throughout the inspiratory phase, 
patient effort is reduced and comfort is increased. 
When PSV mode is used as a stand-alone mode of 
ventilation, the pressure support level is adjusted 
to achieve the approximate targeted tidal volume 
and respiratory rate. At high pressure levels, PSV 
mode provides nearly total ventilatory support. 
PSV mode is also used with SIMV mode and as a 
weaning technique. Because the level of pressure 
support can be gradually decreased, endurance 
conditioning is enhanced.

limit is the highest pressure allowed in the ven-
tilator circuit. With volume ventilators, once the 
high pressure limit is reached, the high-pressure 
alarm sounds and the inspiration is terminated. If 
the inspiratory pressure limit is being constantly 
reached, the patient will not receive the designated 
tidal volume, and steps must be taken to identify 
and address the underlying cause (eg, coughing, 
accumulation of secretions, kinked ventilator tub-
ing, pneumothorax, decreasing compliance, or a 
high pressure alarm that is set too low).

• Sensitivity. The sensitivity function controls the 
amount of patient effort needed to initiate an 
inspiration, as measured by negative inspiratory 
effort. Increasing the sensitivity (requiring less 
negative force) decreases the amount of work the 
patient must do to initiate a ventilator breath. 
Likewise, decreasing the sensitivity increases 
the amount of negative pressure that the patient 
needs to initiate inspiration and increases the 
work of breathing.

• Inspiratory:expiratory (I:E) ratio. Most ventila-
tors operate with a short inspiratory time and a 
long expiratory time (1:2 or 1:3 ratio). This allows 
time for air to passively exit the lungs, lowering 
pressures in the thoracic cavity and allowing for 
increased venous return. However, in conditions 
of reduced compliance (eg, acute respiratory dis-
tress syndrome [ARDS], sarcoidosis), the I:E ratio 
may be reversed so that the inspiratory time is 
equal to, or greater than, the expiratory time (eg, 
1:1, 2:1, 3:1, 4:1). The inverse I:E ratio improves 
oxygenation by expanding stiff alveoli using lon-
ger inspiratory times, thereby providing more 
opportunity for gas exchange and preventing alve-
olar collapse.

Ventilator Modes
The ventilator mode describes how breaths are 
delivered to the patient. Commonly used modes are 
summarized in Table 10-2.

Volume Modes
With volume modes of ventilation, a respira-
tory rate, inspiratory time, and tidal volume are 
selected for the mechanical breaths. Because the 
amount of pressure required to deliver the set vol-
ume depends on the patient’s lung compliance and 
patient-ventilator resistance factors (Box 10-9, 
p. 125), the nurse must monitor the PIP to ensure 
that pressures are within acceptable limits. 
Common volume modes of ventilation are illus-
trated in Figure 10-7 on page 125.

• Assist-control (A/C) mode. A respiratory rate and 
tidal volume are preset. If the patient attempts to 
initiate a breath, the ventilator is triggered and 
delivers the full preset tidal volume with every 
breath (see Fig. 10-7A).

• Synchronized intermittent mandatory venti-
lation (SIMV) mode. As with the A/C mode, the 
respiratory rate and tidal volume are preset. If the 
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TA B L E  1 0 - 2 Modes of Ventilation

Ventilatory 
Mode Common Uses Advantages Disadvantages

Nursing 
Considerations

Volume Modes
A/C As an initial mode of ventilation

For patients too weak to perform 
the work of breathing

Ensures ventilator support during 
every breath

Delivers consistent tidal volumes
Allows patient to rest

Increased risk for 
hyperventilation and 
air trapping

May require sedation and 
paralysis

Ventilatory muscle atrophy 
with longer use

Work of breathing may be 
increased if sensitivity or 
fl ow rate is too low.

SIMV As a long-term mode of ventilation
As a weaning mode

Allows spontaneous breaths 
(tidal volume determined by 
patient) between ventilator 
breaths

Allows patient to use own 
respiratory muscles, 
preventing muscle atrophy

Patient–ventilator 
asynchrony possible

Work of breathing is 
increased through 
artifi cial airway

…

Pressure Modes
PCV For patients with conditions 

in which compliance is 
decreased and the risk for 
barotrauma is high

For patients with persistent 
hypoxemia despite a high FiO2

Lower peak inspiratory pressures 
reduce risk for barotraumas

Improved oxygenation.

Patient–ventilator 
asynchrony 
necessitates sedation/
paralysis

Monitor tidal volumes.
Monitor for barotrauma and 

hemodynamic instability.

PSV As a weaning mode, and in some 
cases of dyssynchrony

Used in combination with SIMV 
to decrease work of breathing 
by helping to overcome 
resistance created by the 
endotracheal tube

Decreases work of breathing
Increases patient comfort

… Patient must have an intact 
respiratory drive.

PSV mode cannot be used 
in patients with acute 
bronchospasm.

Monitor respiratory rate and 
tidal volume at least 
hourly.

Monitor for changes in 
compliance, which can 
cause tidal volume to 
change.

IRV Used to improve oxygenation 
in patients with conditions 
characterized by decreased 
compliance

Longer inspiratory time provides 
more opportunity for gas 
exchange and shorter 
expiratory times prevent 
alveolar collapse.

Almost always requires 
sedation/paralysis

Auto-PEEP may develop

Usually used in conjunction 
with PCV

Monitor for auto-PEEP, 
barotrauma, and 
hemodynamic instability.

APRV For patients with high airway 
pressures to reduce airway 
pressure and lower minute 
volume while allowing 
spontaneous breathing

As a weaning mode

Allows lung protective strategies 
by limiting plateau and peak 
pressures

Allows spontaneous breathing
Need for paralysis/sedation is 

decreased

… …

VGPO For acutely ill, unstable patients 
to provide pressure ventilation 
while guaranteeing tidal 
volume and minute ventilation 
at a set rate

For stable, weaning patients as 
a “safety” when pressure 
ventilation is desired

Ensures a delivered tidal volume 
while limiting pressures

Requires sophisticated 
knowledge of the 
mode and waveform 
analysis

Monitor for auto-PEEP, 
barotrauma, and 
hemodynamic instability.

PEEP Used to maintain alveoli infl ation 
at end expiration and decrease 
the work of breathing

For patients on high levels of FiO2 
with refractory hypoxemia

Improves oxygenation
Increases FRC, allowing lower 

FiO2 levels

High levels of PEEP may 
cause barotrauma

Increases intrathoracic 
pressures, leading 
to decreased venous 
return and cardiac 
output

Increases ICP

Monitor total PEEP (set 
PEEP and auto-PEEP) 
and hemodynamics

Limit disconnection from 
ventilator (eg, for 
suctioning), because 
of time required to 
reestablish PEEP.

CPAP For spontaneously breathing 
patients to improve 
oxygenation

As a weaning mode
For nocturnal ventilation to prevent 

upper airway obstruction in 
patients with sleep apnea

May be used in intubated or non-
intubated patients

On some systems, no 
alarm if respiratory 
rate decreases

Monitor for increased work of 
breathing.

Noninvasive 
BiPap

For nocturnal hypoventilation in 
patients with neuromuscular 
disease, chest wall deformity, 
obstructive sleep apnea, and 
COPD

To prevent intubation
To prevent reintubation initially 

after extubation

No need for artifi cial airway Patient discomfort or 
claustrophobia

Use of full facemask 
increases risk for 
aspiration and 
rebreathing carbon 
dioxide.

Thick or copious secretions 
and poor cough may be 
relative contraindications 
for BiPap.

Monitor for gastric distention, 
air leaks from mouth, 
aspiration risk.
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• Airway pressure release ventilation (APRV) 
mode. This is a time-triggered, pressure-lim-
ited, time-cycled mode of ventilation (see Fig. 
10-8D). A high-pressure and a low pressure are 
set. Alveolar recruitment and oxygenation occur 
during the high-pressure setting (which lasts 5.4 

• Inverse ratio ventilation (IRV). This type of ven-
tilation inverses the I:E ratio so that inspiratory 
time is equal to, or longer than, expiratory time 
(eg, 1:1 to 4:1; see Fig. 10-8C). Because the expira-
tory time is decreased, the nurse must monitor for 
the development of auto-PEEP.

B O X  1 0 - 9  Resistance and Compliance

An understanding of how resistance and compliance 
affect pressures and volumes helps the nurse provide 
adequate ventilatory support while minimizing adverse 
effects.

Resistance
Small changes in airway diameter can have enormous 
effects on airfl ow resistance. Normally, airway resistance 
is so small that only small changes in pressure are needed 
to move large volumes of air into the lungs. But in condi-
tions that decrease airway diameter (eg, pulmonary secre-
tions, the presence of an artifi cal airway, bronchospasm) 
marked increases in airway resistance occur. To maintain 
the same rate of airfl ow as before the onset of increased 
airway resistance, the driving pressure (or respiratory 
effort) must be increased to move air into the lungs.

Compliance
Compliance refers to the ability of the lung to distend. 
In conditions that reduce the lung’s elasticity such as 
infl ammation, fi brotic changes, or edema, the lung 
requires more force to distend. A patient on a ventilator 
with normal lungs should have a compliance near 
100 mL/cm H2O (normal). In contrast, a patient on a 
ventilator with pulmonary disease that causes “stiff” 
lungs (eg, acute respiratory distress syndrome, sar-
coidosis) has a compliance as low as 20 to 30 mL/cm 
H2O. Serial measurements of compliance performed by 
the respiratory therapist can alert the nurse to sudden 
decreases in compliance, which may be due to pneumo-
thorax, mucus plugging, or pulmonary edema.

Compliance is either static or dynamic:

• Static compliance only measures lung compliance. 
The measurement used to obtain static compliance 
is the plateau pressure (ie, the pressure applied in 

positive pressure ventilation to the small airways and 
alveoli).17 Plateau pressure is obtained by holding 
the end-inspiratory time on the ventilator while on a 
volume mode of ventilation. This holds the volume of 
delivered air in the patient’s chest by preventing exha-
lation, thus measuring the plateau pressure.
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Static compliance is determined by dividing the tidal 
volume by the plateau pressure and subtracting the 
positive end-expiratory pressure(PEEP):

Static compliance = VT/ [plateau pressure – PEEP]

• Dynamic compliance takes into account airway 
resistance, thoracic chest wall compliance, and lung 
compliance. The peak inspiratory pressure (PIP) is the 
amount of pressure required to deliver the preset tidal 
volume. The pressure measures the airways’ resistance 
(to fl ow) as well as by lung and chest wall compliance. 
Dynamic compliance is obtained by dividing the tidal 
volume by the PIP and subtracting the PEEP:

Dynamic compliance = VT/PIP – PEEP
To prevent lung injury, it is important to determine 

lung compliance using airway pressure so that the 
ventilator can be appropriately adjusted to minimize 
airway pressures.
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F I G U R E  1 0 - 7  Volume modes of positive-pressure ventilation. Asterisks (*) indicate spontaneous breaths. A: Assist-control (A/C) mode. 
B: Synchronized intermittent mandatory ventilation (SIMV) mode.
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high pressure. At the same time, the low-pres-
sure limit may be dropped, allowing for reduced 
mean airway pressure. Usually, the low-pressure 
limit is reduced to 5 cm H2O, and as the high 
pressure is lowered, this allows release to a 
PEEP level that prevents alveolar collapse. When 
the patient tolerates an FiO2 of 50% or less, the 

seconds), followed by a brief controlled release 
(0.6 second) to the low-pressure setting. The 
patient spontaneously breathes both at a set high 
pressure with preset brief times and at low pres-
sure, which is synchronized during exhalation. 
Weaning from APRV is done by decreasing the 
high-pressure limit while increasing the time at 
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F I G U R E  1 0 - 8  Pressure modes of positive-pressure ventilation. A: Pressure-controlled ventilation (PCV) mode. B: Pressure support ventila-
tion (PSV) mode. Dashed line indicates spontaneous breathing. C: Inverse ratio ventilation (IRV). Inspiration (I) is as long, or longer than, 
expiration (E). D: Airway pressure release ventilation (APRV) mode. E: Continous positive airway pressure (CPAP) mode.
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• Monitoring ventilator settings and alarms (Table 
10-4, p. 131)

RED FLAG! Alarm systems on ventilators warn 
of developing problems. A nurse or respiratory 
therapist must respond to every ventilator alarm. 
Alarms must never be ignored or disarmed.

Recurrent alarms may indicate an equipment-
related issue or a patient complication. When device 
malfunction or a patient complication is suspected, 
the patient must be manually ventilated while the 
nurse or therapist looks for the cause. If the prob-
lem is equipment-related and cannot be promptly 
corrected by ventilator adjustment, a new ventilator 
must be procured and the malfunctioning ventilator 
must be taken out of service.

Preventing Aspiration and Ventilator-Associated 
Pneumonia
Aspiration can occur before, during, or after intu-
bation and greatly increases the patient’s risk for 
developing VAP. VAP (nosocomial pneumonia in a 
patient who has been mechanically ventilated with 
an endotracheal tube or tracheostomy for at least 
48 hours at the time of diagnosis) is the second 
most common hospital-acquired pneumonia (HAP) 
and the leading cause of death from nosocomial 
infections.9, 11

RED FLAG! Clinical manifestations of VAP include 
new or progressive and persistent infi ltrates on 
chest radiograph, a temperature higher than 100.4°F 
(38°C), leukocytosis, new-onset purulent sputum or 
cough, and worsening gas exchange.

Because aspiration of oral or gastric secretions 
is thought to contribute to the development of VAP, 
strategies that decrease the risk for aspiration will 
also decrease the risk for VAP. These include:

• Maintaining appropriate cuff infl ation
• Evacuating gastric distention with nasogastric 

suction
• Performing subglottic suctioning to prevent pool-

ing of secretions above the cuff
• Keeping the head of the bed elevated 30 degrees or 

more at all times unless medically contraindicated
• Providing oral care per unit protocol

Frequent oral care must be performed on all 
mechanically ventilated patients. Oral care pre-
serves the integrity of the oropharyngeal mucosa, 
which helps prevent infection and colonization 
of organisms that has been shown to lead to VAP. 
General oral care guidelines are not suitable for 
patients with an endotracheal tube and are not 
effective for preventing VAP. Current oral care 
guidelines for the mechanically ventilated patient 
include:

• Systematic assessment of the oral mucosa daily 
and with each cleaning

• Handwashing before and after every intervention

patient can be switched to PSV mode and further 
weaning.

• Volume-guaranteed pressure options (VGPO) 
mode. This mode ensures delivery of a prescribed 
tidal volume while using a pressure control mode 
of ventilation. In an acutely ill, unstable patient, 
the VGPO mode may be used to limit the PIP 
while guaranteeing tidal volume and minute ven-
tilation at a set rate. In a more stable, spontane-
ously breathing patient, this mode is used as a 
“safety” when pressure ventilation is desired. The 
use of a volume guarantee in the spontaneously 
breathing patient may be especially important at 
night (when respiratory rates and volumes nor-
mally decrease) and in patients for whom secre-
tions are a problem (because secretions increase 
resistance and result in decreased spontaneous 
volumes).

• Continuous positive airway pressure (CPAP) 
mode. This mode supplies pressure throughout 
the respiratory cycle, helping to improve oxygen-
ation in spontaneously breathing patients (see Fig. 
10-8E). CPAP can be used for intubated and non-
intubated patients. It may be used as a weaning 
mode from mechanical ventilation and for noc-
turnal ventilation (nasal or mask CPAP) to splint 
open the upper airway, preventing upper airway 
obstruction in patients with obstructive sleep 
apnea. During expiration, the pressure in the lungs 
decreases to the “baseline” end-expiratory pres-
sure level and continues to be positive throughout 
expiration, allowing greater volumes to be gener-
ated during inspiration.

• Noninvasive bilevel positive-pressure (BiPAP) 
mode. BiPAP is a noninvasive form of mechani-
cal ventilation provided by means of a nasal mask, 
nasal prongs, or a full facemask. The system 
allows the clinician to select two levels of positive- 
pressure support: an inspiratory pressure referred 
to as IPAP and an expiratory pressure referred to 
as EPAP (CPAP/PEEP level). BiPAP may be used 
in patients with acute, short-term respiratory 
problems to avoid intubation and mechanical 
ventilation.

Nursing Care of the Patient Receiving 
Mechanical Ventilation
A collaborative care guide for the patient receiving 
mechanical ventilation is given in Box 10-10. Key 
nursing responsibilities include the following.

Ensuring Adequate Oxygenation and Ventilation
Several important nursing interventions for the 
patient receiving mechanical ventilation are directed 
at ensuring that alveolar ventilation appropriate for 
the patient’s needs is maintained. These interven-
tions include:

• Maintaining the airway, as described earlier
• Monitoring the patient’s vital signs, arterial oxygen 

saturation, mental status, respiratory status, and 
arterial blood gases (Table 10-3, p. 130)
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B O X  1 0 - 1 0 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient on Mechanical Ventilation

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
A patent airway is maintained.
Lungs are clear to auscultation.
Patient is without evidence of atelectasis.
Peak, mean, and plateau pressures are 

within normal limits.
ABGs are within normal limits.

• Auscultate breath sounds q2–4h and PRN.
• Suction as needed for crackles, coughing, or oxygen desaturation.
• Hyperoxygenate before and after each suction pass.
• Monitor airway pressures q1–2h.
• Monitor airway pressures after suctioning.
• Administer bronchodilators and mucolytics as ordered.
• Perform chest physiotherapy if indicated by clinical examination or 

chest x-ray.
• Turn side to side q2h.
• Consider kinetic therapy or prone positioning as indicated by  clinical 

scenario.
• Get patient out of bed to chair or standing position when stable.
• Monitor pulse oximetry and end-tidal CO

2.
• Monitor ABGs as indicated by changes in noninvasive parameters, 

patient status, or weaning protocol.
 

Circulation/Perfusion
Blood pressure, heart rate, cardiac 

output, central venous pressure, and 
pulmonary artery pressure remain 
stable on mechanical ventilation.

• Assess hemodynamic effects of initiating positive-pressure ventilation 
(eg, potential for decreased venous return and cardiac output).

• Monitor ECG for dysrhythmias related to hypoxemia.
• Assess effects of ventilator setting changes (inspiratory pressures, 

tidal volume, PEEP, and FiO2) on hemodynamic and oxygenation 
parameters.

• Administer intravascular volume as ordered to maintain preload.
 

Fluids/Electrolytes
I & O measurements are balanced.
Electrolyte values are within normal 

limits.

• Monitor hydration status in relation to clinical examination, auscul-
tation, amount and viscosity of lung secretions.

• Assess patient weight, I & O totals, urine specifi c gravity, or serum 
osmolality to evaluate fl uid balance.

• Administer electrolyte replacements (IV or enteral) per physician’s order.
 

Mobility
Patient maintains or regains baseline 

functional status related to mobility 
and self-care.

Joint range of motion is maintained.

• Collaborate with physical/occupational therapy staff to encourage 
patient effort/participation to increase mobility.

• Progress activity to sitting up in chair, standing at bedside, 
 ambulating with assistance as soon as possible.

• Assist patient with active or passive range-of-motion exercises 
of all extremities at least every shift.

• Keep extremities in physiologically neutral position using pillows or 
appropriate splint/support devices as indicated.

 

Safety
Endotracheal tube will remain in proper 

position.
Proper infl ation of endotracheal tube 

cuff is maintained.
Ventilator alarm system remains 

activated.

• Securely stabilize endotracheal tube in position.
• Note and record the “cm” line on endotracheal tube position at lip or 

teeth.
• Use restraints or sedation per hospital protocol.
• Evaluate endotracheal tube position on chest x-ray daily (by viewing 

fi lm or by report).
• Keep emergency airway equipment and manual resuscitation bag 

readily available, and check each shift.
• Infl ate cuff using minimal leak technique, or pressure <25 mm Hg by 

manometer.
• Monitor cuff infl ation/leak every shift and PRN.
• Protect pilot balloon from damage.
• Perform ventilator setting and alarm checks q4h (minimum) 

or per facility protocol.
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Skin Integrity
Patient is without evidence of skin 

breakdown.
• Assess and document skin integrity at least every shift.
• Turn side to side q2h; reassess bony prominences for evidence of 

pressure injury.
• When patient is out of bed to chair, provide pressure relief to sitting 

surfaces at least q1h.
• Remove self-protective devices from wrists, and monitor skin per 

hospital policy.

 

Nutrition
Nutritional intake meets calculated 

metabolic need (eg, basal energy 
expenditure equation).

Patient will establish regular bowel 
elimination pattern.

• Consult dietitian for metabolic needs assessment and 
recommendations.

• Provide early nutritional support by enteral or parenteral feeding, 
start within 48 hours of intubation.

• Monitor actual delivery of nutrition daily with I&O calculations.
• Weigh patient daily.
• Administer bowel regimen medications as ordered, along with ade-

quate hydration.
 

Comfort/Pain Control
Patients will indicate/exhibit adequate 

relief of discomfort/pain while on 
mechanical ventilation.

• Document pain assessment, using numerical pain rating or similar 
scale when possible.

• Provide analgesia as appropriate, document effi cacy after each dose.
• Prevent pulling and jarring of the ventilator tubing and endotracheal 

or tracheostomy tube.
• Provide meticulous oral care q1–2h with oropharynx suctioning and 

application of mouth moisturizer as needed; teeth brushing sched-
uled at least three times daily; antimicrobial rinse twice daily; oral 
assessment at least daily.

• Administer sedation as indicated.

 

Psychosocial
Patient participates in self-care and 

decision making related to own ADLs 
(eg, turning, bathing).

Patient communicates with healthcare 
providers and visitors.

• Encourage patient to move in bed and attempt to meet own basic 
comfort/hygiene needs independently.

• Establish a daily schedule for bathing, time out of bed, treatments, 
and so forth with patient input.

• Provide a means for patient to write notes and use visual tools to 
facilitate communication.

• Encourage visitor conversations with patient in normal tone of voice 
and subject matter.

• Teach visitors to assist with range-of-motion and other simple care 
delivery tasks, to facilitate normal patterns of interaction.

 

Teaching/Discharge Planning
Patient cooperates with and indicates 

understanding of need for 
mechanical ventilation.

Potential discharge needs are assessed.

•  Provide explanations to patient and family regarding:
• Rationale for use of mechanical ventilation
• Procedures such as suctioning, airway care, chest physiotherapy
• Plan for and progress toward weaning and extubation
• Initiate early social work to screen for needs, resources, and support 

systems.

B O X  1 0 - 1 0 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient on Mechanical 
Ventilation (continued)

OUTCOMES INTERVENTIONS
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overstimulation, sensory deprivation for familiar 
cues, pain, fear, an inability to communicate, feel-
ings of helplessness and lack of control, and com-
monly used pharmacological agents. Treatments 
can often seem dehumanizing. In many cases, the 
prognosis is poor, and the possibility of death is ever 
present. General interventions that help to alleviate 
psychological distress are discussed in Chapter 2.

Weaning From Mechanical Ventilation
The objective of mechanical ventilation is to support 
the patient through an episode of illness. As soon 
as mechanical ventilation is started, plans begin for 
weaning the patient from mechanical support. The 
patient is evaluated daily for readiness to wean. It is 
important to perform this assessment and address 
weaning impediments before initiating weaning 
trials. Many indices have been developed for use 
in predicting weaning readiness. Some look exclu-
sively at respiratory factors, whereas others look at 
a broad range of physiological factors.

The approach to weaning also varies. Some cli-
nicians maintain total ventilatory support up until 
the time of weaning trials; others use intermittent 
weaning trials of increasing frequency and duration. 
Advantages of a gradual approach to weaning may 
include a reduced risk for complications (because 
over time the patient on partial rather than full ven-
tilation is exposed to lower levels of pressure and 
volume) and reduced deconditioning and atrophy 
of the respiratory muscles (because the patient is 
required to perform some level of work to breathe 
during the weaning trials).14

Regardless of the approach, certain factors 
have been found to infl uence weaning success 
positively. These include the use of a collaborative, 
multidisciplinary team to formulate a compre-
hensive plan of care based on assessment of the 

TA B L E  1 0 - 3 Abnormal Arterial Blood Gases in the Mechanically Ventilated Patient

Abnormality Possible Causes Action

Hypoxemia Patient-related
Secretions
Increase in disease pathology
Positive fl uid balance

Suction. Increase FiO2.
Evaluate patient and chest radiograph.
Evaluate intake and output.

Hypocapnia Patient-related
Hypoxia
Increased lung compliance’
Increased minute ventilation
Ventilator-related
Incorrect ventilator settings

Evaluate ABGs and patient.
Evaluate for wean potential.

Decrease respiratory rate, tidal volume, or minute
ventilation.

Hypercapnia Patient-related
Sedation
Fatigue
Decreased minute ventilation
Ventilator-related
Incorrect ventilator settings

Increase respiratory rate or tidal volume settings.

Increase respiratory rate, tidal volume, or minute
ventilation.

• Routine brushing of the teeth to remove dental 
plaque (every 8 hours)

• Cleansing of the mouth (every 2 hours and as needed)
• Use of an alcohol-free or antimicrobial (chlorhexi-

dine) oral rinse per unit protocol to reduce oro-
pharyngeal colonization

• Oral and subglottic pharyngeal suctioning with an 
in-line suction catheter to minimize aspiration risk

• Replacement of the suction set (every 24 hours)
• Application of a water-based mouth moisturizer to 

prevent mucosal drying and maintain oral mucosa 
integrity

Providing Nutritional Support
Patients who require long-term mechanical ven-
tilation typically need additional calories per day. 
Clinical starvation can lead to pulmonary compli-
cations and death (Box 10-11). In prolonged star-
vation, the body cannibalizes the intercostal and 
diaphragmatic muscles for energy.12,13 In addition, 
respiratory muscles, like all other body muscles, 
need energy to work. If energy needs are not met, 
muscle fatigue occurs, leading to discoordination of 
respiratory muscles and a decrease in tidal volume.

Providing Eye Care
Many patients who are receiving mechanical ventila-
tion are comatose, sedated, or chemically paralyzed 
and therefore have lost the blink refl ex or ability to 
close their eyelids completely. Measures to prevent 
corneal dryness and ulceration include the instil-
lation of lubricating drops or ointment, taping the 
eyes, applying eye shields, or applying a moisture 
chamber. Eye care should be scheduled (as opposed 
to being provided on an as-needed basis).

Providing Psychosocial Support
A patient on a ventilator is subjected to extreme 
physical and emotional stress. Psychological dis-
tress can be caused by sleep deprivation, sensory 
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TA B L E  1 0 - 4 Troubleshooting the Ventilator

Problem Possible Causes Action

Volume or low-
pressure 
alarm

Patient-related
Patient disconnected from 

ventilator
Loss of delivered tidal 

volume

Decrease in patient-initiated 
breaths

Increased compliance
Ventilator-related
Leaks

Reconnect STAT.

Auscultate neck for possible leak around endotracheal tube cuff.
Review chest fi lm for endotracheal tube placement—may be too high.
Check for loss of tidal volume through chest tube.
Evaluate patient for cause: check respiratory rate, ABGs, last 

sedation.
Evaluate patient for clearing of secretions or relief of bronchospasms.

Check all tubing for loss of connection, starting at patient and moving 
toward humidifi er.

Check for change in ventilator settings.
(Note: If problem is not corrected STAT, use MRB until ventilator 

problem is corrected.)
High-pressure or 

peak-pressure 
alarm

Patient-related
Decreased compliance
Decreased dynamic 

compliance

Decreased static 
compliance

Ventilator-related 
Tubing kinked 
Tubing fi lled with water
Patient–ventilator 

asynchrony

Suction patient.
Administer inhaled β-agonists.
If sudden, evaluate for pneumothorax.
Evaluate chest fi lm for endotracheal tube displacement in right 

mainstem bronchus.
Sedate if patient is bucking the ventilator or biting the endotracheal 

tube.
Evaluate ABGs for hypoxia, fl uids for overload, chest fi lm for 

atelectasis. 
Auscultate breath sounds.

Check tubing.
Empty water into a receptacle.
Recheck sensitivity and peak fl ow settings.
Provide sedation/paralysis if indicated.

Heater alarm Adding cold water to 
humidifi er.

Altered setting
Cold air blowing on 

humidifi er

Wait.

Reset.

Redirect airfl ow.

individual patient, the use of standardized wean-
ing protocols that are assigned to each patient 
based on individual assessment, and the use of 
critical pathways.15

Guidelines for Weaning
Although weaning procedures vary from hospital to 
hospital, general guidelines remain the same. For 
instance, weaning is generally initiated in the morn-
ing when the patient is rested. The nurse explains 
the procedure to the patient and administers medi-
cations for comfort (eg, bronchodilators, sedatives, 
pain medication) as indicated. (The use of sedatives 
and narcotics during weaning is limited to only the 
level of medication clearly needed to control pain or 
anxiety.) The nurse raises the head of the bed, ensures 
a patent airway, and provides suction if necessary. 
The nurse remains with the patient throughout the 
weaning trial to provide support and reassurance. At 
the conclusion of the trial, the nurse also evaluates 
and documents the patient’s response to weaning.

Short-Term Ventilation Weaning
Patients are often intubated electively for surgi-
cal or other procedures, or more urgently owing to 
respiratory distress related to underlying pulmo-
nary disease or traumatic injury. In these situations, 

B O X  1 0 - 1 1   Effects of Clinical Starvation

• Atrophy of respiratory muscles
• Decreased protein (results catabolic state requiring 

breakdown muscle for calories)
• Decreased albumin (loss oncotic pressure resulting 

in edema and ascites)
• Decreased cell-mediated immunity
• Decreased surfactant production
• Decreased replication of respiratory epithelium
• Intracellular depletion of adenosine triphosphate 

(loss of the cellular energy source)
• Impaired cellular oxygenation
• Central respiratory depression
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ventilation support is usually short-term (ie, less 
than 3 days). Once the procedure is completed or the 
patient is stabilized, the goal is extubation as soon as 
the patient is able to protect the airway. The weaning 
process in this setting may proceed rapidly, based 
on individual patient response to reduced ventila-
tory support. Frequently used predictive criteria for 
short-term weaning success are a negative inspira-
tory pressure of less than or equal to −20 cm H2O, a 
positive expiratory pressure of greater than or equal 
to +30 cm H2O, and a spontaneous minute volume of 
less than 12 L/min. Guidelines for short-term venti-
lation weaning are given in Box 10-12.

Long-Term Ventilation Weaning
Patients on mechanical ventilation for longer than 
72 hours or those who have failed short-term wean-
ing often have signifi cant deconditioning of the 
respiratory muscles. These patients usually require 
a period of “exercising” the respiratory muscles to 
regain the strength and endurance needed for suc-
cessful return to spontaneous breathing. During the 
reconditioning program, goals are to:

• Have the patient tolerate two to three daily wean-
ing trials of reduced ventilatory support without 
exercising to the point of exhaustion

• Rest the patient between weaning trials and over-
night on ventilator settings that provide diaphrag-
matic rest, with minimal or no work of breathing 
for the patient

The process of long-term weaning often takes days 
to weeks, and multiple delays and setbacks are com-
mon. Guidelines for long-term ventilation weaning 
are given in Box 10-13.

Methods of Weaning
Common methods of weaning include the following.
• T-piece trial (fl ow-by). The T-piece (an endotra-

cheal tube adapter that provides oxygen only) is 
connected to the patient at the desired FiO2 (usu-
ally slightly higher than the previous ventilator 
setting). In this weaning trial, the patient must 
breathe through the endotracheal tube without 
ventilator assistance. Because of the increased 
resistance caused by the narrowed airway, the 
patient’s work of breathing is increased; there-
fore, the nurse continuously observes the patient’s 
response and tolerance to the trial. The duration of 
T-piece trials is not standardized, and some clini-
cians extubate if an initial trial of 30 minutes ends 
with acceptable ABG measurements and patient 
response. Increasing frequency and duration of 
T-piece trials builds the patient’s endurance, with 
periods of rest on the ventilator between extended 
trials.

• SIMV method. Weaning with the SIMV method 
entails gradually reducing the number of deliv-
ered breaths until a low rate is reached (usually 
4 breaths/min). The patient is then extubated if all 

B O X  1 0 - 1 2   Guidelines for Weaning From Short-Term Ventilation

CRITERIA
Readiness Criteria
• Hemodynamically stable, adequately resuscitated, and 

not requiring signifi cant vasoactive support
• SaO2 greater than 90% on FiO2 less than or equal to 

40%; PEEP less than or equal to 5 cm H2O
• Chest x-ray reviewed for correctable factors; treated as 

indicated
• Metabolic indicators (serum pH, major electrolytes) 

within normal range
• Hematocrit greater than 25%
• Core temperature greater than 36°C and less than 39°C
• Adequate management of pain/anxiety/agitation
• No residual neuromuscular blockade (NMB)
• ABGs normalized or at patient’s baseline

Tolerance Criteria
If the patient displays any of the following, the wean-
ing trial should be stopped and the patient returned to 
“rest” settings.
• Sustained respiratory rate greater than 35 breaths/min
• SaO2 less than 90%
• Tidal volume less than or equal to 5 mL/kg
• Sustained minute ventilation greater than 200 mL/kg/min
• Evidence of respiratory or hemodynamic distress:
Labored respiratory pattern
Increased anxiety, diaphoresis, or both

Sustained heart rate greater than 20% higher or lower 
than baseline

Systolic blood pressure greater than 180 mm Hg or less 
than 90 mm Hg

Extubation Criteria
• Mental status: alert and able to respond to commands
• Good cough and gag refl ex, able to protect airway and 

clear secretions
• Able to move air around endotracheal tube with cuff 

defl ated and end of tube occluded

WEANING INTERVENTION
• Reduce ventilator rate, then convert to pressure-sup-

port ventilation (PSV) only.
• Wean PSV as tolerated to less than or equal to 10 cm 

H2O.
• If patient meets tolerance criteria for at least 2 hours 

on this level of support and meets extubation criteria, 
may extubate.

• If patient fails tolerance criteria, increase PSV or add 
ventilator rate as needed to achieve “rest” settings 
(consistent respiratory rate less than 20 breaths/min) 
and review weaning criteria for correctable factors.

• Repeat wean attempt on PSV 10 cm H2O after rest 
period (minimum, 2 hours). If patient fails second 
wean trial, return to rest settings and use “long-term” 
ventilation weaning approach.

Adapted from evidence-based practice guidelines used in the Surgical/Trauma Intensive Care Unit, University of Virginia 
Health System, Charlottesville, Virginia.
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B O X  1 0 - 1 3   Guidelines for Weaning From Long-Term Ventilation

CRITERIA

Readiness Criteria
• Same as for short-term ventilation (see Box 10-12), 

with emphasis on hemodynamic stability, adequate 
analgesia/sedation (record scores on fl ow sheet), and 
normalizing volume status

WEANING INTERVENTION
• Transfer to pressure-support ventilation (PSV) mode, 

adjust support level to maintain patient’s respiratory 
rate at less than 35 breaths/min.

• Observe for 30 min for signs of early failure (same 
tolerance criteria as with short-term ventilation; see 
Box 10-12).

• If tolerated, continue trial for 2 hours, then return 
patient to “rest” settings by adding ventilator breaths 
or increasing PSV to achieve a total respiratory rate of 
less than 20 breaths/min.

• After at least 2 hours of rest, repeat trial for 2 to 
4 hours at same PSV level as previous trial. If the 
patient exceeds the tolerance criteria (listed in Box 
10-12), stop the trial and return to “rest” settings. 
In this case, the next trial should be performed at a 
higher support level than the failed trial.

• Record the results of each weaning episode, including 
specifi c parameters and the time frame if failure is 
observed, on the bedside fl ow sheet.

• The goal is to increase the length of the trials and 
reduce the PSV level needed on an incremental basis. 
With each successive trial, the PSV level may be 
decreased by 2 to 4 cm H

2O, the time interval may 
be increased by 1 to 2 hours, or both, while keeping 
the patient within tolerance parameters. The pace of 
weaning is patient-specifi c, and tolerance may vary 

from day to day. Review readiness criteria for cor-
rectable factors daily and each time the patient fails a 
weaning trial.

• Ensure nocturnal ventilation at “rest” settings (with 
a respiratory rate of less than 20 breaths/min) for at 
least 6 hours each night until the patient’s weaning 
trials demonstrate readiness to discontinue ventilatory 
support.

DISCONTINUING MECHANICAL VENTILATION
The patient should be weaned until ventilator settings 
are FiO2 less than or equal to 40%, PSV less than or 
equal to 10 cm H2O, and PEEP less than or equal to 
8 cm H2O. Once these settings are well tolerated, the 
patient should be placed on continuous positive airway 
pressure (CPAP) 5 cm H2O or (if the patient has a tra-
cheostomy) on tracheostomy collar. If the patient meets 
tolerance criteria over the fi rst 5 minutes, the trial 
should be continued for 1 to 2 hours. If clinical observa-
tion and ABGs indicate that the patient is maintaining 
adequate ventilation and oxygenation on this “minimal” 
support, the following options can be considered:

• Extubation can be attempted if the patient meets extu-
bation criteria (see Box 10-12).

• If the patient is on tracheostomy collar, the trials should 
be continued two to three times per day with daily 
increases in time on tracheostomy collar by 1 to 2 hours 
per trial until the total time off the ventilator reaches 18 
hours per day. At this point, the patient may be ready to 
remain on tracheostomy collar for longer than 24 hours 
unless the tolerance criteria are exceeded.

• Ventilator weaning is considered successful once the 
patient achieves spontaneous ventilation (extubated or 
on tracheostomy collar) for at least 24 hours.

Adapted from evidence-based practice guidelines used in the Surgical/Trauma Intensive Care Unit, 
University of Virginia Health System, Charlottesville, Virginia.

other weaning criteria are met. However, low levels 
of SIMV (fewer than 4 breaths/min) may result in 
a high level of work and fatigue and may prolong 
weaning.16 SIMV plus PSV, called synchronized 
pressure support ventilation (SPSV), may be used 
to decrease the work of breathing associated with 
spontaneous breaths (Fig. 10-9). In SPSV mode, 
the added pressure overcomes the resistance of 
the artifi cial airway. Weaning can be accomplished 
by lowering the number of breaths or amount of 
pressure support.

• CPAP method. The small amount of positive 
pressure supplied throughout the inspiratory and 
expiratory cycles in CPAP mode may decrease the 
patient’s work of breathing. Weaning occurs by 
decreasing the amount of pressure.

• PSV method. Low levels of PSV decrease the 
work of breathing associated with endotracheal 
tubes and ventilator circuits. Weaning using the 
PSV method entails progressively decreasing 
the inspiratory pressure limit to 8 to 10 cm H2O 
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F I G U R E  1 0 - 9  Pressure support mandatory ventilation (PSMV) 
mode. Asterisks (*) indicate spontaneous breaths.

based on the patient maintaining an adequate 
tidal volume and a respiratory rate of less than 
25 breaths/min. The 8-cm H2O inspiratory pres-
sure limit is thought to overcome the work of 
breathing through the endotracheal tube and 
ventilator circuit, so longer weaning trials may 
be tolerated.
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C A S E  S T U D Y

Mrs. Q,. a 74-year-old woman, is admitted with a 
diagnosis of esophageal cancer. She had an esopha-
gectomy 1 week ago. Following initial extubation, she 
was reintubated the day of surgery (failed extubation) 
for respiratory distress, hypercarbia and inability 
to clear her secretions. Mrs. Q.’s history includes a 
13-kg weight loss and limited ADLs while living at 
home (limited by her dependence on supplemental 
oxygen and nasojejunal nutrition.) Mrs. Q.’s nutrition 
status was improved by 6 weeks of home therapy 
before admission. Her current medications include 
albuterol, fl uticasone, lisinopril, insulin, thyroxine, 
prednisone, and paroxetine, as well as alprazolam 
and zolpidem as needed. The current ventilator set-
tings on day 7 of ventilation are: FiO2, 0.40; no rate; 
PEEP, 5 cm H2O; RR, 20; and tidal volume, 550 mL 
(current weight 68 kg, a gain of 6 kg from 2 months 
ago); and minute volume, 10.9 L/min. Mrs. Q.’s vital 
signs are stable, she is afebrile, and her pain is well 
controlled with scheduled oral and as-needed IV 
opioids. Mrs. Q. is generally weak, but able to turn 
in bed on her own. For 2 days, Mrs. Q. has tolerated 
sitting up in a chair (three times daily) and she took 
her fi rst walk today with physical therapy. She is able 
to cough out secretions from her endotracheal tube. 
Nutrition and medications are delivered through a 
percutaneous endoscopic gastrostomy (PEG) tube 
inserted during surgery. Mrs. Q. tolerates ventilation 
with resumption of her as-needed alprazolam and is 
sleeping better with nocturnal zolpidem.

1. Describe appropriate weaning goals for Mrs. Q., 
based on her status today. What ventilator set-
tings should be used?

2. When would Mrs. Q. be considered ready for 
extubation? What weaning assessment and labo-
ratory tests, including arterial blood gases and 
chemistry, should be obtained before a second 
trial extubation?

3. This is day 7 of ventilation following a failed extu-
bation trial the day of surgery, and Mrs. Q. has 
progressed physically. What respiratory assess-
ments should the nurse follow while Mrs. Q. is 
working with physical therapy?

4. The nurse observes Mrs. Q. on continuous posi-
tive airway pressure (CPAP) for 1 hour, and she 
remains stable without changes to her respira-
tory rate, tidal volume, or minute volume, and 
her arterial blood gases are within normal limits. 
Should Mrs. Q. be extubated after this 1-hour 
CPAP trial if she complained of feeling exhausted 
(in a written note)? What additional weaning 
assessments should be done?

5. The medical team decides to wait 1 day longer to 
allow Mrs. Q. to continue on the ventilator with the 
reduced inspiratory pressure limit at 10 cm H2O. 
How does reducing the inspiratory pressure limit 
affect Mrs. Q.’s work of breathing and the strength 
and endurance of her respiratory muscles?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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Code Management

11
C H A P T E R

Improving Patient Outcomes
It has been estimated that 15% to 20% of all hos-
pitalized patients develop serious adverse events, 
including cardiopulmonary arrest (also called sud-
den cardiac arrest, or SCA).1 These adverse events 
are rarely unforeseen. In fact, they are usually pre-
ceded by at least one sign or symptom of physiologi-
cal deterioration that occurs in the hours before the 
critical change in status (Box 11-1).1 Many facilities 
have implemented a rapid response team (RRT) 
program to facilitate early detection and rapid treat-
ment of unstable patients outside of the critical care 
unit (Box 11-2). The early intervention of RRTs has 
been shown to decrease the incidence of cardiac 
arrest and improve mortality rates.2

The causes of cardiopulmonary arrest are myriad 
(Box 11-3), and patients in the critical care unit are 
at particularly high risk for experiencing cardiopul-
monary arrest during the course of their hospital-
ization. Early recognition of a patient’s deterioration 
in clinical status and rapid initiation of treatment 
can prevent some cases of cardiopulmonary arrest 

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe measures facilities take to prevent adverse events (eg, 
cardiopulmonary arrest) and improve patient outcomes.

2 Discuss the roles of code team members and describe the equipment and 
medications used during a code.

3 Explain basic life support (BLS) measures in cardiopulmonary arrest.
4 Explain the proper implementation of cardiopulmonary resuscitation (CPR).
5 Explain advanced cardiac life support (ACLS) measures.
6 Describe post–cardiac arrest care.

B O X  1 1 - 1   Signs and Symptoms of Impending 
Physiologic Deterioration

• Threatened airway
• Respiratory rate less than 8 breaths/min or greater 

than 28 breaths/min
• SpO2 less than 90%
• Heart rate less than 40 beats/min or greater than 

130 beats/min
• Systolic blood pressure less than 90 mm Hg
• Urine output less than 50 mL in 4 hours
• Acute mental status change

in the critical care unit. If a patient does experience 
cardiopulmonary arrest, the nurse calls the code 
and initiates basic life support (BLS) and advanced 
cardiac life support (ACLS) measures immediately. 
Other critical care staff members respond to assist 
with the code; common roles and responsibilities 
of code team members are given in Box 11-4. The 
chain of survival (Box 11-5) is completed by provid-
ing appropriate post–cardiac arrest care.
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B O X  1 1 - 2   Considerations When Implementing a Rapid Response Team (RRT) System

Gaining leadership support. The support of senior 
leadership is essential for the success of the proposed 
RRT system. Advantages of an RRT system include

• Marketing advantage in a competitive healthcare 
environment

• Greater medicolegal protection and decreased liability
• Decreased patient and family complaints
• Avoidance of unnecessary critical care unit admissions
• Decreased number of in-hospital arrests

Determining team structure. The structure of the 
RRT varies according to facility size, level of patient 
acuity, availability of resources, and the frequency of 
adverse events and cardiac arrest. Examples of different 
models include

• Critical care nurse and respiratory therapist
• Critical care nurse, respiratory therapist, and nurse 

practitioner or physician assistant
• Critical care nurse, respiratory therapist, and intensiv-

ist or hospitalist

Establishing communication tools and protocols. 
Communication tools provide the RRT leader with a 
template for gathering pertinent information, facilitat-
ing communication with the physician, and facilitating 
triage decision making.
Training for responders. Members of the RRT must 
receive the proper training. Areas to be reviewed 
include

• The benefi ts of early rescue
• Teamwork with non–critical care staff
• Protocols available to guide RRT therapy

• Triage skills and advanced cardiac life support (ACLS) 
certifi cation

• What is expected of RRT members when responding 
to a call

• The use of communication tools
• The chain of command for nurse-led teams

Training for staff. Staff members must be made aware 
that the RRT exists, educated about the role of the RRT, 
and taught how to activate the RRT system. Methods of 
raising staff awareness include the following:

• Formal teaching and in-service training
• Newsletters
• Posters with the RRT calling criteria
• Pocket cards and badge holders with calling criteria
• Brochures with RRT concepts and calling criteria
• Inclusion of RRT education in employee orientation 

sessions

Calling criteria and the mechanism for activating 
the RRT system. When considering the RRT calling 
criteria that will be used, evidence-based data should 
be considered. The mechanism for activating the RRT 
system should be clear, quick, and easy so that the staff 
will use it and the team will respond rapidly.
Evaluation of effectiveness. A means by which to 
measure the success of the RRT system is imperative. 
Three key measures that are used include

• Codes per 1000 discharges
• Codes outside the critical care unit
• Utilization of the RRT system

Adapted from 5 Million Lives Campaign. Getting Started Kit. Rapid Response Teams. Cambridge, MA: 
Institute for Healthcare Improvement, 2008 (Available at www.ihi.org).

B O X  1 1 - 3   Common Causes of Cardiopulmonary Arrest

Cardiac Causes
• Myocardial infarction
• Heart failure
• Dysrhythmia
• Coronary artery spasms
• Cardiac tamponade

Pulmonary Causes
• Respiratory failure secondary to respiratory 

depression
• Airway obstruction
• Impaired gas exchange, as in acute respiratory dis-

tress syndrome (ARDS)

• Impaired ventilation, such as pneumothorax
• Pulmonary embolus

Electrolyte Imbalances
• Hyperkalemia
• Hypomagnesemia
• Hyper- or hypocalcemia

Interventions
• Pulmonary artery catheterization
• Cardiac catheterization
• Surgery
• Medications (drug toxicity, drug side effects)

RED FLAG! When a patient is determined 
to be in cardiopulmonary arrest, seconds matter. 
Unless defi nitive action is taken within 4 to 6 
minutes, the patient will experience irreversible brain 
injury. Prompt intervention is necessary if the patient 
is going to have a chance of survival.

Equipment and Medications Used 
During a Code
The equipment and medications used during 
resuscitative efforts are kept in a central location, 
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B O X  1 1 - 4   Roles and Responsibilities of Code Team Members

The specifi c members of the code team will vary 
depending on the facility.

Code Director (Physician/Nurse Practitioner/
ACLS Qualifi ed Personnel)
• Make diagnosis.
• Direct treatment.

Primary Nurse
• Provide information to code director.
• Contact attending physician.

Second Nurse
• Coordinate use of emergency cart.
• Prepare medications.
• Assemble/pass equipment.
• Defi brillate.

Medication Nurse
• Administer medications.

Charge Nurse
• Coordinate personnel performing cardiopulmonary 

resuscitation (CPR).

Nursing Supervisor
• Control crowd.
• Provide explanations and support to family members 

who may be present.

Anesthesiologist/Nurse Anesthetist
• Intubate patient.
• Manage airway/oxygenation.

Respiratory Therapist
• Assist with intubation.
• Set up mechanical ventilator.
• Assist with manual ventilation.
• Draw arterial blood gases (ABGs).

Recorder
• Record events, personnel involved.

B O X  1 1 - 5   The American Heart Association 
(AHA)/Emergency Cardiac Care 
(ECC) Chain of Survival

1. Immediate recognition of cardiac arrest and activa-
tion of the emergency response system

2. Early cardiopulmonary resuscitation (CPR) with an 
emphasis on chest compressions

3. Rapid defi brillation
4. Effective advanced cardiac life support (ACLS)
5. Integrated post–cardiac arrest care

defi brillator (AED). In the hospital, the nurse initiat-
ing CPR is usually operating as part of a team. One 
team member starts compressions, one obtains the 
AED and calls for help, and another opens the air-
way and initiates ventilation using the MRB.

Cardiopulmonary Resuscitation
In 2010, the American Heart Association (AHA) 
changed the guidelines for CPR. Whereas previously 
an “ABC” (airway, breathing, circulation) approach 
was recommended, the current recommenda-
tions are for a “CAB” (circulation, airway, breath-
ing) approach. This change was made in response 
to studies that showed that the amount of oxygen 
in a person’s blood at the time of collapse is suffi -
cient to sustain basic processes until emergency 
help arrives, and that better outcomes are achieved 
by circulating the blood fi rst (as opposed to oxygen-
ating blood that is not being circulated throughout 
the body). In addition to compressions fi rst, the new 
AHA guidelines for CPR call for faster and deeper 
compressions.

Circulation
If a pulse is not detected, then chest compressions 
are initiated per BLS protocol. To facilitate chest 
compressions, the patient is placed in a supine posi-
tion on a fi rm, fl at surface. Many hospital beds have 
a “CPR” setting that provides a hard, fl at surface, 
or a resuscitation board may be placed under the 
patient’s torso. Hard chest compressions are applied 
directly downward, with the sternum depressed 2 in 
and released abruptly (Fig. 11-1). The chest must be 
allowed to recoil fully between compressions. This 
rhythm is maintained at a rate of approximately 100 
compressions per minute. When working in tandem 
with other team members (as is the case when CPR 

usually on a rolling cart referred to as a “crash cart” 
(Table 11-1). Crash carts are stocked in a standard 
way to assist personnel in locating specifi c equip-
ment and medications during an emergency. The 
intubation tray and a cardiac monitor–defi brillator 
are located on the top of the cart. An oxygen tank, 
oxygen tubing, a manual resuscitation bag (MRB, 
Ambu bag), and suctioning equipment are also 
stowed on the outside of the cart. Labeled drawers 
hold medications (Table 11-2) and other supplies. 
The cart must be inventoried daily to ensure that its 
contents are complete and available in the event of a 
cardiopulmonary arrest.

Responding to a Code
Basic Life Support Measures (Primary 
Survey)
BLS measures for a person in cardiopulmonary 
arrest include cardiopulmonary resuscitation (CPR) 
and early defi brillation with an automated external 
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TA B L E  1 1 - 1 Resuscitation Equipment Cart

Equipment Purpose

Intubation equipment
 Straight and curved blades
 Endotracheal tubes
 Syringes
 Oropharyngeal airways
 Nasopharyngeal airways

• Provides adequate, patent airway, thus ensuring oxygenation of the 
lungs during resuscitation

• Allows the patient to be placed on mechanical ventilation
• Reduces chances for gastric distention, aspiration, or vomiting
• Allows for the administration of oxygen in high concentrations
• Provides route for NAVEL medications (ie, those that can be administered 

via endotracheal tube): naloxone, atropine, valium, epinephrine, lidocaine
Oxygen tank
Manual resuscitation bag (MRB)
Suctioning equipment
 Suction source
 Suction catheters
 Suction tubing

• Ensures that oxygen is available if wall oxygen is unavailable
• Permits delivery of breaths manually
• Clears oropharyngeal (nasopharyngeal) airway before intubation
• Ensures that suctioning is available if wall suction is unavailable

IV fl uids and tubing • Improves hypotension
Nitroglycerin tubing • Prevents precipitation of IV nitroglycerin
Medications (advanced cardiac life support 

[ACLS] drugs as a minimum)
 Amiodarone
 Lidocaine
 Atropine
 Epinephrine
 Sodium bicarbonate
 Calcium chloride
 D50
 Adenosine 
 Magnesium
 Premixed dopamine infusion

• Used to support circulation, correct underlying dysrhythmias or 
electrolyte imbalances

Drip chart • Allows for rapid titration of ACLS/critical care drugs during and after 
resuscitation without having to perform complex calculations

Blood tubes
 Red—chemistries
 Blue—coagulation studies
 Purple—hematology (complete blood count)
 Green—troponin

• Allows for the rapid drawing and sending of blood for analysis

Arterial blood gas (ABG) kits • Allows for rapid drawing and sending of ABGs
Peripheral IV supplies • Ensures access for fl uid and IV drug administration
Prefi lled fl ush syringes (normal saline) • Allows for faster fl ushing of IV lines
Needles • Allows for drawing up of medications
Decompression (cardiac) needles • Used in cardiac tamponade
Clipboard with paper and pen; code sheets • Used to document the arrest
Pressure bags • Used for rapid infusion of fl uid boluses
Manual blood pressure cuff • Used to monitor effectiveness of resuscitation
Gloves (latex, nonlatex, sterile) • Used for infection control
Defi brillator/transcutaneous pacemaker • Used for defi brillation, cardioversion, and temporary transcutaneous 

pacing
Resuscitation board • Used to create a fl at, hard surface to improve chest compressions

is being performed in the critical care unit), there 
is no pause for the breath; one team member pro-
vides uninterrupted chest compressions, while the 
other administers the breaths using the MRB. A 
third team member checks the patient’s carotid or 
femoral pulses at regular intervals to determine the 
adequacy of compressions. If no third team member 
is present, CPR should not be interrupted for a pulse 
check.3

Airway
The nurse assesses for an adequate airway. In an 
unintubated patient, the airway is opened using 
the head tilt–chin lift method or the jaw thrust 

maneuver (Fig. 11-2). If the patient is intubated, the 
nurse suctions the artifi cial airway and attempts to 
ventilate the patient with the MRB. If spontaneous 
respirations do not return once a patent airway is 
established, then the patient must be assisted with 
breathing and an artifi cial airway secured if not 
already present.

Breathing
Oxygen is delivered as rescue breaths using an 
MRB. The MRB is connected to 100% high-fl ow 
oxygen, and either the mask portion is placed over 
the patient’s mouth and nose or the adapter is con-
nected directly to the endotracheal or tracheostomy 
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TA B L E  1 1 - 2 Medications Used to Treat a Patient in Cardiopulmonary Arrest

Drug Class Uses Dosages

Adenosine Antidysrhythmic Supraventricular 
tachycardia, atrial 
fi brillation

6 mg rapid IV followed by 10 mL 
NS fl ush

Repeat twice with 12 mg
Max. dose: 30 mg

Amiodarone Antidysrhythmic Ventricular tachycardia, 
supraventricular 
tachycardia, atrial 
fi brillation, ventricular 
fi brillation

150–300 mg bolus, 1 mg/min for 
6 h, then 0.5 mg/min for 18 h

Atropine Anticholinergic Bradycardia 0.5–1.0 mg IV
Max. dose: 3 mg

Calcium chloride Electrolyte Hyperkalemia, 
hypocalcemia, calcium 
channel blocker toxicity

Syringe 10 mL of 10% solution 
(100 mg/mL), 2–4 mg/kg

Dobutamine Inotrope; β1 agonist Decreased cardiac output 5–20 μg/kg/min
Dopamine Inotrope; β1 agonist Hypotension 5–20 μg/kg/min
Epinephrine Catecholamine Ventricular fi brillation

Pulseless ventricular 
tachycardia, pulseless 
electrical activity

Syringe 1:10,000, 1-mg bolus IV
Repeat q 3–5 min

Isoproterenol Catecholamine; β agonist Ventricular tachycardia, 
ventricular fi brillation

Drip 0.5–5 μg/min

Lidocaine Antidysrhythmic Ventricular tachycardia, 
ventricular fi brillation

Bolus 1–1.5 mg/kg
Drip 20–50 μg/kg/min

Magnesium sulfate Electrolyte Torsades de pointes Drip 1–2 g/50 mL
Normal saline

Nitroglycerin Coronary vasodilator Myocardial infarction, angina 5–100 μg/min
Procainamide Antidysrhythmic Ventricular tachycardia, 

ventricular fi brillation
Bolus 5–10 mg/kg over 8–10 min
Drip 20–30 mg/min

Sodium bicarbonate Alkalinizer Acidosis 50 mEq syringe
Normal dose is 1 mEq/kg

Vasopressin Nonadrenergic, endogenous 
antidiuretic hormone; 
vasoconstrictor

Ventricular fi brillation
Pulseless ventricular 

tachycardia

40 U to be substituted for the fi rst 
of second dose of epinephrine

Verapamil Calcium channel blocker Supraventricular tachycardia 2.5–5 mg IV over 2 min
Repeat 5–10 mg in 15–30 min

F I G U R E  1 1 - 1  Delivering chest compressions. To be effective, chest compressions must be applied using 
proper technique.
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tube. The bag reservoir is squeezed to deliver 
breaths while observing the rise and fall of the chest 
wall to verify that the breaths are actually ventilat-
ing the lungs. Another team member can auscultate 
the patient’s lung fi elds to confi rm that the delivered 
breaths are reaching the lungs.

RED FLAG! Chest compressions should 
not be interrupted to deliver the breaths. The AHA 
recommends asynchronous breathing with chest 
compressions.

A

B

F I G U R E  1 1 - 2  A: The head tilt–chin lift maneuver is used to open 
the airway in an unintubated patient. B: The jaw thrust maneuver is 
used without head extension if cervical spine trauma is suspected.

Automated External Defi brillation
AEDs are frequently used in the hospital setting, 
including critical care units. Once the AED is placed 
on the patient, chest compressions are stopped so 
that the AED can read the rhythm and deliver a 
countershock.

RED FLAG! When an AED is being used and 
is reading the rhythm, all personnel must avoid
touching the patient, the bed, or any of the 
equipment attached to the patient.

Advanced Cardiac Life Support Measures 
(Secondary Survey)
ACLS assessments and interventions are more in-
depth and sophisticated than those used during the 
BLS primary survey. While the ACLS steps are being 
carried out, chest compressions continue with mini-
mal interruptions. The “ABCDs” of ACLS are

• Airway. If needed, defi nitive airway management 
(eg, endotracheal intubation) takes place now.

• Breathing. Proper placement of the endotracheal 
tube is verifi ed using end-tidal carbon dioxide 
(ETCO2) monitoring. Oxygen is administered, and 
oxygenation is evaluated using pulse oximetry.

• Circulation. If not already present, an IV line may 
be inserted. Medications (eg, antidysrhythmics, 
inotropes, vasoconstrictors, electrolyte replace-
ments) and electrical therapies (eg, defi brillation, 
transcutaneous pacing) may be used to correct 
dysrhythmias and support circulation.

• Differential diagnosis. The underlying cause of 
the cardiopulmonary arrest is explored in more 
depth so that measures to treat it can be initiated.

The nurse assesses the electrocardiogram (ECG) 
rhythms on the monitor throughout the resuscita-
tion effort. If the patient is in ventricular fi brillation 
or pulseless ventricular tachycardia, preparations for 
defi brillation need to be started immediately while 
continuing to provide chest compressions and ventila-
tion. The defi brillator paddles are positioned so that the 
heart is in the current pathway (Fig. 11-3). The proce-
dure for defi brillation is given in Box 11-6. Current rec-
ommendations are to attempt defi brillation using one 
shock, with immediate resumption of CPR. Following 
this fi rst shock, fi ve cycles of CPR are performed. If the 
patient remains in a shockable rhythm, then a second 
shock is delivered. After each subsequent shock, fi ve 
more cycles of CPR are performed before determining 
whether the patient is in a shockable rhythm.3

If the patient has bradycardia that is unrespon-
sive to drug therapy, Mobitz type II heart block, or 
third-degree (complete) heart block, transcutaneous 
pacing may be used to try and correct the dysrhyth-
mia (see Chapter 8). On most defi brillators, the large 
pacing electrodes (“combination pads”) can be used 
to pace a patient transcutaneously. In patients with 
profound asystolic arrest, transcutaneous pacing 
should not be relied on indefi nitely.
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hypothermic therapy for cardiac arrest caused by 
other dysrhythmias.4 During cardiac arrest, blood 
fl ow to the brain is compromised, and even prompt 
interventions may not counteract the deleterious 
effects of this hemodynamic compromise. Studies 
have shown that cooling the patient after cardiac 
arrest may preserve neurological function by reduc-
ing the cerebral metabolic rate for oxygen (CMRO2).

F I G U R E  1 1 - 3  Standard positioning of defi brillator paddles (sternum–
apex position). The anterior paddle is placed fi rmly on the patient’s 
upper right chest below the clavicle and to the right of the sternum. 
The apex paddle is positioned fi rmly on the patient’s lower left chest 
in a midaxillary line.

B O X  1 1 - 6   Procedure for Defi brillation

1. Apply defi brillator pads to the patient.
2. Turn on defi brillator.
3. Set the number of joules (J):

Monophasic device: 360 J
Biphasic device: 120 or 200 J, depending on device

4. Ensure that personnel are not touching the patient 
or bed.

5. Deliver shock.
6. Continue cardiopulmonary resuscitation (CPR).
7. Prepare to deliver subsequent shocks per advanced 

cardiac life support (ACLS) protocol.

Post–Cardiac Arrest Care
Following successful conversion to a perfusing 
rhythm, the patient may be hemodynamically 
unstable and require continuous intensive monitor-
ing. Vasoconstrictors may be administered to main-
tain an adequate blood pressure. If the patient was 
placed on a transcutaneous pacemaker during the 
cardiopulmonary arrest, then a transvenous pace-
maker may need to be inserted until a permanent 
pacemaker can be placed.

Induced therapeutic hypothermia (32° to 34° 
Celsuis) may benefi t unconscious adult patients who 
experience out-of-hospital cardiac arrest due to ven-
tricular fi brillation and who are resuscitated in the 
fi eld. In addition, there is evidence that supports 

C A S E  S T U D Y

Mr. B. was being cared for in the critical care 
unit following an acute myocardial infarction. He 
presented to the emergency department complain-
ing of “heaviness” in his chest. He was diaphoretic 
and dyspneic. The initial 12-lead ECG revealed 
ST-segment elevation in leads I, aVL, and V1 through 
V5, with signifi cant Q waves in V1 throughV4.

Mr. B. is admitted to the critical care unit fol-
lowing cardiac catheterization for angioplasty and 
placement of drug-eluting stents. He is kept in a 
supine position with his leg straight. Initial assess-
ment of the groin access site reveals an intact, dry 
dressing, and no swelling or hematoma. Mr. B. is 
awake, oriented, and cooperative.

Three hours following the cardiac catheteriza-
tion procedure, Mr. B. develops some swelling at 
the groin site and pressure is applied. At this time, 
Mr. B. is awake, alert, and cooperative, but an hour 
later, he becomes restless and agitated and com-
plains of low back pain. He is thrashing around 
in the bed and will not remain supine. The nurse 
pages the physician and requests that he come to 
the bedside urgently. Mr. B. is becoming progres-
sively more combative, and suddenly he loses 
consciousness. A code is called and the code team 
responds with the crash cart to the bedside.

The nurse quickly assesses Mr. B. and fi nds 
that he is not breathing. A manual resuscitation 
bag (MRB) is used to ventilate Mr. B after open-
ing the airway with a head tilt. The cardiac monitor 
shows a rhythm, but no pulse is palpable. Chest 
compressions are started immediately. Another 
nurse assesses pulses during chest compressions 
to assure adequate compressions. A nurse anes-
thetist intubates Mr. B., and a respiratory therapist 
maintains ventilation.

The responding physician orders laboratory 
studies and the administration of IV fl uid boluses 
and ACLS medications. Mr. B. is noted to have 
pulseless electrical activity and potential underlying 
causes are managed. Mr. B. dies following multiple 
attempts to reestablish a perfusing rhythm.

1. Why did the nurse call the physician to the bed-
side when Mr. B. became agitated?

2. How should the nurse performing cardiopul-
monary resuscitation (CPR) deliver chest 
compressions?
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THREE

C H A P T E R

Patient Assessment:
Cardiovascular System12

Cardiovascular System

Based on the content in this chapter, the reader should be able to:

1 Describe the components of the history for cardiovascular assessment.
2 Explain the use of inspection, palpation, percussion, and auscultation for 

cardiovascular assessment.
3 Discuss the mechanisms responsible for the production of the fi rst, second, 

third, and fourth heart sounds and their timing in the cardiac cycle.
4 Describe the attributes of common systolic and diastolic murmurs.
5 Discuss the use of routine blood tests, serum lipid levels, and biochemical 

markers in the diagnosis and monitoring of cardiovascular disease.
6 Discuss the purpose of cardiovascular diagnostic studies and associated 

nursing implications.

O B J E C T I V E S

Although advanced and complex technologies 
are being used with increasing frequency to assess 
and manage cardiovascular conditions, a compre-
hensive history and physical examination is also an 
integral part of care for critically ill patients with 
cardiovascular conditions.

History
The cardiovascular history provides information 
that guides the physical assessment, the selection of 
diagnostic tests, and the choice of treatment options. 

Elements of the cardiovascular history are summa-
rized in Box 12-1.

The nurse begins the history by investigating the 
patient’s chief complaint. Obtaining answers to the 
questions posed in Box 12-2 helps the nurse to bet-
ter understand the nature of the patient’s signs and 
symptoms, and may provide clues to the underlying 
cause. Chest pain, one of the most common symp-
toms of cardiovascular disease, is commonly caused 
by coronary artery disease (CAD). Chest pain may 
also be secondary to cardiovascular problems that are 
unrelated to CAD (eg, pericarditis). Differential diag-
noses of chest pain are summarized in Table 12-1.
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B O X  1 2 - 1 Cardiovascular Health History

History Of The Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format; see Box 12-2 below):

• Chest pain
• Nausea or vomiting
• Dyspnea
• Edema
• Palpitations
• Syncope/dizziness
• Cough and hemoptysis
• Nocturia
• Cyanosis
• Extremity pain or paresthesias

Past Health History

• Relevant childhood illnesses and immunizations: 
rheumatic fever, murmurs, congenital anomalies, 
streptococcal infections

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: heart failure, 
hypertension, coronary artery disease, myocardial 
infarction, hyperlipidemia, valve disease, cardiac 
dysrhythmias, diabetes mellitus, endocarditis, throm-
bophlebitis, DVT, peripheral vascular disease, chest 
injury, pneumonia, pulmonary embolism, thyroid 
disease, tuberculosis

• Risk factors: age, heredity, gender, race, tobacco use, 
elevated cholesterol, hypertension, physical inactivity, 
obesity, diabetes mellitus (see Box 12-3)

• Past surgeries: coronary artery bypass graft-
ing (CABG), valvular surgery, peripheral vascular 
surgeries

• Past diagnostic tests and interventions: ECG, 
electrocardiogram, echocardiogram, stress test, 
electrophysiology studies, myocardial imaging stud-
ies, thrombolytic therapy, cardiac catheterization, 
percutaneous transluminal cardiac angioplasty, stent 
placement, atherectomy, pacemaker or implantable 
cardioverter defi brillator implantation, valvuloplasty

• Medications, including prescription drugs, over-the-
counter drugs, vitamins, herbs, and supplements: 
angiotensin-converting enzyme (ACE) inhibitors, 
anticoagulants, antihypertensives, antiplatelets, antiar-
rhythmics, angiotensin II receptor blockers (ARBs), 
β-blockers, calcium channel blockers, antihyperlip-
idemics, diuretics, electrolyte replacements, nitrates, 
inotropes, hormone replacement therapies, oral contra-
ceptives, use of agents for erectile dysfunction

• Allergies and reactions to medications, foods, con-
trast dye, latex or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and 
siblings: CAD, hypertension, diabetes mellitus, sud-
den cardiac death, stroke, peripheral vascular disease, 
lipid disorders

Personal and Social History

• Tobacco, alcohol, and substance use
• Environment
• Diet: restrictions, supplements, caffeine intake
• Sleep patterns: number of pillows used
• Exercise

Review of Other Systems

• HEENT: retinal problems, visual changes, headaches, 
carotid artery disease

• Respiratory: shortness of breath, dyspnea, cough, 
lung disease, recurrent infections, pneumonia, 
tuberculosis

• Gastrointestinal: nausea, vomiting, weight loss, 
change in bowel habits

• Genitourinary: incontinence, erectile dysfunction
• Musculoskeletal: pain, weakness, varicose veins, 

change in sensation, peripheral edema
• Neurological: transient ischemic attacks, stroke, 

change in level of consciousness, changes in sensations
• Endocrine: thyroid disease, diabetes mellitus

B O X  1 2 - 2   Assessment Parameters: Questions to Ask in a Symptom Assessment

N—Normal: Describe your normal baseline. What was 
it like before this symptom developed?

O—Onset: When did the symptom start? What day? 
What time? Did it start suddenly or gradually?

P—Precipitating and palliative factors: What brought 
on the symptom? What seems to trigger it—factors 
such as stress, position change, or exertion? What 
were you doing when you fi rst noticed the symp-
tom? What makes the symptom worse? What mea-
sures have helped relieve the symptom? What have 
you tried so far? What measures did not relieve the 
symptom?

Q—Quality and quantity: How does it feel? How 
would you describe it? How much are you 

experiencing now? Is it more or less than you experi-
enced at any other time?

R—Region and radiation: Where does the symptom 
occur? Can you show me? In the case of pain, does it 
travel anywhere such as down your arm or in your back?

S—Severity: On a scale of 0 to 10, with 0 being the 
absence of pain and 10 being the worst ever experi-
enced, rate your symptom. How bad is the symptom at 
its worst? Does it force you to stop your activity and sit 
down, lie down, or slow down? Is the symptom getting 
better or worse, or staying about the same?

T—Time: How long does the symptom last? How often 
do you get the symptom? Does it occur in association 
with anything, such as before, during, or after meals?
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TA B L E  1 2 - 1 Differential Diagnosis of Chest Pain

Diagnosis Onset of Pain Quality of Pain Relieved By

Angina pectoris Sudden, after heavy meal or 
exertion; may also occur at rest 
(unstable angina)

Heavy, crushing, 
squeezing, choking

Rest, nitroglycerin

Acute myocardial 
infarction

Varies, may be associated with 
feeling of doom

Similar to angina, but more 
severe

No relief with rest or 
nitroglycerin

Pericarditis Varies, may be preceded by 
“fl u-like” symptoms for several 
days to weeks; onset usually 
accompanied by fever and chills

Pleuritic
Sharp, stabbing, worsens 

with inspiration and 
coughing

Sitting up, leaning forward, 
breathing shallowly, 
decreasing movement of chest 
and arms, nonsteroidal anti-
infl ammatory drugs (NSAIDs)

Acute aortic 
dissection

Sudden, may be associated with 
syncope; intense from the onset

Ripping, tearing sensation; 
may be followed by a 
period of minimal pain 
(latency period) before 
severe, unrelenting pain 
often described as the 
worst pain the patient 
has ever experienced

No relief

The patient’s past health history, family history, 
and personal and social history can provide impor-
tant information about the patient’s risk factors 
for cardiovascular disease (Box 12-3). The history 
concludes with a review of relevant systems. The 

B O X  1 2 - 3   Risk Factors for Cardiovascular Disease

Major Uncontrollable Risk Factors
• Age: Incidence of all types of atherosclerotic disease 

increases with aging.
• Heredity: Even when other risk factors are controlled, 

the chance for development of coronary artery disease 
(CAD) increases when there is a familial tendency.

• Gender: Men have a greater risk for developing CAD 
than do women at earlier ages. After menopause, 
women’s death rate from myocardial infarction 
increases but is not as great as men’s.

• Race: Rates of cardiovascular disease are higher 
for African Americans, Mexican Americans, Native 
Americans, Native Hawaiians, and some Asian 
Americans.

Risk Factors That Can Be Modifi ed, Treated, 
or Controlled
• Tobacco smoking: A smoker’s risk for a myocardial 

infarction is more than twice that of a nonsmoker.
• High blood cholesterol: The risk for CAD increases 

as the blood cholesterol level rises. When other risk 
factors are present, this risk increases even more.

• Hypertension: Hypertension increases the risk for 
stroke, myocardial infarction, kidney failure, and 
heart failure.

• Physical inactivity: Moderate to vigorous regular 
exercise plays a signifi cant role in preventing heart 
disease and CAD, and in controlling cholesterol, dia-
betes, obesity, and hypertension.

• Obesity: Excess body fat, especially at the waist, 
increases a person’s risk for developing heart disease 

and stroke, even in the absence of other risk factors. 
Excess weight raises blood pressure, blood choles-
terol, and blood triglyceride levels; lowers high- density 
lipoproteins; and promotes the development of 
diabetes.

• Diabetes mellitus: Even when blood glucose levels 
are under control, diabetes greatly increases the risk 
for heart disease and stroke.

Contributing Risk Factors
• Stress: A person’s response to stress may be a contrib-

uting factor to heart disease.
• Excessive alcohol intake: Drinking too much alcohol 

can raise blood pressure, cause heart failure, lead to 
stroke, contribute to high triglycerides and obesity, 
and produce arrhythmias.

Metabolic Syndrome
A group of risk factors associated with an increased risk 
for developing cardiovascular disease and type 2 dia-
betes, metabolic syndrome is diagnosed when three or 
more of the following risk factors are present:

• Fasting blood glucose of 100 mg/dL or higher
• HDL cholesterol below 40 mg/dL in men or below 

50 mg/dL in women
• Triglycerides of 150 mg/dL or higher
• Waist circumference of 40 in (102 cm) or higher in 

men or 35 in (88 cm) or higher in women
• Systolic blood pressure of 130 mm Hg or higher, 

 diastolic blood pressure of 85 mm Hg or higher, or 
drug treatment for hypertension

information obtained during the review of systems 
provides insight into the patient’s overall health 
status and helps determine the impact of cardio-
vascular disease on the functioning of other body 
systems.
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asymmetry, any depression or bulging of the 
 precordium, and any signs of trauma or injury.

• Extremities. The nurse examines the extremi-
ties for lesions, ulcerations, unhealed sores, 
varicose veins, and hair distribution. A lack of 
normal hair distribution on the extremities may 
indicate diminished arterial blood fl ow to the 
area.

• Skin. The nurse evaluates the skin for moistness or 
dryness, color, elasticity, edema, thickness, lesions, 
ulcerations, and vascular changes. Cyanosis and 
clubbing of the nailbeds may indicate chronic 
cardiac or pulmonary abnormalities. General dif-
ferences in color and temperature between body 
parts may provide perfusion clues.

Palpation
Pulses
The nurse palpates the brachial, radial, femoral, popli-
teal, posterior tibial, and dorsalis pedis pulses bilater-
ally to determine symmetry and strength (rated on a 
scale of 0 to +4). The nurse also compares the warmth 
of the palpated areas to monitor perfusion.

RED FLAG! The carotid pulses are never assessed 
simultaneously, because doing so can obstruct 
blood fl ow to the brain.

Abnormal pulses include the following.

• Pulses tardus (a prolonged pulse with a weak, slow 
upstroke) is often associated with aortic stenosis.

• Pulsus alternans (a pulse that alternates in 
strength with every other beat) is often found in 
patients with left ventricular failure.

• Pulsus paradoxus, often seen in hypovolemic 
patients, is a pulse that decreases during inspira-
tion but returns to normal during expiration. To 
measure pulsus paradoxus, the sphygmomanom-
eter is defl ated until the pulse is heard only during 
expiration, and the corresponding systolic pres-
sure is noted. As the cuff continues to defl ate, the 
point at which the pulse is heard throughout the 
inspiratory and expiratory cycle is noted. The sec-
ond systolic pressure reading is subtracted from 
the fi rst; if the difference is greater than 10 mm Hg 
during normal respirations, the pulsus paradoxus 
is considered pathological.

• Pulsus bisferiens is an arterial pulse with two 
systolic peaks.

Precordium
The chest wall is palpated to assess for the PMI, 
thrills (palpable vibrations that usually represent a 
disruption in blood fl ow related to a defect in one 
of the semilunar valves), and abnormal pulsations. 
The nurse follows a systematic palpation sequence 
with the patient in a supine position. The PMI is 
palpated, and its location, diameter, amplitude, 
and duration are noted. If the PMI is diffi cult to 
palpate, assisting the patient into the left lateral 
decubitus position may facilitate palpation. Next, 

Physical Examination 
Inspection
Inspection encompasses several points:

• General appearance and presentation. The 
patient’s general appearance and presentation are 
key elements of the initial inspection. The nurse 
notes fi rst impressions of the patient’s age, nutri-
tional status, self-care ability, alertness, overall 
physical health, and ability to move and speak with 
or without distress. The patient’s posture, gait, and 
musculoskeletal coordination are also considered.

• Jugular venous distention. Evaluation of jugular 
venous distention provides insight into hemodynam-
ics and cardiac function. The height of the level of 
blood in the right internal jugular vein is an indica-
tion of right atrial pressure (RAP) because there are 
no valves or obstructions between the vein and the 
right atrium. Jugular venous distention is assessed 
by measuring the highest point of visible pulsa-
tion as the vertical distance above the sternal angle 
(Fig. 12-1). A level more than 3 cm above the sternal 
angle indicates an abnormally high volume in the 
venous system (eg, as a result of right-sided heart 
failure, obstruction of the superior vena cava, or peri-
cardial effusion). An increase in the jugular venous 
pressure of more than 1 cm while pressure is applied 
to the abdomen for 60 seconds (hepatojugular or 
abdominojugular test) indicates the heart’s inability 
to accommodate the increased venous return.

• Chest. Inspection of the chest may reveal the 
location of the point of maximal impulse (PMI).
Usually, the PMI is located at the fi fth intercostal 
space (ICS) on the midclavicular line; however, 
in some pathological conditions, it may be dis-
placed. (For example, left ventricular hypertrophy 
displaces the PMI laterally.) The nurse also notes 
abnormally strong precordial pulsations (thrusts), 

Venous
pressure

Sternal
angle

External
jugular
vein

Internal
jugular
vein

30˚

F I G U R E  1 2 - 1  To assess jugular venous pressure, place the patient 
supine in bed and gradually raise the head of the bed to 30, 45, 60, 
and 90 degrees. Using tangential lighting, note the highest level of 
venous pulsation. Measure the vertical distance between this point 
and the sternal angle. Record this distance in centimeters and the 
angle of the head of the bed.
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increases the intensity of S1 because of a thicken-
ing of the valvular structures.

• A soft S1 is produced when the valve leafl ets have 
had time to fl oat partially closed before ventricular 
systole, and it corresponds to a lengthening of the 
PR interval on the ECG.

S1 is made of two component sounds: the closing of 
the mitral valve (left side), followed by the closing of 
the tricuspid valve (right side). Usually, S1 is heard 
as a single sound. However, if right ventricular sys-
tole is delayed, S1 may be heard as a split sound. 
The most common cause of this splitting is delay in 
the conduction of impulses through the right bundle 
branch; the splitting correlates with a right bundle 
branch block pattern on the ECG. Splitting of S1 is 
heard best over the tricuspid area.

Second Heart Sound
S2 is produced by the closure of the semilunar (aor-
tic and pulmonic) valves and is heard best over the 
aortic area. S2, which represents the beginning of 

the lower and upper left sternal border areas, the 
sternoclavicular area, the upper and lower right 
sternal border areas, the lower right sternal border 
area, and the epigastric area are palpated to assess 
for thrills.

Percussion
Although radiologic methods give more precise data 
about heart size, a gross estimation of heart size can 
be made by percussing for the dullness that refl ects 
the cardiac borders.

Auscultation
The precordium is auscultated systematically 
(Fig. 12-2). In each area auscultated, the nurse iden-
tifi es the fi rst (S1) and second (S2) heart sound not-
ing the intensity of the sound, respiratory variation, 
and splitting. After S1 and S2 are identifi ed, the nurse 
notes the presence of extra heart sounds (S3 and S4). 
Finally, each area is auscultated for the presence of 
murmurs and friction rubs.

Heart Sounds
First Heart Sound
S1 is produced by the closure of the atrioventricular 
(mitral and tricuspid) valves and correlates with the 
beginning of ventricular systole (Fig. 12-3A). Because 
the mitral valve closes fi rst, and thus is responsible 
for most of the sound heard, S1 is heard best in the 
mitral (apical) area. The intensity (loudness) of S1 
varies with the length of time the valve is open and 
the structure of the leafl ets (thickened or normal):

• A loud S1 is produced when the valve leafl ets are 
wide open at the onset of ventricular systole, and 
it corresponds to a short PR interval on the elec-
trocardiogram (ECG) tracing. Mitral  stenosis also 

Pulmonic area
(2nd ICS left
sternal border)

Aortic area
(2nd ICS
right sternal
border)

Tricuspid area
(4th ICS left of
sternal border)

Mitral area
(5th ICS
midclavicular)

F I G U R E  1 2 - 2  Areas of auscultation.

1st

Normal: S1 is produced by the closure of the AV valves and
correlates with the beginning of ventricular systole. It is heard
best in the apical or mitral area.

2nd 1st 2nd 1st 2nd

Systole Diastole

1st
3rd

B. Third heart sound (S3) Occurs during the early, rapid
filling phase of ventricular diastole; heard best at apex

2nd

Systole Diastole

1st
3rd

2nd
1st

3rd

2nd

4th

C. Fourth heart sound (S4) Occurs during the late diastolic
phase during the atrial contraction; heard best at apex

1st
2nd

4th
1st

2nd

4th
1st

2nd

Systole Diastole

A. First (S1) and second (S2) heart sound.

Normal: S2 is produced by the closure of aorta and plumonic
valves and correlates with the beginning of ventricular diastole

F I G U R E  1 2 - 3  Graphic depiction of heart sounds.
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Fourth Heart Sound
An S4 (atrial gallop) is a low-frequency sound heard 
late in diastole just before S1(see Fig. 12-3C). It is 
rarely heard in healthy patients. The sound is pro-
duced when atrial contraction forces blood into a 
noncompliant ventricle. Systemic hypertension, 
myocardial infarction, angina, cardiomyopathy, and 
aortic stenosis all may produce a decrease in left 
ventricular compliance and an S4. A left ventricu-
lar S4 is auscultated at the apex with the bell of the 
stethoscope. Conditions affecting right ventricular 
compliance, such as pulmonary hypertension or 
pulmonic stenosis, may produce a right ventricular 
S4 heard best at the fourth ICS at the left sternal bor-
der; it increases in intensity during inspiration.

Summation Gallop
With rapid heart rates that shorten ventricular 
diastole, if an S3 and S4 are both present, they may 
fuse together and become audible as a single dia-
stolic sound. This is called a summation gallop. This 
sound is loudest at the apex and is heard best with 
the stethoscope bell while the patient lies turned 
slightly to the left side.

Heart Murmurs
Murmurs are sounds produced either by the for-
ward fl ow of blood through a stenotic valve or by 
the backward fl ow of blood through an incompe-
tent valve or septal defect. Murmur classifi cation is 
based on several attributes (Box 12-4).

ventricular diastole, also consists of two separate 
components: aortic valve closure followed by pul-
monic valve closure. With inspiration, right ven-
tricular systole is prolonged slightly because of 
increased fi lling of the right ventricle. This causes 
the pulmonic valve to close later than the aortic 
valve and S2 to be heard as a split sound. This nor-
mal fi nding is termed physiological splitting. The 
intensity of S2 may be increased in the presence 
of aortic or pulmonic valvular stenosis or when an 
increase in the diastolic pressure forces the semilu-
nar valves to close, as occurs in pulmonary or sys-
temic hypertension.

Third Heart Sound
An S3 is a low-frequency sound that occurs during the 
early, rapid-fi lling phase of ventricular diastole (see 
Fig. 12-3B). A physiological S3 is a normal fi nding in 
children and healthy young adults; it usually disap-
pears after 25 to 35 years of age. A pathological S3 is 
produced when a noncompliant or failing ventricle 
cannot distend to accept the rapid infl ow of blood.

This causes turbulent fl ow, resulting in the vibration 
of the atrioventricular valves or the ventricles them-
selves, producing a low-frequency sound. An S3, most 
commonly associated with left ventricular failure, is 
heard best at the apex with the stethoscope bell. The 
sound may be accentuated by having the patient turn 
slightly to the left side. A right ventricular S3 is heard 
best at the lower left sternal border and varies in inten-
sity with respiration, becoming louder on inspiration.

B O X  1 2 - 4   Attributes of Heart Murmurs

Timing
Systolic murmurs:
• Midsystolic murmur begins after S1 and stops before S2.
• Pansystolic (holosystolic) murmur starts with S1 and 

stops with S2 without a gap between the murmur and 
the heart sound.

• Late systolic murmur starts in mid to late systole and 
continues up to S2.

Diastolic murmurs:
• Early diastolic murmur starts right after S2 and fades 

before the next S1.
• Middiastolic murmur starts a short time after S2 

and fades away or merges into a late diastolic murmur.
• Late diastolic murmur starts late in diastole and con-

tinues up to S1.

Location of maximal intensity. This is the anatomical 
location where the murmur is heard best, identifi ed 
based on ICS and its relation to the sternum, the 
apex, the midclavicular line, or one of the axillary 
lines.

Radiation. This is the site farthest from the location 
of the greatest intensity at which the sound is still 
heard, identifi ed using the anatomical landmarks 
described previously.

Pitch. The terms high, medium, and low are used to 
describe the pitch of the murmur.

Shape. The shape of a murmur is determined by its 
intensity over time.

• A crescendo murmur grows louder.
• A decrescendo murmur grows softer.
• A crescendo-decrescendo murmur fi rst rises in inten-

sity, then falls.
• A plateau murmur has the same intensity throughout.

Intensity. A grading system is used to describe the 
intensity of the murmur (scales 1 through 4, 1 through 
5, and 1 through 6 are used).

• Grade 1: barely audible in a quiet room, very faint; 
may not be heard in all positions

• Grade 2: quiet, but clearly audible
• Grade 3: moderately loud
• Grade 4: loud with palpable thrill
• Grade 5: very loud with an easily palpable thrill; may 

be heard when the stethoscope is partly off the chest.
• Grade 6: very loud with an easily palpable thrill; may 

be heard with stethoscope entirely off the chest.

Quality. The terms such as harsh, rumbling, vibratory, 
blowing, and musical are used to describe the quality 
of the sound.

Ventilation and position. The murmur may be 
affected by inspiration, expiration, or a change in 
body position.
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Systolic Murmurs
Systolic murmurs occur after S1 and before S2. 
During ventricular systole, the aortic and pulmonic 
valves are open. If either of these valves is stenotic, 
a mid-systolic murmur is heard. The murmurs 
associated with aortic stenosis and pulmonic ste-
nosis are described as crescendo–decrescendo (dia-
mond) shaped (Table 12-2), meaning that the sound 
increases and then decreases in intensity.

Mitral or tricuspid valvular insuffi ciency or a 
defect in the ventricular septum causes the back-
ward fl ow of blood from an area of higher pressure 
to an area of lower pressure. This produces a systolic 
regurgitant murmur. Systolic regurgitant murmurs 
are pansystolic and plateau-shaped (see Table 12-2).

Diastolic Murmurs
Diastolic murmurs occur after S2 and before the next 
S1. During diastole, the aortic and pulmonic valves 
are closed while the mitral and tricuspid valves are 
open to allow fi lling of the ventricles. Aortic or pul-
monic valvular insuffi ciency produces an early dia-
stolic murmur that begins immediately after S2 and 
decreases in intensity as regurgitant fl ow decreases 
through diastole, producing a decrescendo shape 
(see Table 12-2).

Mitral or tricuspid valve stenosis produces a 
mid-diastolic murmur. Because the mitral and tri-
cuspid valves open shortly after the aortic and pul-
monic valves close, there is a delay between S2 and 
the start of the murmur. The murmur decreases in 

TA B L E  1 2 - 2 Common Systolic and Diastolic Murmurs

Type
Where to 
Auscultate Radiation Pitch Shape Quality

Ventilation and 
Position

Systolic murmurs
Aortic stenosis Aortic area, 

right 
second ICS

Neck, upper 
back, right 
carotid, 
down the left 
sterna border 
to the apex

Medium Crescendo–decrescendo

S1 S2 S1

Harsh, may be 
musical at the 
apex

Heard best with the 
patient sitting 
and leaning 
forward, loudest 
during expiration

Pulmonic 
stenosis

Pulmonic area, 
left, second 
ICS

Left side of 
neck, toward 
left shoulder

Medium Crescendo–decrescendo

S1 S2 S1

Often harsh Loudest during 
inspiration

Mitral 
regurgitation

Mitral area, 
apex, mid-
clavicular 
Fifth ICS

Left axilla, left 
sterna border 
(less often)

Medium 
to high

Plateau

S2 S1S1

Blowing, harsh Heard best with 
patient in the left 
lateral decubitus 
position, does 
not become 
louder with 
inspiration

Tricuspid 
regurgitation

Tricuspid area, 
left sternal 
border, 
fourth ICS

Right sternal 
border, to 
the xiphoid 
area, and 
perhaps to 
the left mid-
clavicular 
line, but not 
to the axilla

Medium Plateau

S2 S1S1

Blowing, harsh May increase 
slightly with 
inspiration

Diastolic murmurs
Aortic 

regurgitation
Aortic area, 

right 
second ICS

Sternal border, 
apex

High Decrescendo

S1 S2 S1

Blowing Heard best with the 
patient sitting, 
leaning forward, 
with breath held 
after exhalation

Mitral stenosis Mitral area, 
apex, mid-
clavicular, 
fourth ICS

Usually none Low Decrescendo–crescendo
Loud

S1 S2 S1

Rumbling Best heard with the 
patient in a left 
lateral position

Mild exercise and 
listening during 
exhalation 
also make the 
murmur easier 
to hear
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TA B L E  1 2 - 3 Normal Reference Ranges for Laboratory Blood Tests

Blood Test Reference Range Blood Test Reference Range

Hematological Studies Blood gases
Red blood cell count pH 7.35–7.45
 Men 4.6–6.2 × 106 PaO2 80–105 mm Hg
 Women 4.2–5.4 × 106 PaCO2 35–45 mm Hg
Hematocrit Bicarbonate 22–29 mEq/L
 Men 40%–50% Base excess, defi cit 0 ± 2.3 mEq/L
 Women 38%–47% SaO2 98%
Hemoglobin Sv–CO2 75%
 Men 13.5–18.0 g/100 mL Bilirubin
 Women 12.0–16.0 g/100 mL Total 0.2–1.3 mg/dL
Corpuscle indices Direct 0–20 mg/dL
 Mean corpuscular volume 82–98 FL Calcium
 Mean corpuscular hemoglobin 27–31 pg Total 8.9–10.3 mg/dL
 Mean corpuscular hemoglobin concentration 32%–36% Free (ionized) 4.6–5.1 mg/dL
White blood cell count Creatinine
 Total 4,500–11,000/mm3 Men 0.9–1.4 mg/dL
 Differential (in number of cells/mm3 blood) Women 0.8–1.3 mg/dL
 Total leukocytes 5,000–10,000 (100%) Electrolytes
 Total neutrophils 3,000–7,000 (60%–70%) Glucose (fasting) 65–110 mg/dL
 Lymphocytes 1,500–3,000 (20%–30%) Magnesium 1.3–2.2 mEq/L
 Monocytes 375–500 (2%–6%) Phosphorus 2.5–4.5 mg/dL
 Eosinophils 50–400 (1%–4%) Phosphatase, alkaline 35–148 U
 Basophils 0–50 (0.1%) Protein (total) 6.5–8.5 g/dL
Sedimentation rate 0–30 mm/h Urea nitrogen 8–26 mg/dL
Coagulation Studies* Uric acid 65–110 mg/dL
Platelet count 250,000–500,000/mm3 Men 4.0–8.5 mg/dL
Prothrombin time 12–15 s Women 2.8–7.5 mg/dL
Partial thromboplastin time 60–70 s
Activated partial thromboplastin time 35–45 s
Activated clotting time 75–105 s
Fibrinogen level 160–300 mg/dL
Thrombin time 11.3–18.5 s
Blood Chemistries
Serum electrolytes
 Sodium 135–145 mEq/L
 Potassium 3.3–4.9 mEq/L
 Chloride 97–110 mEq/L
 Carbon dioxide 22–31 mEq/L

* Example only; regional laboratory techniques and methods may result in variations.

intensity from its onset and then increases again as 
ventricular fi lling increases because of atrial con-
traction; this is termed decrescendo–crescendo (see 
Table 12-2).

Friction Rubs
A high-pitched, rasping, scratchy sound that varies 
with the cardiac cycle is called a pericardial friction 
rub. A pericardial friction rub is produced when 
infl amed pericardial layers rub together. The rub 
may be heard anywhere over the pericardium with 
the diaphragm of the stethoscope, and is accentu-
ated by having the patient lean forward and exhale. 
A pericardial friction rub, unlike a pleural friction 
rub (see Chapter 15), does not vary in intensity with 
respiration.

Cardiac Laboratory Studies
Routine Blood Tests
Routine blood tests (eg, hematological studies, 
coagulation studies, and blood chemistries) provide 
valuable information about the health and function-
ing of the cardiovascular system. Normal reference 
ranges for hematologic studies, coagulation studies, 
and blood chemistries are given in Table 12-3.

Serum Lipid Levels
Serum lipid levels are used to assess risk for devel-
oping CAD. Standard elements of a lipid profi le are:

• Total cholesterol
• Low-density lipoprotein (LDL) cholesterol
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TA B L E  1 2 - 4 Serum Cholesterol Levels

Cholesterol Level (mg/dL) Description

LDL
Less than 100 (less than 70 in very high risk patients) Optimal
100–129 Near or above optimal
130–159 Borderline high
160–189 High
Greater than or equal to 190 Very High

Total Cholesterol
Less than 200 Desirable
200–239 Borderline high
Greater than or equal to 240 mg/dL High

High-Density Lipoprotein
Less than 40 Low
Greater than 60 High (desirable)

Serum Triglycerides
Less than 150 Normal
150–199 Borderline high
240–499 High
Greater than or equal to 500 Very high

From the Third Report of the NCEP on detection, evaluation and treatment of high blood cholesterol in adults (ATP III). Circulation 
106:3143–3421, 2002.

• Very–low-density lipoprotein (VLDL) cholesterol
• High-density lipoprotein (HDL) cholesterol
• Triglycerides

Because HDL cholesterol has a protective effect, 
higher levels of HDL cholesterol lower risk for CAD. 
However, the risk for CAD increases as the ratio of 
total cholesterol to HDL cholesterol increases, or 
as the ratio of LDL cholesterol to HDL cholesterol 
increases. Interpretation of serum cholesterol lev-
els is summarized in Table 12-4.

RED FLAG! Patients who present with a suspected 
or confi rmed acute cardiovascular or coronary 
event should have a lipid panel sent to a laboratory 
within 24 hours of presentation. 

Biochemical Markers
Cardiac Enzymes
Cardiac enzymes, normally found in cardiac tissue, 
are released into the serum after cardiac injury. 
Elevation of one or more of these enzymes is not 
a specifi c indicator of cardiac injury. However, 
because cardiac damage does result in above-
normal serum concentrations of these enzymes, 
quantifi cation of cardiac enzyme levels, along 
with other diagnostic tests and the patient’s clini-
cal presentation, is routinely used for diagnosing 
cardiac disease, particularly acute myocardial 
infarction.

Creatine kinase (CK) is an enzyme found in 
heart muscle, skeletal muscle, and brain tissue. 
Myocardial infarction can cause elevations of 
serum CK levels, as can many other cardiac and 
noncardiac causes (Box 12-5). When assessing CK 
values, it is important to remember that they vary 
depending on the patient’s muscle mass. Patients 
with low muscle mass have less ability to release 
CK into the bloodstream than do patients with high 
muscle mass.

Serum CK values begin rising 4 to 6 hours 
after the onset of myocardial necrosis, typically 
peak at 18 to 24 hours, and return to baseline at 
36 to 40 hours. To rule out myocardial infarction, 
samples are commonly drawn every 8 hours for 
24 hours. The noncardiac release of CK generally 
produces elevations that appear and disappear 
more slowly than those seen with myocardial 
necrosis.

Currently, obtaining serial measurements of total 
CK as an isolated marker is not recommended to 
diagnose acute myocardial infarction.1,2 However, 
total CK remains a relevant test because it provides 
the basis for calculating levels of more specifi c CK 
isoenzymes: CK-MB (heart muscle), CK-MM (skel-
etal muscle), and CK-BB (brain). Total CK usually 
consists entirely of CK-MM, and neither CK-BB 
nor CK-MB is present. An increase in the total CK 
level and a percentage of CK-MB greater than 5% 
is generally considered diagnostic for myocardial 
damage.
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Three troponin subforms have been identifi ed:

• Cardiac troponin-I (cTnI)
• Cardiac troponin-T (cTnT)
• Cardiac troponin-C (cTnC)

Both cTnI and cTnT are highly specifi c to cardiac 
tissue and have equal sensitivity and specifi city in 
detecting myocardial necrosis. As a result, the use 
of cTnI or cTnT is recommended for the diagno-
sis of myocardial infarction.1,2 Because a quantita-
tive relationship exists between the level of cTnI 
or cTnT detected and the risk for death in patients 
with myocardial infarction, troponin elevations are 
also important prognostic indicators that may guide 
treatment and follow-up.

Brain-Type Natriuretic Peptide
Natriuretic peptides are neurohumoral hormones 
released by the heart when the cardiac muscle 
decompensates. Atrial natriuretic peptides are 
secreted as a result of atrial myocardial distention, 
but only minute amounts are released in response 
to ventricular distention. Brain-type natriuretic pep-
tide (BNP) is released primarily from the cardiac 
ventricles, in response to ventricular dilation and 
increased intraventricular pressures. As a result, 
BNP levels are helpful in diagnosing ventricular 
dysfunction caused by heart failure, particularly in 
emergency department settings. BNP levels also pro-
vide important prognostic information for patients 
with acute coronary syndromes (eg, myocardial 
infarction, unstable angina) and patients with heart 
failure. In these patients, elevated BNP levels are 
predictive of a greater risk for death, postinfarction 
heart failure, or reinfarction.3

Myocardial Proteins
Myoglobin and troponin are proteins that are 
bound within cardiac muscle. Myoglobin appears 
in the serum less than 1 hour after the onset of 
symptoms of myocardial infarction, making it ideal 
for early detection of myocardial necrosis. An ele-
vated serum myoglobin level 4 to 8 hours after the 
onset of symptoms in the absence of ECG changes 
consistent with myocardial infarction is not reli-
able for diagnosing myocardial infarction because 
other disorders can also increase myoglobin levels. 
However, because of the high sensitivity of myoglo-
bin, a negative test in the fi rst 4 to 8 hours after the 
onset of symptoms is useful for ruling out myocar-
dial necrosis.

Troponins are released into the circulation 
after necrosis and rupture of myocardial cells. An 
increase in troponin levels is detected within 4 to 6 
hours of myocardial necrosis. Levels generally peak 
24 hours after the onset of symptoms and remain 
elevated for up to 10 days after the cardiac event. 
In addition to myocardial infarction, other cardiac 
and noncardiac conditions can be associated with 
elevated troponin levels (Box 12-6). In critical care 
patients, elevated troponin levels signify a worse 
overall outcome.

B O X  1 2 - 6   Cardiac and Noncardiac Causes of 
Elevated Troponin Levels

Cardiac Causes
• Myocardial infarction
• Myocardial ischemia
• Heart failure
• Myocarditis
• Myocardial contusion
• Supraventricular tachycardias (SVTs)
• Left ventricular hypertrophy

Noncardiac Causes
• Sepsis and systemic infl ammatory response syn-

drome (SIRS)
• Hypovolemia
• Pulmonary embolism
• Acute stroke
• Renal failure
• Chronic obstructive pulmonary disease (COPD)
• Pulmonary hypertension

B O X  1 2 - 5   Cardiac and Noncardiac Causes 
of Elevated Serum Creatine 
Kinase (CK)

Cardiac Causes
• Myocardial infarction
• Pericarditis
• Myocarditis
• Cardioversion
• Defi brillation
• Prolonged supraventricular tachycardia (SVT)
• Myositis
• Reperfusion therapy with thrombolytics
• Coronary angioplasty
• Cardiac surgery

Noncardiac Causes
• Musculoskeletal disorders (eg, polymyositis, muscu-

lar dystrophy)
• Trauma
• Surgery
• Strenuous exercise
• Seizure activity
• Cerebrovascular insults
• Heavy alcohol intake
• Intramuscular injections
• Acute cholecystitis
• Gastrointestinal or urological insults
• Hypothyroidism
• Collagen disorders
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C-Reactive Protein
C-reactive protein (CRP), a marker for infl amma-
tion and necrosis, has been shown to be elevated in 
patients with acute coronary syndromes. A blood 
test called highly sensitive C-reactive protein (hs-
CRP) can be used to determine the risk for heart 
disease:

• Less than 1.0 mg/dL, low risk
• 1.0 to 3.0 mg/dL, moderate risk
• Greater than 3.0 mg/dL, high risk

Patients with acute coronary syndromes and serum 
values greater than 3 mg/dL (or greater than 5 mg/
dL after a coronary interventional procedure) are 
at higher risk and merit closer monitoring or more 
thorough evaluation.4

D-Dimer
D-Dimer represents the end product of fi brin dissolu-
tion that occurs at the site of a thrombus. Although 
D-dimer can be elevated in myocardial infarction 
and heart failure, it is being used more commonly to 

detect thromboembolic events such as deep venous 
thrombosis (DVT) and pulmonary embolism.5

Cardiac Diagnostic Studies
The number of cardiovascular diagnostic techniques 
continues to increase, especially in the area of non-
invasive testing. Diagnostic studies are used to:

• Obtain a functional assessment of the patient’s 
cardiac status so that the best treatment option 
can be selected

• Screen before high-risk procedures
• Monitor disease progression and response to 

treatment

Table 12-5 summarizes information about some of 
the most commonly used tests. Patients undergo-
ing invasive cardiac studies (eg, cardiac catheter-
ization and related procedures) require careful 
preprocedure evaluation and postprocedure care 
and monitoring. Box 12-7 on page 156 presents 
nursing considerations for the patient undergoing 
cardiac catheterization.

TA B L E  1 2 - 5 Cardiac Diagnostic Studies

Test and Purpose Method of Testing Nursing Implications

Standard 12-lead electocardiogram (ECG)

Used to assess dysrhythmias and 
myocardial ischemia or infarction

Electrodes applied to the 
patient’s chest and limbs 
record electrical impulses 
as they travel through heart, 
producing 12 different views 
of the heart’s electrical activity

• Optimal skin preparation and electrode 
placement are critical to obtaining high-
quality readings

• Important patient remains still to prevent 
artifact

Holter (24-hour) monitoring
Used to quantify frequency and 

complexity of cardiac ectopic 
activity during patient’s usual 
activities

Electrodes applied to the patient’s 
chest are connected to a 
portable recording device that 
records the electrical activity 
of the heart continuously for 
24 to 48 h

• The nurse instructs the patient to 
maintain normal activities and keep a 
diary to record medications, activities, 
and symptoms during the monitoring 
period

• Bathing is prohibited while the electrodes 
are in place

Chest radiography
Used to evaluate heart size, 

pulmonary congestion, effusions, 
and position of medical devices 
(eg, transvenous pacemaker 
electrodes, pulmonary artery 
catheters)

X-rays pass through the chest 
wall making it possible to 
visualize structures

• May be performed at the bedside
• Patient may be asked to take a deep 

breath and hold it while the radiograph 
is taken to displace the diaphragm 
downward

Transthoracic echocardiography
Used to assess ejection fraction, 

wall motion and thickness, valve 
function and disease, and blood 
fl ow through the chambers and 
valves of the heart

A transducer emits ultrasound 
waves and receives a signal 
from the refl ected sound 
waves to produce an image

• Patient must be able to tolerate lying fl at 
or nearly fl at and must be able to turn 
onto the left side for several minutes at 
a time

(continued on page 154)
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TA B L E  1 2 - 5 Cardiac Diagnostic Studies (continued)

Test and Purpose Method of Testing Nursing Implications

Transesophageal echocardiography (TEE)

Used to obtain high-quality images of 
cardiac structures

A 2D transducer on the end of a 
fl exible endoscope is passed 
through the esophagus

• Patient must be NPO for 6 h prior to 
study and until gag refl ex returns after 
the study

• Administer IV sedation as necessary
• Monitor for risks include esophageal 

perforation; dyspnea, hemoptysis, or 
severe pain which must be reported 
immediately

Stress testing

Used to assess prognosis and 
determine functional capacity 
in patients with ischemic heart 
disease

Physiologic parameters (eg, 
heart rate and ECG) are 
monitored while the heart is 
in a resting state and then 
again when the heart is 
stressed either by exercise or 
by a pharmacological agent 
that simulates exercise

• Caffeine, β-blockers, and digoxin are 
withheld on day of test

• The nurse advises patient that when 
pharmacologic agents are used in place 
of exercise, side effects such as fl ushing, 
headache, and nausea may occur

Radionuclide cardiac imaging (positron emission tomography [PET], single-photon emission computed tomography [SPECT])

Often used in conjunction with stress 
testing to evaluate myocardial 
perfusion and viability

Cameras capture the photons 
emitted by infused 
radiotracers to provide 
information on the magnitude 
and location of uptake

• Patient must be NPO for 6 h prior to 
study

• Caffeine must be restricted for 24 h prior 
to the procedure

• Serious side effects from the radiotracer 
are rare but medications to counteract 
these side effects should be readily 
available

Computed tomography (CT)

Used to obtain detailed two- or three-
dimensional views of the heart 
and surrounding structures

X-rays pass through the body 
while a detector gathers and 
records images generated by 
the beams

• Assess for history of allergies to IV 
contrast dye (if contrast is to be given)

Magnetic resonance imaging (MRI)

Used for high-resolution assessment 
of cardiovascular anatomy, 
function, blood fl ow, metabolism, 
and perfusion

A magnetic fi eld is used to 
obtain images

• The patient must be able to lie fl at, 
hold his breath for periods of time, and 
tolerate confi nement in the scanner

• Metal in the body (eg,non-MRI-
compatible aneurysm clips, implanted 
pacemakers and defi brillators) is a 
contraindication to MRI

Cardiac catheterization

Used to evaluate the structure and 
fuction of the aorta, coronary 
arteries, valves, and chambers 
of the heart, and to measure 
pressures within the chambers 
and vessels of the heart

A catheter is introduced through 
the femoral or brachial 
artery and threaded into the 
chambers and vessels of 
the heart to facilitate various 
diagnostic procedures

• Preprocedure evaluation includes 
screening for contrast media allergy and 
obtaining laboratory studies, including 
complete blood count, prothrombin and 
partial thromboplastin time, International 
Normalized Ratio (INR), and chemistry 
panel

• Patient must be NPO for 6 h prior to 
study
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TA B L E  1 2 - 5 Cardiac Diagnostic Studies (continued)

Test and Purpose Method of Testing Nursing Implications

Cardiac catheterization

• Risks include bleeding at the entry site, 
dissection of any of the vessels traversed 
during the procedure, perforation of 
peripheral or coronary arteries, irritation 
of cardiac tissue, plaque embolization 
leading to myocardial infarction or 
stroke, and allergic reactions or renal 
compromise resulting from the use of 
contrast media

• Check distal extremity for pulse, capillary 
refi ll and sensorium

• Remind patient to lie fl at for 4-6 h per 
institutional protocol

• Check site frequently for hematoma or 
bleeding

Left heart catheterization

Used to delineate baseline 
coronary anatomy and identify 
abnormalities of the coronary 
vessels, great vessels, and 
cardiac chambers; also used to 
obtain the left ventricular ejection 
fraction and information regarding 
wall motion abnormalities and left 
ventricular size

A catheter is introduced through 
the brachial or femoral artery 
and passed through the aorta 
and aortic valve into the left 
ventricle

• Same as for cardiac catheterization

Right heart catheterization

Used to sample oxygen saturations 
and pressures in the right atrium 
and ventricle, pulmonary capillary 
bed, and pulmonary artery

A catheter is introduced through 
the inferior jugular vein to the 
superior vena cava

• Postprocedure restrictions are minimal 
because a vein is accessed and the risk 
for bleeding is low

• Self-limiting dysrhythmias may occur as 
a result of stimulation of the myocardium

Electrophysiology study

Used during cardiac catheterization 
to evaluate a broad spectrum of 
cardiac dysrhythmias

Electrode catheters are 
introduced into the chambers 
of the heart, where they are 
used to record the electrical 
activity of the heart and also 
to induce dysrhythmias for 
study

• Same as for cardiac catheterization

Coronary angiography

Used during cardiac catheterization 
to obtain information regarding 
the lumen and wall structure of 
the coronary arteries

Radiographic contrast is injected 
into the chambers of the 
heart and the coronary 
arteries under fl uoroscopic 
guidance and x-ray images 
are obtained

• Same as for cardiac catheterization

Intravascular ultrasound

Used during cardiac catheterization 
to visualize the inside of the 
coronary arteries

An ultrasound probe is attached 
to the end of the cardiac 
catheterization catheter

• Same as for cardiac catheterization
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B O X  1 2 - 7   Nursing Interventions for the Patient Undergoing Cardiac Catheterization

Preprocedure
• Explain the procedure to the patient and family.
• Verify that the patient has taken nothing by mouth for 

at least 6 hours before the procedure except prescribed 
medications as advised by the physician.

• Ensure that ordered preoperative laboratory studies 
have been completed and results are available.

• Verify the patient’s identity and identify allergy infor-
mation; alert physician if patient is allergic to radio-
graphic dye, medications, or specifi c foods.

• Ensure that informed consent has been obtained.
• Establish IV access per facility protocol or physician order.
• Place the patient on cardiac monitoring system with 

blood pressure and pulse oximetry monitoring.
• Provide supplemental oxygen as ordered or indicated.
• Premedicate the patient per physician order.
• Obtain vital signs before transfer to catheterization 

laboratory.

During Procedure
• Continually assess the patient’s vital signs, oxygenation, 

level of consciousness, and cardiac rhythm per institu-
tional protocol, and alert the physician of any signifi -
cant changes or the development of malignant cardiac 
dysrhythmias (eg, premature ventricular contractions, 
ventricular tachycardia, ventricular fi brillation).

• Be prepared to initiate cardiac resuscitation with 
emergency equipment and medications.

Postprocedure
• Ensure that the patient’s vital signs are stable before 

transfer.
• Check catheterization site dressing for bleeding and 

integrity.
• Check distal pulses below catheterization site; if femo-

ral site was used, check distal pulse, extremity color, 
capillary refi ll, and neurosensory status.

• Keep extremity straight and instruct the patient not to 
bend the leg or arm.

• Maintain IV infusion per physician order or facility 
protocol.

• Maintain supplemental oxygenation support as 
ordered or indicated.

• Encourage oral fl uids as ordered.
• Check the patient’s coagulation status per facility pro-

tocol before sheath removal.
• When catheter is removed:

 � Apply direct pressure over site for 20 to 30 minutes 
to prevent bleeding, or apply commercial hemostatic 
compression device per facility protocol.

 � Check distal extremity for pulse, color, capillary 
refi ll, and sensorium.

 � Remind the patient to lie fl at for 4 to 6 hours per 
facility protocol.

 � Check the site dressing every 4 to 6 hours for bleed-
ing and integrity.
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C A S E  S T U D Y

Ms. K., a 68-year-old woman, is admitted 
to the critical care unit following an acute synco-
pal episode. In the ED, she reported “heaviness” 
in her chest and was observed to be dyspneic. 
Auscultation revealed an S4. Nonspecifi c changes 
were noted on ECG, and serial cardiac enzymes 
remained normal. Mrs. K. was placed on supple-
mental oxygen with ongoing monitoring of her 
oxygenation status. Ms. K. has a history of tobacco 
smoking for 20 years (2 packs/d), but has not 
smoked in the last 5 years. She also has a history 
of hypertension and has been taking a calcium 
channel blocker for the last 2 years.

On the basis of Ms. K.’s symptoms and history, 
the physician orders a cardiac catheter procedure 
to assess Ms. K.’s cardiac function and the patency 
of her coronary arteries. During the procedure, the 
interventional cardiologist notes an 85% obstruction 
of the left anterior descending coronary artery and 
performs angioplasty (balloon infl ation) and stent 
placement. The femoral catheter is removed and 
pressure is held according to facility protocol. Ms. K. 
is then transferred back to the critical care unit.

1. What are the nursing interventions to prepare 
Ms. K. for cardiac catheterization?

2. What nursing care will Ms. K. require following 
the procedure?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!

Morton_Chap12.indd   156Morton_Chap12.indd   156 2/4/2012   3:00:36 PM2/4/2012   3:00:36 PM

http://thepoint.lww.com/MortonEss1e


157

C H A P T E R
Patient Management: 
Cardiovascular System13

Pharmacotherapy
Many medications, alone and in combination, are 
commonly used in critical care settings to treat 
cardiovascular disease. Critical care nurses are 
responsible for preparing and administering these 
medications, as well as evaluating their effects and 
using detailed patient assessment data to guide titra-
tion of doses. Many patients require treatment with 
multiple cardiovascular medications, so the nurse 
must also consider potential drug interactions.

Fibrinolytics, Anticoagulants, and Platelet 
Inhibitors
An arterial thrombus may transiently or persistently 
occlude coronary artery blood fl ow, causing acute 
coronary syndrome (ACS). Fibrinolytic, anticoagu-
lant, and platelet inhibitor drugs affect different 
phases of the thrombotic process.

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe nursing considerations specifi c to the major classes of drugs used to 
treat cardiovascular disorders.

2 Describe various surgical interventions for cardiac disease and the critical care 
nurse’s role in caring for a patient undergoing cardiac surgery.

3 Describe various percutaneous coronary intervention (PCI) techniques and the 
critical care nurse’s role in caring for a patient undergoing PCI.

4 Describe nursing interventions for a patient receiving intraaortic balloon pump 
(IABP) therapy or ventricular circulatory assistance.

Fibrinolytics
Fibrinolytics either directly or indirectly convert 
plasminogen to plasmin, which causes the degrada-
tion of fi brin and fi brinogen, resulting in clot lysis. 
In patients with myocardial infarction, early fi brino-
lytic therapy has been shown to dissolve the throm-
bus, reestablish coronary blood fl ow, minimize 
infarct size, preserve left ventricular function, and 
reduce morbidity and mortality. Researchers con-
tinue to evaluate the effi cacy of fi brinolytic agents 
in conjunction with other medications such as gly-
coprotein (GP) IIb/IIIa inhibitors, direct throm-
bin inhibitors, and low-molecular-weight heparins 
(LMWHs). Because patients are at risk for recurrent 
thromboembolism, aspirin and heparin are given to 
most patients who receive fi brinolytic therapy. The 
most common adverse effects of fi brinolytic therapy 
are bleeding, intracranial hemorrhage, and reperfu-
sion dysrhythmias. Contraindications to fi brinolytic 
therapy are given in Box 13-1.
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elevated aminotransferase  levels, and pain, ery-
thema, ecchymosis, or hematoma at the injection 
site. LMWHs may be used instead of heparin for 
patients with unstable angina, acute non–ST-segment 
elevation myocardial infarction (NSTEMI), or deep 
venous thrombosis (DVT).

Direct Thrombin Inhibitors
Direct thrombin inhibitors interact directly with 
thrombin, preventing thrombin from converting 
fi brinogen to fi brin. Like LMWHs, these agents are 
administered by injection. However, therapeutic 
drug monitoring is diffi cult and there is no antidote 
available. Direct thrombin inhibitors may be admin-
istered as alternatives to unfractionated heparin in 
low-risk patients who undergo PCI procedures or 
patients with HIT.1

Warfarin
Warfarin, an oral drug used for chronic antico-
agulation therapy, interferes with the synthesis of 
vitamin K–dependent clotting factors such as fac-
tors II, VII, IX, and X. The most common cardio-
vascular indications for warfarin include dilated 
cardiomyopathy, atrial fi brillation, heart failure, 
venous thromboembolism, valve replacement with 
a prosthetic heart valve, and post–acute myocardial 
infarction anticoagulation for high-risk patients. 
The dose is titrated according to the patient’s inter-
national normalized ratio (INR). Because warfarin 
levels do not peak for 3 to 4 days, acute anticoag-
ulant therapy is continued until the INR reaches 
the desired level for the patient’s condition (usu-
ally 2.5 to 3.5). The INR is evaluated daily until the 
therapeutic level is achieved. Elevated INR levels 
predispose the patient to bleeding, warfarin’s most 
common adverse effect. Contraindications to war-
farin are given in Box 13-2.

RED FLAG! Warfarin doses are decreased 
for elderly patients and patients with liver or renal 
impairment and heart failure.

Anticoagulants
Anticoagulants such as unfractionated heparin, 
LMWHs (fractionated heparins), direct thrombin 
inhibitors, and warfarin prevent thrombus forma-
tion. These agents do not lyse existing thrombi; 
rather, they prevent additional thrombi from 
forming.

Unfractionated Heparin
Unfractionated heparin prevents clot formation 
by combining with antithrombin III (a naturally 
occurring anticoagulant in the blood) and inhibit-
ing the conversion of prothrombin to thrombin. 
Unfractionated heparin is commonly used for 
acute conditions (eg, ACS) and for patients under-
going percutaneous coronary intervention (PCI) 
procedures or surgical revascularization. However, 
several factors limit the clinical utility of unfraction-
ated heparin:

• It has a narrow therapeutic range, low bioavail-
ability, and variable anticoagulant response.

• It must be administered parenterally.
• Activated partial thromboplastin time (APTT) 

monitoring is required.
• Associated risks include bleeding, heparin-induced 

thrombocytopenia (HIT), and hypersensitivity 
reactions.

Protamine sulfate reverses the effects of heparin; 
however, protamine may cause a life-threatening 
anaphylactic reaction.

Low-Molecular-Weight Heparins
LMWHs are small fragments derived from unfrac-
tionated heparin. These drugs inhibit clot formation 
by blocking factor Xa (which converts prothrombin 
to thrombin). Advantages of LMWHs over unfrac-
tionated heparin include their longer half-life, more 
predictable anticoagulation effect, greater bioavail-
ability, cost-effectiveness, and lower bleeding risk. In 
addition, LMWHs are administered subcutaneously 
once to twice daily and do not require anticoagula-
tion monitoring. The most common adverse effects 
of LMWHs include bleeding, thrombocytopenia, 

B O X  1 3 - 1   Contraindications for Fibrinolytic 
Therapy

• Active internal bleeding
• History of recent intracranial hemorrhage
• Ischemic stroke within 3 months (except current 

 ischemic stroke)
• Intracranial neoplasm, arteriovenous malformation 

(AVM), or aneurysm
• Recent intracranial or intraspinal surgery
• Closed-head or facial trauma within 3 months
• Suspected aortic dissection
• Severe uncontrolled hypertension
• A predisposition to abnormal hemostasis and hemor-

rhage (ie, bleeding diathesis)
• Abnormal coagulation studies

B O X  1 3 - 2   Contraindications for Warfarin 
Therapy

• Uncontrolled hypertension
• Severe hepatic or renal disease
• A predisposition to abnormal hemostasis and hemor-

rhage (ie, bleeding diathesis)
• Gastrointestinal or genitourinary bleeding
• Cerebral or dissecting aortic aneurysm
• Recent central nervous system, eye, or other major 

surgery
• Recent trauma
• Pregnancy (fi rst and third trimesters)
• Pericarditis
• Pericardial effusion
• Spinal puncture
• Recent diagnostic procedures with the potential for 

uncontrolled bleeding
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Inotropes
Inotropes increase the force of myocardial contrac-
tion by acting on adrenergic receptors in the sym-
pathetic nervous system (Table 13-1). This, in turn, 
increases stroke volume, cardiac output, blood pres-
sure, and coronary artery perfusion. These drugs 
are commonly given to patients with ventricular 
dysfunction or cardiogenic shock. However, as con-
tractility and heart rate increase, myocardial oxygen 
demand also increases, and myocardial ischemia 
can worsen. The nurse must closely monitor the 
patient for evidence of ischemia, angina, and dys-
rhythmias. Commonly used inotropes are summa-
rized in Table 13-2.

Antidysrhythmics
Antidysrythmics (also discussed in Chapter 8) 
include class I sodium channel blockers, class II 
β-adrenergic blockers, class III potassium channel 
blockers, class IV calcium channel blockers, ade-
nosine, magnesium sulfate, atropine, and digoxin. 
These agents are used to restore the heart to a regu-
lar rhythm. The action of these drugs is complex; 
drugs within the same class can work differently, 
and actions of those in different classes may over-
lap. The therapeutic window is small, and caution 
must be used to prevent complications.

b-Adrenergic Blockers
β-Adrenergic blockers interfere with sympa-
thetic nervous system stimulation, contributing to 
decreased heart rate, depressed atrioventricular 
(AV) node conduction, decreased contractility, and 
decreased myocardial oxygen demand. β-Adrenergic 
agents are used in the treatment of dysrhythmias, 
heart failure, and hypertension.

These agents may be classifi ed as cardioselective 
(inhibiting β1 receptors) or nonselective (inhibit-
ing β1 and β2 receptors). Nonselective agents affect 
bronchial and vascular smooth muscle, leading to 
bronchoconstriction and vasoconstriction. Although 
cardioselective β-adrenergic agents are sometimes 
used with caution in patients with pulmonary  disease, 
in general, severe asthma, bronchospasm, and severe 

Platelet Inhibitors
Aspirin
Aspirin, the most widely used platelet inhibitor, inhibits 
thromboxane A2 (a platelet agonist) to prevent platelet 
aggregation, thrombus formation and arterial vaso-
constriction. Aspirin is used to decrease mortality for 
patients with acute myocardial infarction; to reduce 
the incidence of nonfatal acute myocardial infarction 
and mortality for patients with stable angina, unstable 
angina, or previous myocardial infarction; to prevent 
graft closure after coronary artery bypass graft (CABG) 
surgery; and to prevent coronary artery thrombus after 
PCI. Adverse effects of aspirin include stomach pain, 
nausea, vomiting, gastrointestinal bleeding, subdural 
or intracranial hemorrhage, thrombocytopenia, coag-
ulopathy, and a prolonged prothrombin time (PT). 
Patients with a history of aspirin intolerance, gastro-
intestinal or genitourinary bleeding, peptic ulcers, 
severe renal or hepatic insuffi ciency, or bleeding disor-
ders should not take aspirin.

Adenosine Diphosphate Receptor Antagonists
Adenosine diphosphate receptor antagonists, such 
as clopidogrel (Plavix), prevent adenosine diphos-
phate–induced platelet activation and platelet 
aggregation, resulting in an irreversible inhibition 
of platelet function. The effects of clopidogrel begin 
within 2 to 3 hours, steady-state platelet inhibition 
is achieved after 3 to 7 days of therapy. Once clopi-
dogrel is discontinued, bleeding times and plate-
let function normalize within 3 to 7 days. Major 
adverse effects include bleeding disorders, gastro-
intestinal upset, thrombotic thrombocytopenic pur-
pura (TTP), and neutropenia.

Glycoprotein (GP) IIb/IIIa Inhibitors
GP IIb/IIIa inhibitors inhibit the GP IIb/IIIa receptor 
(the fi nal common pathway for platelet aggregation) 
thus preventing platelet aggregation which inhibits 
thrombus formation. GP IIb/IIIa inhibitors are rec-
ommended for patients with ACS or NSTEMI who 
undergo PCI procedures, and prior to PCI for patients 
with ST-segment elevation myocardial infarction 
(STEMI).2 These agents are administered in conjunc-
tion with either an LMWH or unfractionated heparin. 
Adverse effects include bleeding, thrombocytopenia, 
stroke, and allergic reactions.

TA B L E  1 3 - 1 Adrenergic Receptors Affecting Cardiovascular Function

Receptor Location Effects of Stimulation

β1 Heart Positive inotropic (increased contractility) and chronotropic 
action (increases rate)

β2 Bronchial smooth muscle
Vascular smooth muscle
AV node

Bronchodilation
Vasodilation
Positive dromotropic action (increased conduction velocity)

α1 Vascular smooth muscle
Heart

Vasoconstriction
Weak positive inotropic and chronotropic actions

α2 Presynaptic sympathetic nerve endings Inhibition of norepinephrine release
Dopaminergic Kidney and splanchnic vessels Renal and splanchnic vessel vasodilation
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used to treat diastolic dysfunction heart failure and 
hypertension. Adverse effects include hypotension, 
systolic heart failure, and AV block, bradycardia, 
headache, dizziness, peripheral edema, nausea, con-
stipation, and fl ushing. Contraindications include 
hypotension, heart failure, and severe aortic stenosis.

Digoxin
Digoxin, a mild positive inotrope frequently used 
in the treatment of heart failure, works by inhibit-
ing the sodium–potassium pump, causing intra-
cellular sodium levels to increase. This promotes 
calcium infl ux and enhanced myocardial contractil-
ity. Digoxin also activates the parasympathetic sys-
tem, decreasing heart rate and increasing AV node 
inhibition.

chronic obstructive pulmonary disease (COPD) are 
contraindications for the use of β-adrenergic block-
ers. Other contraindications include cardiogenic 
shock, severe left ventricular failure, bradycardia, 
and second- or third-degree heart block.

RED FLAG! Cardioselective b-adrenergic 
blockers lose their selectivity at higher doses.

Calcium Channel Blockers
Calcium channel blockers prevent the movement of 
calcium into cells, slowing conduction through the 
sinoatrial (SA) and AV nodes in the myocardium. 
These agents also have anticoagulant, negative ino-
tropic, and peripheral vasodilation effects. In addi-
tion to dysrhythmias, calcium channel blockers are 

TA B L E  1 3 - 2 Commonly Used Inotropes

Drug Indications Mechanism of Action Adverse Effects

Dopamine Conditions characterized by 
hypotension, decreased 
cardiac output, and oliguria

Stimulates dopaminergic, 
β-adrenergic, and α-adrenergic 
receptors

• Low doses (eg, 3–10 μg/kg/min) 
increase myocardial contractility

• Higher doses cause vasoconstriction 
and increased blood pressure

Tachycardia, palpitations, and 
dysrhythmias

Headache
Nausea and vomiting
Hypertension

Dobutamine Conditions that cause poor 
cardiac contractility or low 
cardiac output (eg, heart 
failure, shock)

Stimulates β1 receptors to increase 
myocardial contractility

Tachycardia and dysrhythmias
Headache
Nausea
Blood pressure fl uctuations

Epinephrine Cardiac arrest; symptomatic 
bradycardia; severe 
hypotension; anaphylaxis; 
shock

Stimulates α1, β1, and β2 receptors
• Low doses (eg, 1–2 μg/min) act on 

the β receptors to increase cardiac 
output by increasing heart rate and 
myocardial contractility

• Higher doses act on the α1 receptors 
to cause profound vasoconstriction, 
increased blood pressure and SVR, 
and decreased renal and spanchic 
perfusion

Tachycardia and dysrhythmias
Cerebral hemorrhage
Pulmonary edema
Myocardial ischemia and 

angina
Headache, dizziness, and 

nervousness

Vasopressin Ventricular fi brillation; 
asystole; pulseless 
electrical activity

Promotes smooth muscle contraction 
to increase peripheral vascular 
resistance

Dysrhythmias
Myocardial ischemia or 

infarction and angina
Tremors and vertigo
Water intoxication
Sweating

Isoproterenol Conditions characterized by a 
decreased heart rate (eg, 
cardiac transplantation; 
refractory torsades de 
pointes; β-blocker overdose; 
symptomatic bradycardia 
in absence of external 
pacemaker)

Stimulates β1 and β2 receptors to 
increase myocardial activity, 
cardiac output, heart rate, blood 
pressure

Tachycardia, palpitations, and 
dysrhythmias

Myocardial ischemia
Pulmonary edema and 

bronchospasm
Hypotension
Vomiting
Sweating

Norepinephrine Cardiogenic shock; signifi cant 
hypotension with low SVR 
(eg, septic shock)

Stimulates α receptors to cause 
peripheral vasoconstriction and 
increase blood pressure and SVR

Tachycardia, bradycardia, and 
dysrhythmias

Hypertension
Tissue necrosis from 

extravasation
Headache
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myocardial infarction and myocardial  infarction 
associated with acute or chronic heart failure, 
acute pulmonary edema, persistent ischemia, or 
hypertension.

Nitrates may be administered intravenously, 
sublingually, or topically. Contraindications to 
IV nitrates include hypotension, uncorrected hypo-
volemia, hypertrophic obstructive cardiomyopathy, 
and pericardial tamponade.

Adverse effects of nitrates include headache, 
hypotension, syncope, and tachycardia. Tolerance 
may develop to the antianginal, hemodynamic, 
and antiplatelet effects of nitrates, especially with 
continuous or high-dose therapy; however, dosing 
regimens that allow for nitrate-free intervals may 
prevent this occurrence.

Nitroprusside Sodium
Nitroprusside (Nitropress) is a potent arterial 
and venous vasodilator that decreases SVR and 
increases cardiac output. Uses include the treatment 
of severe left ventricular heart failure, hypertension 
after CABG surgery, hypertensive crisis, and dissect-
ing aneurysm. Adverse effects include hypotension, 
myocardial ischemia, nausea, vomiting, abdominal 
pain, and cyanide toxicity.

RED FLAG! The usual IV infusion dosage is 
0.5 to 10 mg/kg/min; to prevent cyanide toxicity, the 
maximal dose should not be given for longer than 
10 minutes. The dose is titrated to effect; if blood 
pressure does not respond after 10 minutes, the 
drug is discontinued.

Because nitroprusside is sensitive to light, the 
infusion bag is covered with an opaque material to 
prevent degradation.

Nesiritide
Nesiritide (Natrecor), a recombinant form of human 
brain-type natriuretic peptide (BNP), is identical 
to the hormone produced by the left ventricle in 
response to volume overload and increased wall 
stress. A venous and arterial vasodilator, nesiritide 
reduces preload and afterload and increases cardiac 
output without increasing heart rate. Adverse effects 
include hypotension, bradycardia, ventricular dys-
rhythmias, angina, dizziness, and apnea. As a result 
of concerns about renal toxicity and increased mor-
tality, clinical trials are being conducted to assess 
nesiritide’s effi cacy and safety.

Angiotensin-Converting Enzyme 
Inhibitors
Angiotensin-converting enzyme (ACE) inhibitors are 
used to treat heart failure, hypertension, acute myo-
cardial infarction with or without left ventricular 
dysfunction or failure, and asymptomatic left ven-
tricular dysfunction. They are also used to decrease 
morbidity and mortality for patients at high risk for 

Most patients benefi t from a low dose, which also 
reduces the incidence of toxicity. Toxicity is common 
and is frequently associated with severe dysrhyth-
mias. It is no longer common practice to adminis-
ter loading doses. Routine doses are individualized 
based on the patient’s diagnosis, symptoms, under-
lying disease processes, age, response to therapy, 
and blood levels. Blood levels of 0.5 to 1.0 ng/mL are 
recommended for patients with heart failure, and 
levels of 0.8 to 2 ng/mL for those with dysrhythmias. 
Electrolyte imbalances (eg, hypokalemia, hypomag-
nesemia) and concurrent therapy with other medi-
cations used to treat cardiovascular disorders (eg, 
β-adrenergic blockers, calcium channel blockers) 
can increase the risk for digitalis toxicity.

RED FLAG! Signs and symptoms of 
digitalis toxicity include palpitations, dysrhythmias, 
gastrointestinal upset (eg, anorexia, nausea, 
vomiting, diarrhea), fatigue, insomnia, confusion, 
headache, depression, vertigo, syncope, facial pain, 
and visual disturbances.

Phosphodiesterase III Inhibitors
Phosphodiesterase III inhibitors are used in the 
treatment of severe heart failure that is refractory 
to other drugs, and for short-term treatment of 
acute heart failure. These agents increase contrac-
tility, venous vasodilation, and peripheral arterial 
vasodilation by inhibiting an enzyme that breaks 
down cyclic adenosine monophosphate (cAMP). 
Phosphodiesterase III inhibitors reduce ventricu-
lar fi lling pressures and tend to decrease arterial 
pressure; however, they minimally affect heart rate. 
Typically, an IV bolus dose is administered, followed 
by an IV maintenance infusion that is titrated to 
effect. Adverse effects include hypotension, dys-
rhythmias, and thrombocytopenia.

Vasodilators
Vasodilators decrease preload, afterload, or both.

Nitrates
Nitrates have several actions. They

• Cause venous dilation, which decreases venous 
return to the heart and reduces preload

• Cause arterial vasodilation (at high doses), which 
reduces afterload

• Promote coronary artery vasodilation, improve 
collateral blood fl ow, and reduce platelet aggre-
gation, enhancing myocardial perfusion, and 
decreasing myocardial oxygen demand

• Reduce blood pressure and elevated pulmonary 
vascular resistance, systemic vascular resistance 
(SVR), central venous pressure (CVP), and pulmo-
nary artery occlusion pressure (PAOP)

Nitrates are used to treat acute angina, and angina 
that is unresponsive to other therapies. They are also 
indicated for the treatment of large anterior acute 
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LDL cholesterol, decrease triglycerides, and increase 
HDL cholesterol by inhibiting the rate-limiting 
enzyme that promotes cholesterol biosynthesis.

• Nicotinic acid inhibits lipolysis in adipose tissue 
and inhibits hepatic production of very-low-density 
lipoprotein (VLDL) cholesterol, thus decreasing 
total cholesterol, triglycerides, VLDL cholesterol, 
and LDL cholesterol, as well as increasing HDL 
cholesterol.

• The bile acid sequestrants bind bile acids in the 
intestine and form an insoluble complex that is 
excreted in the feces. Because bile acids are not 
absorbed, the liver is stimulated to manufacture 
more bile acids from cholesterol. This promotes 
movement of cholesterol out of the serum and into 
the liver, lowering serum total cholesterol and LDL 
cholesterol levels.

• The fi brates inhibit peripheral lipolysis and decrease 
the hepatic extraction of free fatty acids, which 
reduces triglyceride production. These agents 
decrease total cholesterol, triglycerides, and VLDL 
cholesterol, and they increase HDL cholesterol.

• Cholesterol absorption inhibitors selectively 
inhibit the intestinal absorption of cholesterol. 
They are used more effectively when combined 
with a statin to further reduce LDL cholesterol.

Cardiac Surgery
Surgical Interventions
Coronary Artery Bypass Graft Surgery
In coronary artery bypass graft (CABG) surgery, 
native vessels (conduits) are “harvested” and grafted 
into place to reroute blood fl ow past diseased areas 
of the coronary arteries. CABG surgery has proved 
effective in relieving symptoms and prolonging life 
in patients with left main CAD and three-vessel dis-
ease with poor left ventricular function.2 Increased 
use of PCI techniques has decreased the need for 
CABG surgery in many cases. Patients selected for 
CABG surgery today are older; have more advanced 
coronary disease; have more impaired left ventricu-
lar function; and, in many cases, have had previous 
CABG surgery.

Commonly used grafts include saphenous vein 
grafts, internal mammary artery grafts, and radial 
artery grafts (Table 13-3).

• Saphenous vein grafts. Saphenous vein grafts 
are used to bypass the obstruction in the coronary 
artery by anastomosing one end of the vein to the 
aorta (proximal anastomosis) and the other end 
to the coronary artery just past the obstruction 
(distal anastomosis). Although the saphenous vein 
can be taken from above or below the knee, a vein 
from below the knee is preferred because it is close 
in diameter to the size of the coronary artery. To 
remove the vein, an incision is made along the inner 
aspect of the leg. Alternatively, small incisions can 

acute myocardial infarction, stroke, or  cardiovascular 
death. Unless contraindicated, patients with anterior 
acute myocardial infarction, pulmonary congestion, 
or a left ventricular ejection fraction of less than 40% 
should receive an ACE inhibitor within 24 hours.

ACE inhibitors block the conversion of angioten-
sin I to the potent vasoconstrictor angiotensin II, 
reduce aldosterone synthesis, and may promote 
fi brinolysis. As a result, these agents mitigate left 
ventricular remodeling, increase cardiac output, 
and decrease sodium retention, blood pressure, CVP, 
PAOP, SVR, and pulmonary vascular resistance.

Adverse effects of ACE inhibitors include hypo-
tension, dizziness, angioedema, cough, headache, 
fatigue, nausea, vomiting, diarrhea, hyperkalemia, 
and renal function impairment. All ACE inhibitors 
are contraindicated in pregnant patients, and for 
those with angioedema, bilateral renal artery steno-
sis, or preexisting hypotension. In the presence of 
impaired renal function, hyperkalemia, or concur-
rent diuretic use, these agents must be used with 
caution; a lower dosage is required.

Antihyperlipidemics
The pharmacological management of hyperlipid-
emia decreases morbidity and mortality from coro-
nary artery disease (CAD).8,9 Desirable lipid levels 
are as follows:

• Total cholesterol less than 200 mg/dL
• Low-density lipoprotein (LDL) cholesterol less 

than 100 mg/dL (less than 70 mg/dL in very high-
risk patients)

• High-density lipoprotein (HDL) cholesterol greater 
than 60 mg/dL

• Triglycerides less than 150 mg/dL

The primary target of antihyperlipidemic therapy is 
LDL cholesterol. Drug therapy with LDL-lowering 
drugs is recommended for patients who meet the 
following criteria:

• 0 to 1 risk factors for CAD (see Chapter 12, 
Box 12-3) and an LDL cholesterol level greater 
than or equal to 190 mg/dL

• 2 or more risk factors for CAD and an LDL choles-
terol level greater than or equal to 130 mg/dL

• Documented CAD or CAD risk equivalents (eg, 
stroke, diabetes, peripheral artery disease) and 
an LDL cholesterol level greater than or equal to 
100 mg/dL

Drug therapy may also be indicated when the tri-
glyceride level is 200 mg/dL or greater, and for 
patients with borderline-high triglycerides (150 to 
199 mg/dL) and CAD or CAD risk equivalents. For 
these patients, drugs to increase HDL cholesterol 
levels may be given.

There are fi ve major classes of antihyperlipidemic 
drugs:

• Hydroxymethylglutaryl coenzyme-A (HMG-CoA) 
reductase inhibitors (statins) decrease total and 
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Administration of nitroglycerin followed by oral 
nitrates postoperatively helps decrease the occur-
rence of spasm following grafting of the artery. 
Patency rates of 89% for 1 year have been reported.3

CABG surgery typically requires a midline sternot-
omy. In some cases, surgeons may use less invasive 
“mini” left or right thoracotomy approaches, known 
as minimally invasive direct coronary artery bypass 
grafting (MIDCABG). With MIDCABG, the number 
of grafts that can be performed is restricted because 
the small incision does not allow access to the entire 
heart surface. MIDCABG is most frequently used for 
grafts to the left anterior descending artery; grafts to 
the right coronary artery and the posterior descend-
ing artery can also be made.

CABG surgery is usually performed with the 
patient on cardiopulmonary bypass. The cardio-
pulmonary bypass machine (also called a pump 
oxygenator) assumes the job of oxygenating the 
patient’s blood and circulating it throughout the 
body (Box 13-3). However, it is also possible to per-
form CABG surgery “off pump” (OPCABG). Available 
data comparing CABG and OPCABG indicates that 
length of stay in patients after OPCABG surgery is 
decreased, and patients seem to have fewer neu-
rological complications. The stroke rate is similar 
in both groups of patients; however, in patients 
undergoing CABG, the symptoms of stroke occur 
immediately after surgery, and in patients undergo-
ing OPCABG, the symptoms of stroke appear later, 
48 to 72 hours after surgery.4 The explanation for 
this fi nding is that systemic infl ammatory response 
syndrome (SIRS) causes diffuse microembolic 

be made in the area of the vein, and a fl exible fi ber-
optic scope is inserted to visualize the vessel and 
remove it. The fi beroptic method of vein removal 
is associated with improved wound healing and 
reduced complications involving the incision site. 
Only 50% of saphenous vein grafts are patent 
after 10 years. Three main processes account for 
saphenous vein failure: thrombosis, fi brointimal 
hyperplasia, and atherosclerosis. Aspirin is recom-
mended postoperatively and should be continued 
indefi nitely to prevent early saphenous vein graft 
closure.2

• Internal mammary artery grafts. The internal 
mammary artery, the second branch of the sub-
clavian artery, is used as a pedicle graft (ie, the 
proximal end remains attached to the subclavian 
artery). Both the left and the right internal mam-
mary artery can be used. The internal mammary 
artery descends the anterior chest wall just lat-
eral to the sternum behind the costal cartilage. To 
isolate the internal mammary artery, the pleural 
space is entered and the internal mammary artery 
is dissected free from the chest wall. Ninety per-
cent of intermal mammary artery grafts are patent 
10 years after surgery. As compared with saphe-
nous artery grafts, internal mammary artery grafts 
exhibit less atherosclerosis over time and are 
associated with lower long-term morbidity and 
improved long-term survival.2

• Radial artery grafts. The radial artery, a thick, 
muscular artery, is prone to spasm with mechani-
cal stimulation. To prevent spasm, the artery is 
perfused with a calcium channel blocker solu-
tion during surgery and minimally stimulated. 

TA B L E  1 3 - 3 Common Conduits Used for Coronary Artery Bypass Grafting

Type of Graft Advantages Disadvantages

Saphenous vein • Technically easier to harvest
• Longer length may allow for several grafts

• Less long-term patency compared with 
internal mammary artery graft

• Leg incision has tendency toward 
edema and infection; less common with 
fi beroptic approach

Internal mammary 
artery

• Vascular endothelium adapted to arterial 
pressure and high fl ow, resulting in decreased 
intimal hyperplasia and atherosclerosis

• Improved long-term patency
• Retains nerve innervation and therefore its 

ability to adapt diameter to blood fl ow
• No leg incision
• Diameter closer to coronary artery

• Dissection off the chest wall takes more 
time; long dissection time may increase 
risk for postoperative bleeding

• Pleural chest tube needed because 
pleural space violated

• Increased postoperative pain
• Use of bilateral internal mammary 

arteries may increase risk for infection 
and sternal infection, especially in 
patients with diabetes

Radial artery • Technically easier to harvest
• Better patency rate compared with saphenous 

vein graft
• Vascular endothelium adapted to arterial 

pressure and high fl ow, resulting in decreased 
intimal hyperplasia and atherosclerosis

• Tendency to spasm, although this can 
be treated medically

• Preoperative assessment of ulnar 
artery’s ability to supply alternative 
blood fl ow is important
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B O X  1 3 - 3   Cardiopulmonary Bypass
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A cardiopulmonary bypass machine is used for cardiac 
surgeries that require the heart to be still and empty. 
Before the bypass is implemented, the tubing of the 
machine is primed with a balanced electrolyte solution 
or blood. The patient’s deoxygenated blood enters the 
bypass circuit either through one cannula placed in 
the right atrium or through two cannulae placed in the 
superior and inferior vena cavae (1), respectively. The 
blood is temporarily held in the reservoir (2), before 
moving into the oxygenator (3), which also removes 
carbon dioxide from the blood. The heat exchanger (4) 

cools the blood and then rewarms the blood, and then a 
series of roller-type pumps (5) pump the blood through 
the circuit and back to the patient. Oxygenated blood is 
returned to the ascending aorta (6) by way of a cannula. 
The fl ow through the bypass pump is nonpulsatile.

During cardiopulmonary bypass, the patient’s core 
body temperature is lowered to between 82°F and 
89°F to reduce the body’s metabolic demands and help 
protect major organ systems from ischemic injury. 
Heparin is administered to prevent massive extravas-
cular coagulation as the blood circulates through the 
mechanical parts of the bypass system. Once extracor-
poreal circulation is established and systemic hypother-
mia is achieved, the aorta is cross-clamped and a cold 
(39.2°F) cardioplegia solution that is high in potassium 
is infused into the aortic root. As it circulates through 
the coronary arteries, the cold cardioplegia solution 
induces asystole and hypothermia to decrease the 
metabolic demands of the myocardium. Topical hypo-
thermia is also created by pouring iced normal saline 
slush over the heart. Because cold cardioplegia can be 
associated with postoperative complications (eg, ven-
tricular dysrhythmias, decreased cerebral blood fl ow, 
reperfusion injury), some surgeons use a normothermic 
(98.6°F) cardioplegia solution instead.

Following completion of the surgery, the heat 
exchanger rewarms the blood (if hypothermic tech-
niques were used). The aortic cross-clamp is removed 
so that blood again perfuses the coronary arteries. 
During perfusion and rewarming, a spontaneous car-
diac rhythm may resume, ventricular fi brillation may 
develop (necessitating internal defi brillation), or pac-
ing may be used to initiate a rhythm. After a reliable 
rhythm and rate are established, total bypass may be 
reduced to partial bypass (ie, some of the patient’s 
blood is circulated through the heart and lungs, while 
some continues to circulate through the pump). After 
the heart can maintain adequate cardiac output on its 
own, the cannulae are removed and the heparinization 
is reversed.

events that take time to develop. Following OPCABG 
surgery, anticoagulation interventions are aggres-
sively implemented to suppress activation of the 
coagulation cascade. Ongoing nursing assessment 
of a patient who has undergone OPCABG surgery 
focuses on detecting embolic events and monitoring 
for side effects of anticoagulation (eg, gastrointesti-
nal bleeding, HIT).

Transmyocardial Revascularization
Transmyocardial revascularization may be an 
option for patients who continue to have unstable 
angina that is refractory to interventions. Eligible 
patients usually have had prior CABG surgery, mul-
tiple cardiac interventions with maximal medica-
tion manipulation, or both. A laser probe is used to 

create channels in the left ventricle wall that encour-
age revascularization. The location and number of 
channels created depend on the patient’s preopera-
tive cardiac performance. Revascularization, which 
takes many months to develop, is thought to involve 
angiogenesis (ie, the formation of new blood vessels 
or the modeling of existing blood vessels), which 
increases collateral fl ow to the dysfunctional areas.

Nursing Care of the Patient Undergoing 
Cardiac Surgery
Preoperative Care
The postoperative course depends on the patient’s 
preoperative condition; therefore, history, physical 
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examination, chest radiography, electrocardiogra-
phy, and laboratory test results are obtained and 
evaluated preoperatively. Factors that may increase 
mortality include age; gender; previous similar sur-
gery (resurgery); preoperative occurrence of acute 
myocardial infarction; and concomitant conditions 
such as diabetes mellitus, peripheral vascular dis-
ease, renal insuffi ciency, and COPD.2 Whether the 
surgery is elective or emergent may also infl uence 
outcome. Effective preoperative teaching (Box 13-4) 
can help improve outcomes and alleviate anxiety 
and stress for both the patient and the family.

Postoperative Care
Patients are transported directly to the critical care 
unit, where they recover from anesthesia and usually 
remain for 24 hours after surgery. Patients arrive in 
the critical care unit with numerous lines and tubes 
in place. Some patients will have had temporary 
pacing electrodes placed on the epicardial surface 
of the heart during surgery and brought out through 
the chest wall on either side of the median sternot-
omy incision (Fig. 13-1). Chest tubes placed in the 
mediastinum and pericardial space for drainage are 

B O X  1 3 - 4   Preoperative Teaching for the Patient Undergoing Cardiac Surgery

Equipment
• Cardiac monitor
• Arterial line
• Pulmonary artery catheter (PAC)
• IV lines and IV infusion pumps
• Endotracheal tube and ventilator: suctioning, how to 

communicate when intubated, anticipated removal
• Foley catheter: the patient may experience an 

increased sensation to urinate
• Chest tubes: anticipated removal
• Pacing wires
• Nasogastric tube
• Soft hand restraints

Incisions and Dressings to Expect
• Median sternotomy or other incision
• Leg incision (if saphenous vein is used)

The Patient’s Immediate Postoperative 
Appearance
• Skin yellow owing to use of Betadine solution in oper-

ating room
• Skin pale and cool to touch because of hypothermia 

during surgery
• Generalized “puffi ness,” especially noticeable in neck, 

face, and hands, because of third spacing of fl uid 
given during cardiopulmonary bypass

Awakening From Anesthesia
• The patient recovers in the critical care unit; does not 

go to the postanesthesia care unit

• Each patient recovers from anesthesia differently
• The patient may feel certain sensations
• The patient may hear certain noises
• The patient may be aware or able to hear but unable 

to respond

Discomfort
• Amount of discomfort to be expected
• When pain might be expected
• Relief mechanisms: positioning/splinting, medica-

tions, patient-controlled analgesia (PCA), and the 
importance of early administration of pain medication

Postoperative Respiratory Care
• Turning
• Use of pillow to splint median sternotomy incision
• Effective coughing and deep breathing after extuba-

tion; have the patient practice exercises before surgery
• Incentive spirometry
• Early mobilization

Miscellaneous
• Presence and purpose of postoperative invasive lines 

and tubes
• Postoperative activity progression
• Visiting policy in critical care unit
• Avoiding use of arms to protect stability of sternotomy

Atrial
electrodes

Ventricular
electrodes

F I G U R E  1 3 - 1  Placement of temporary epicardial pacing wires. 
Ventricular pacing electrodes are typically located to the left and 
atrial wires to the right of the sternum.
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metabolic rate, oxygen consumption, carbon dioxide 
production, and myocardial workload. If the patient 
is hemodynamically compromised, shivering can be 
managed with sedation, meperidine (Demerol), or a 
combination of neuromuscular blockade and seda-
tion if the shivering is severe.

Managing Pain
After cardiac surgery, the patient may experience pain 
resulting from the chest or leg incision, the chest tubes, 
rib spreading during surgery, and care activities. Pain 
can result in altered hemodynamics (eg, tachycardia, 
hypertension) diminished chest expansion, increased 
atelectasis, and retention of secretions.

Although pain perception varies from person to 
person, a median sternotomy incision is usually less 
painful than a lateral thoracotomy incision, and 
most patients report that the pain is most severe the 
fi rst 3 to 4 days after surgery. Discomfort from the 
leg incision often worsens after the patient is ambu-
latory, especially if leg swelling occurs.

Pain control, often with patient-controlled analge-
sia (PCA), is aggressively pursued to ensure comfort 
and rapid mobilization, which can lessen complica-
tions. Intercostal nerve blocks and spinal analgesia 
are less commonly used.

RED FLAG! It is important to differentiate 
angina from incisional pain because angina 
after CABG surgery may indicate graft failure. 
Typical median sternotomy pain is localized; does 
not radiate; is often worse with deep breathing, 
coughing, or movement; and is often described 
as sharp, dull, aching, or burning. Angina is 
usually precordial or substernal; not well localized; 
frequently radiates to the arms, neck, or jaw; is not 
affected by respiration or movement; and is often 
described as a pressure sensation.

brought out through stab wounds just below the 
median sternotomy. If the pleural space has been 
entered, pleural tubes will also be present.

Immediate postoperative care involves cardiac 
monitoring and maintenance of oxygenation and 
hemodynamic stability, as described in Box 13-5. 
Because cardiopulmonary bypass produces abnor-
mal blood interface and altered blood fl ow patterns, 
it has profound physiological effects (Table 13-4).

Ongoing care entails preventing hypothermia, 
managing pain, and monitoring for and preventing 
complications. Accurate assessments, vigilant moni-
toring, and proper interventions are critical in sta-
bilizing patients who have just undergone cardiac 
surgery. Box 13-6 presents a collaborative care guide 
for a patient who has undergone cardiac surgery.

Preventing Hypothermia
Whether the cardiac procedure is performed on or 
off bypass, hypothermia is a common side effect. 
Hypothermia causes peripheral vasoconstriction 
and a shift of the oxygen–hemoglobin dissociation 
curve to the left, which means that less oxygen is 
released from the hemoglobin to the tissues.

The nurse assesses the patient’s core temperature 
on admission to the critical care unit using pulmonary 
artery catheter (PAC) or tympanic methods. Patients 
frequently enter the critical care unit with a tem-
perature in the 95°F to 96.8°F (35°C to 36°C) range. 
Increasing the room temperature and using radiant 
heat, blankets, or a warming blanket are effective tech-
niques for increasing core temperature. Rewarming 
should occur slowly to prevent hemodynamic instabil-
ity due to rapid vasodilation. After rewarming, many 
patients experience an overshoot in body tempera-
ture, so ongoing temperature assessment is necessary.

Shivering, which occurs most often 1½ to 
3 hours after critical care unit admission, increases 

B O X  1 3 - 5   Nursing Responsibilities in Caring for the Cardiac Surgery the Patient in the Immediate 
Postoperative Period

Priority Interventions Performed by the Critical 
Care Team on Arrival
• Attach the patient to bedside cardiac monitor and 

note rhythm.
• Attach pressure lines to bedside monitor (arterial and 

pulmonary artery); level and zero transducers and 
note pressure values and waveforms.

• Obtain cardiac output/index and note existing inotro-
pic or vasoactive drips.

• After ventilator is connected to endotracheal tube, 
auscultate breath sounds bilaterally.

• Apply end-tidal carbon dioxide monitor to ventilator 
circuit and note waveform and value (best indicator of 
endotracheal tube placement).

• Apply pulse oximetry device to the patient and note 
the arterial oxygen saturation (SpO

2) and 
waveform.

• Check peripheral pulses and perfusion signs.

• Monitor chest tubes and character of drainage: 
amount, color, fl ow. Check for air leaks.

• Measure body temperature and initiate rewarming if 
temperature less than 96.8°F (36°C).

Once the Patient Is Determined to Be 
Hemodynamically Stable
• Measure urine output and note characteristics.
• Obtain clinical data (within 30 minutes of arrival).
• Obtain chest radiograph.
• Obtain 12-lead electrocardiogram (ECG).
• Obtain routine bloodwork within 15 minutes of 

arrival; tests may include arterial blood gases (ABGs), 
potassium, glucose, partial thromboplastin time 
(PTT), hemoglobin (varies with facility).

• Assess neurological status.
• Test pacemaker function by assessing capture and 

sensing.

(text continues on page 169)
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TA B L E  1 3 - 4 Effects of Cardiopulmonary Bypass

Effects Clinical Implications

Increased Capillary Permeability

Interface between blood and nonphysiological surfaces 
or bypass circuit leads to

• Complement activation that increases capillary 
permeability

• Platelet activation—platelets secrete vasoactive 
substances that increase capillary permeability

• Release of other vasoactive substances that increase 
capillary permeability

Large amounts of fl uid move from the intravascular 
to the interstitial space during and up to 6 h after 
cardiopulmonary bypass.

Patient becomes edematous.

Hemodilution
Solution used to prime extracorporeal circuit dilutes the 

patient’s blood.
Secretion of vasopressin (antidiuretic hormone [ADH]) is 

increased.
Levels of renin–angiotensin–aldosterone are increased 

because of nonpulsatile renal perfusion.
Total body water is increased.

Decreased blood viscosity improves capillary perfusion during 
nonpulsatile fl ow and hypothermia.

Hgb and Hct decrease.
Levels of coagulation factors are decreased because of 

dilution.
Intravascular colloid osmotic pressure is decreased, 

contributing to movement of fl uid from intravascular to 
interstitial spaces.

Water is retained at collecting tubule of kidney.
Aldosterone causes retention of sodium and water at renal 

tubule.
Weight gain occurs.

Altered Coagulation
Procoagulant effects:
• Interface between blood and nonendothelial surfaces of 

bypass circuit activates intrinsic coagulation cascade.
• Platelet damage activates intrinsic pathway.
Anticoagulant effects:
• Interface between blood and nonendothelial surfaces 

of bypass circuit causes platelets to adhere to tubing 
and to clump; abnormal platelet function; activation 
of coagulation cascade, which depletes clotting 
factors; denaturization of plasma proteins, including 
coagulation factors.

• Coagulation factors are decreased as a result of 
hemodilution.

Risk for microemboli is increased.

Platelet count decreases by 50%–70% of baseline.
Abnormal postoperative bleeding occurs.
Possibility of bleeding diathesis exists.

Damage to Blood Cells
Exposure of blood to nonendothelial surfaces causes 

mechanical trauma and shear stress.
• Platelet damage occurs.
• Red blood cell hemolysis occurs.
• Leukocytes are damaged.

Platelet count is decreased.
Free hemoglobin and hemoglobinuria are increased.
Hct is decreased.
Immune response is diminished.

Microembolization
Emboli form from tissue debris, air bubbles, platelet 

aggregation.
Microemboli to body organs (brain, lungs, kidneys) are 

possible.

Increased Systemic Vascular Resistance (SVR)
Catecholamine secretion is increased when 

cardiopulmonary bypass is initiated.
Renin secretion is due to nonpulsatile fl ow to kidney.
Hypothermia develops.

Hypertension is possible.
Increased SVR may decrease cardiac output.
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B O X  1 3 - 6 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient After Cardiac Surgery

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
ABGs are within normal limits and pulse 

oximeter value is >92%.
Pulmonary edema is minimized on chest x-ray 

and demonstrated by improved breath 
sounds.

Atelectasis is improved.
Chest tubes remain patent.

• Obtain ABGs per protocol.
• Correlate pulse oximeter and end-tidal CO2 with ABG results.
• Adjust ventilator settings after consulting with the respiratory 

therapist and physician.
• Wean from mechanical ventilation per protocol using the exper-

tise of respiratory therapy.
• Extubate when the patient is hemodynamically stable; able to 

protect airway.
• Provide supplemental oxygen after extubation.
• Encourage use of incentive spirometer, cough and deep breath-

ing q2–4h after extubation.
• Milk chest tubes if necessary to facilitate forward drainage 

movement.
 

Circulation/Perfusion
The patient maintains adequate clinical 

perfusion.
Vital signs will be within normal limits, 

including MAP > 70 mm Hg; cardiac index 
will be in a suitable range for the patient’s 
left ventricular function.

Heart failure due to decreased cardiac output 
or perioperative myocardial infarction is 
minimized.

The patient is euthermic.

• Monitor pulmonary artery pressure and PAOP, central venous 
pressure (CVP) or right atrial pressure (RAP), cardiac output, 
systemic vascular resistance (SVR), and pulmonary vascular 
resistance per protocol if pulmonary artery catheter is in place.

• Monitor ECG, ST segments, and arterial blood pressure 
continuously.

• Administer positive inotropic agents and reduce afterload with 
vasodilating agents guided by hemodynamic parameters and 
physician orders.

• Regulate volume administration as indicated by PAOP or CVP 
values.

• Evaluate effect of medications on BP, HR, and hemodynamic 
parameters.

• Monitor and treat dysrhythmias per protocol and physician 
orders.

• Anticipate need for temporary cardiac pacing; isolate wires for 
electrical safety.

• Prepare the patient for IABP assist if necessary.
• Assess for neck vein distention, pulmonary crackles, S

3 or S4, 
peripheral edema, increased preload parameters, elevated “a” 
wave of CVP or PAOP waveform.

• Monitor 12-lead ECG if ECG changes observed.
• Assess temperature q1h.
• Warm the patient 1°C/h by using warming blankets, lights, and 

fl uid warmer.
 

Hematological Issues
The patient has minimal bleeding and avoids 

cardiac tamponade.
Chest tube drainage is <200 mL/h.

• Monitor for signs of cardiac tamponade (hypotension, pulsus 
paradoxus, tachycardia, cardiac pressure equalization).

• Evaluate chest x-ray for widened mediastinum, consulting with a 
physician as needed.

• Monitor prothrombin time (PT), partial thromboplastin time 
(PTT), complete blood count (CBC), and anticoagulant therapy 
per protocol.

• Administer protamine, blood products, and other procoagulants 
per order or protocol.

• Monitor vasoactive drug need and report marked increase of 
drugs to physician (marked increase may indicate possible 
tamponade).
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B O X  1 3 - 6 C O L L A B O R A T I V E  C A R E  G U I D E  ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Fluids/Electrolytes
The patient maintains or improves preoperative 

renal function, as evidenced by urine output 
of approximately 0.5 mL/kg/h.

• Replace K+ to maintain level >4.0 mEq/L.
• Monitor intake and output q1–2h.
• Monitor BUN, creatinine, electrolytes, Mg+, PO4

+.
• Record daily weights.
• Administer fl uid volume or diuretics as ordered.

 

Mobility/Skin Integrity
The patient maintains range of motion, muscle 

strength, and skin integrity.

Incisions heal without evidence of infection.

• Turn the patient side to side q2h while on bedrest and evaluate 
skin closely.

• Mobilize out of bed after extubation.
• Progress activity to chair for meals, bathroom privileges, 

increased distance walking, delegating to assistive personnel as 
indicated.

• Monitor vital signs, respiratory effort during activity.
• Check stability of sternotomy incision daily, especially with 

 diabetic patients.
• Assess sternotomy and leg incision for redness, swelling, 

drainage.
• Apply compression hose and elevate legs to reduce edema.
• Provide caloric and nutrient intake to meet metabolic require-

ments per calculation for long-term patients.
• Monitor prealbumin for trends on long-term patients.

 

Comfort and Pain Control
The patient has relief of surgical pain.
The patient demonstrates no evidence of pain 

or anxiety such as increased HR, BP, RR, or 
agitation during activity or procedures.

Timely administration of pain medication is a 
priority.

• Assess quality, duration, location of pain. Use visual analog scale 
to assess pain quantity.

• Provide a calm environment. Provide for adequate periods of rest 
and sleep.

 

Teaching/Discharge Planning
The patient and family understand:
 Tests, procedures, treatments
 Need for restraints as indicated and per 

facility policy
 Activity levels, dietary restrictions, 

medication regimen, and incision care.

• Consult nutritional support services.
• Make appropriate social work referrals early during 

hospitalization.
• Initiate education regarding heart-healthy diet, physical activity 

limitations (eg, lifting over 10–15 lb, driving restrictions), stress-
reduction strategies, management of pain, incision care.

Supporting Cardiac Output
To maintain optimal cardiac performance and blood 
pressure, proper volume resuscitation is impera-
tive. A variety of fl uids may be used, including nor-
mal saline, hetastarch, hyperosmolar fl uids (eg, 3% 
saline), and blood products (if the patient is bleed-
ing). Hemodynamic parameters, including a low CVP 
(less than 8 to 10 mm Hg), low pulmonary artery dia-
stolic pressure, and low PAOP (less than 14 to 18 mm 
Hg), in combination with a low cardiac index (less 
than 2.5 L/min/m2), help guide interventions.

Sympathomimetic drugs or intraaortic balloon 
pump (IABP) counterpulsation (described later 
in this chapter) may be used to improve cardiac 
contractility. Potential underlying causes of myo-
cardial dysfunction include myocardial ischemia 

and infarction, stunned myocardium (ie, the tran-
sient depression of left ventricular function due 
to a temporary reduction of myocardial blood 
fl ow), hibernating myocardium (ie, chronically 
impaired yet viable myocardial tissue), and car-
diac tamponade. Whatever the cause, time and 
support of function are usually the major factors 
that improve cardiac performance. Protracted 
periods of time with mechanical or pharmacologi-
cal support may indicate the need for a ventricular 
assist device (VAD), usually as a bridge to heart 
transplantation.

Reducing SVR can also increase cardiac perfor-
mance. If the patient has an adequate blood pres-
sure (mean arterial pressure [MAP] greater than 
70 mm Hg or systolic blood pressure greater than 
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Protracted poor cardiac or respiratory function 
requires continued mechanical ventilation. A tra-
cheostomy should be considered in patients with 
compromised respiratory function because it can 
enhance the ventilator weaning process and pro-
mote patient comfort.

Preventing Neurological Complications
Once the patient is awake from the anesthesia, fre-
quent evaluation of level of consciousness and motor 
and sensory ability is mandatory. Postoperative neu-
rological defi cits are divided into two categories: (1) 
major focal defi cits (stroke), stupor, or coma and 
(2) deterioration in intellectual function. Causes 
of stroke include emboli, hypoxia, hypoperfu-
sion, hemorrhage, and metabolic abnormalities. 
Cognitive changes (eg, defi cits in memory, language, 
or psychomotor function) are most noticeable 
immediately after surgery but may still be present 
12 to 36 months after the procedure.5

Monitoring Postoperative Bleeding
Drainage and decompression of the pericardial 
and pleural spaces is required after cardiac sur-
gery. Small, fl exible chest tubes with bulb suction 
decrease discomfort, increase early ambulation, 
and decrease the accumulation of pleural effu-
sions. Vigilant monitoring of chest tube drainage is 
imperative. The usual mediastinal chest tube out-
put ranges from 100 to 200 mL/h, with periods of 
increased drainage caused by changes in position 
or temperature. Measurement of drainage may be 
required hourly or at more frequent intervals (every 
15 or 30 minutes) if drainage is copious.

RED FLAG! Chest tube bleeding that exceeds 
500 mL/h is considered surgical bleeding and 
mandates surgical reexploration.

If the chest tube output is greater than 200 mL/h, 
then intervention is necessary. Protamine is given 
fi rst to reverse the effects of heparin. Aggressive 
rewarming is very important in a patient who has 
increased bleeding because of the increased risk of 
bleeding if hypothermic. However, as the patient’s 
temperature rises, heparin is reactivated, causing 
increased bleeding. Platelet infusions are also used 
to decrease bleeding.

Follow-up coagulation studies act as a guide to 
the need for further infusions and assist with moni-
toring blood loss. If bleeding is increasing, an ele-
vated PT (greater than 15 seconds) may indicate 
that bleeding is due to a lack of factors (eg, fi brino-
gen) that can be replaced using fresh frozen plasma. 
Coagulation factors such as cryoprecipitate (factors 
I and VIII) and factor VII are indicated in severe 
bleeding. Medications such as aminocaproic acid 
(a potent fi brinolysis inhibitor), aprotinin (a serine–
protease inhibitor that blocks kallikrein at the begin-
ning of the coagulation cascade), and desmopressin 
acetate (which infl uences factor VIII and enhances 
platelet adhesion) can be administered to promote 
coagulation.

120 mm Hg) without pharmacological support, 
afterload reduction with arterial vasodilators can be 
started with or without inotropic support. The nec-
essary speed of response dictates the choice of drug.

Monitoring for Dysrhythmias
Dysrhythmias frequently occur after CABG surgery. 
The hemodynamic response to a change in cardiac 
rhythm dictates the speed of the intervention in 
patients. Knowledge of the patient’s baseline rhythm 
is important. The types of dysrhythmias that may 
occur range from premature atrial contractions to 
ventricular fi brillation and asystole.

• Sinus tachycardia is very common and can be 
detrimental because prolonged periods of tachy-
cardia decrease diastolic fi lling time and coronary 
artery perfusion.

• Premature atrial contractions that occur fre-
quently may be a precursor to atrial fi brillation. 
Maintenance of adequate potassium levels (ie, 4 
to 4.5 mEq/L) and IV infusion of magnesium may 
minimize premature atrial contractions.

• Atrial fi brillation can lead to cardiac decompen-
sation and cardioembolic stroke. For new-onset 
atrial fi brillation, the goals are conversion to sinus 
rhythm using antidysrythmics or control of the 
ventricular response rate. If atrial fi brillation per-
sists or reoccurs for more than 24 hours, warfarin 
anticoagulation may be needed.1

• Heart block dysrhythmias occur secondary to 
edema at the surgical site near the conduction 
system and are seen most often in patients who 
have undergone valve surgery. This rhythm usu-
ally resolves 48 to 72 hours after surgery, once the 
edema has decreased.

• Premature ventricular contractions (PVCs) can 
deteriorate to ventricular tachycardia, ventricular 
fi brillation, or asystole. If there is no pulse, cardio-
pulmonary resuscitation (CPR) is started imme-
diately and advanced cardiac life support (ACLS) 
guidelines are followed.

Preventing Pulmonary Complications
Pulmonary complications after cardiac surgery can 
be attributed to the infl ammatory response and 
the development of atelectasis and pneumonia. 
Mechanical ventilation is required to achieve ade-
quate oxygenation and ventilation. Positive end-
expiratory pressure (PEEP) is frequently used to 
help keep the alveoli open and improve oxygen-
ation. The goal for CABG patients is quick weaning 
from mechanical ventilation. Once the patient has 
displayed the ability to follow commands and the 
strength to protect the airway, a short contiuous 
positive airway pressure (CPAP) trial is instituted. 
The patient can be extubated when cardiac perfor-
mance is good (cardiac index greater than 2.2 L/
min/m2), adequate oxygenation and ventilation are 
achieved without acidosis, and chest tube bleeding 
is minimal. Following extubation, aggressive use of 
incentive spirometry and physical mobility ensures 
proper pulmonary function.
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measures to maintain the stability of the sternum 
(eg, avoiding excessive arm movement, placing a 
small pillow on the sternal incision and squeezing 
when coughing, and sleeping on the back).

Percutaneous Coronary Intervention 
Techniques
PCI techniques are less invasive procedures for the 
treatment of CAD. PCI techniques compare favor-
ably with CABG in terms of risk, success rate, the 
patient’s physical capacity after the procedure, 
length of hospital stay, and cost.7 Successful PCI, 
which is defi ned as a signifi cant reduction of the 
luminal diameter stenosis (40% to 50%) without 
signifi cant in-hospital complications (eg, death, 
myocardial infarction, abrupt closure necessitat-
ing CABG or repeat PCI) ranges from 80% to 100%, 
depending on the patient’s clinical presentation (ie, 
stable or unstable angina) and angiographic charac-
teristics (ie, subtotal or total occlusion). Long-term 
survival rates are high, although repeat PCI may be 
necessary for recurrent or progressive disease.

Commonly used PCI techniques include percu-
taneous transluminal coronary angioplasty (PTCA) 
and stent placement.

• PTCA. During PTCA, a catheter is introduced 
into an area of coronary artery stenosis. A balloon 
attached to the catheter is then infl ated, increasing 
the luminal diameter and improving blood fl ow 
through the dilated segment (Fig. 13-2). The pro-
cess that leads to successful dilation is complex, 
but it is thought that PTCA stretches the vessel 
wall, leading to fracture of the inelastic atheroscle-
rotic plaque and to tearing or cracking within the 
intima and media of the vessel. This cracking or 
slight dissection of the inner lumen of the vessel 
may be necessary for successful dilation.

• Stent placement. Intracoronary stents are hol-
low stainless steel tubes that act as “scaffolding” 
in the coronary artery. The artery is dilated using a 
PTCA balloon catheter, and then a stent that is pre-
mounted on a balloon catheter is inserted through 
the guide catheter along a guide wire to the lesion 
site. Once placed across the stenotic lesion, the 
balloon is infl ated, and the stent is expanded and 
left in the coronary artery. Success of the stenting 
procedure depends on endothelialization of the 
stent to provide a smooth fl ow of blood in the cor-
onary artery and through the stent. Drug-eluting 
stents are coated with drugs such as heparin, pacli-
taxel, or rapamycin. It is believed that the gradual 
release of these drugs at the site of the atheroscle-
rotic plaque inhibits restenosis by limiting smooth 
muscle cell proliferation and infl ammation while 
allowing reendothelialization to proceed normally. 
The use of drug-eluting stents has dramatically 
decreased the need for repeat PCI procedures. 
Stent thrombosis is a major short- and long-term 
complication of stent placement, especially with 

RED FLAG! Cardiac tamponade is a 
serious complication of increased postoperative 
bleeding that occurs when excessive fl uid or blood 
accumulates in the pericardial space, resulting in 
increasing pressure on the ventricle. Tamponade 
may develop rapidly or slowly, depending on how 
fast blood accumulates in the pericardial sac. It is 
important to monitor the chest tube drainage closely 
and maintain patency. Decreasing cardiac output, 
blood pressure, and chest tube drainage along with 
a signifi cant increase in pharmacological support 
despite volume resuscitation are important warning 
signs.

Preventing Renal Complications
Decreasing urine output (less than 0.5 mL/kg/h) is 
usually caused by decreased renal perfusion due 
to depressed cardiac function. Mechanical prob-
lems (eg, catheter obstruction or malposition) are 
often overlooked and should be ruled out fi rst. 
Hypovolemia is a very common problem that can 
be addressed with fl uid administration. For some 
patients, diuresis with a loop diuretic may be neces-
sary. Urine output, creatinine levels, and blood urea 
nitrogen (BUN) levels are closely monitored. If acute 
renal failure develops, dialysis is necessary.

Preventing Endocrine Complications
In the initial postoperative period, maintaining a 
blood glucose level of less than 200 mg/dL is par-
ticularly important in managing wound healing. Use 
of an insulin drip initially has been shown to reduce 
the incidence of deep sternal wound infections by 
50%.6 Once good glucose control is achieved, insulin 
is given subcutaneously, and glucose levels are fol-
lowed closely.

Adrenal insuffi ciency may occur, especially in 
patients who were receiving steroids at regular 
intervals before surgery. If the patient is taking vaso-
active drugs and cannot be weaned from them with-
out becoming hemodynamically unstable, adrenal 
insuffi ciency is considered.

Monitoring for Infection
In the early postoperative period, febrile reactions 
are usually attributed to SIRS and to overshoot 
from rewarming. If the fever (temperature greater 
than 100.4°F [38°C]) persists for more than 48 to 
72 hours, infection should be considered.

Mediastinitis is the major infection in patients 
who have undergone CABG surgery and may be a 
devastating complication that increases the length 
of hospital stay and mortality. Risk factors associ-
ated with mediastinitis are obesity; prior cardiac 
surgery; preexisting type 1 diabetes mellitus; and 
perioperative factors such as excessive electrocau-
tery use and use of both internal mammary arteries, 
resulting in compromised blood fl ow to the chest 
wall. Immediate intervention is an extended anti-
biotic course. Long-term management may include 
plastic surgery of the thoracic wall. Because sternal 
instability is thought to contribute to the develop-
ment of mediastinitis, the nurse teaches the patient 
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older bare metal stents, which act as thrombo-
genic prostheses. Anticoagulation and antiplate-
let medication regimens are crucial to successful 
stenting and long-term prognosis.

PCI is used to alleviate angina pectoris unrelieved 
by medical treatment and to reduce the risk for 
myocardial infarction in symptomatic patients and 
asymptomatic patients with signifi cant stenosis. It 
is only indicated for coronary arteries that have at 
least a 70% narrowing. Patients with surgical risk 
factors (eg, severe underlying noncardiac diseases, 
advanced age, poor left ventricular function) are 
particularly suited for PCI because successful dila-
tion obviates the need for an operation that would 
be poorly tolerated. It is also often appropriate for 
patients who have undergone CABG surgery previ-
ously, but are now experiencing recurrent symptoms 
because of stenosis and graft closure or progression 
of coronary disease.

If thrombus and underlying stenosis are causing 
an infarction, thrombolytic therapy, PCI, or both 
may be used. If a blood clot has impeded fl ow to 
the distal myocardium and precipitates an ischemic 
episode, a thrombolytic agent can be administered 
intravenously or directly into the coronary artery. 
On successful lysis of the thrombus, dilation of the 
underlying stenosis often further enhances blood fl ow 
to the reperfused myocardium. Primary PCI is dila-
tion of an infarct-related coronary artery during the 
acute phase of myocardial infarction without prior 

F I G U R E  1 3 - 2  Percutaneous transluminal coronary angioplasty (PTCA). A: Many PTCA balloons expand at 
both ends and not in the center, where they are pinched by the stenosis. B: The central indentation usually 
disappears as the stenosis is dilated. (Courtesy of John B. Simpson, MD, Palo Alto, CA.)

administration of a thrombolytic agent. Primary 
PCI may benefi t patients deemed ineligible for tra-
ditional medical therapy (eg, those in cardiogenic 
shock, those believed to be at high risk for bleeding 
complications, and those older than 75 years).

Nursing Care of the Patient Undergoing 
PCI
Preprocedure
The nurse monitors all preliminary laboratory tests, 
including cardiac enzymes; coagulation studies (PT 
and partial thromboplastin time [PTT]); and serum 
electrolytes, creatinine, and BUN levels. Potassium 
levels must be within normal limits because low levels 
result in increased sensitivity and excitability of the 
myocardium, potentially giving rise to life-threatening 
ventricular dysrhythmias, especially with ischemic 
myocardium. Evaluation of kidney function is impor-
tant because PCI entails the use of radiopaque contrast 
material. Contrast-induced renal failure occurs more 
frequently in patients with higher baseline creatinine 
levels.8 In addition to evaluating kidney function, the 
nurse ensures that the patient is adequately hydrated 
to promote excretion of the contrast material.

The Older Patient. Elderly patients may be sensitive 
to small amounts of contrast material; therefore, it 
is especially important to monitor kidney function in 
elderly patients, both before and after PCI.
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Because the femoral approach is used most 
often in PCI to access the vasculature, most 
patients have an entry port in either the right or 
the left groin through which sheaths have been 
placed percutaneously in a vein and an artery. 
Many times, the sheaths are removed before the 
patient leaves the cardiac catheterization labora-
tory, and a hemostasis device, collagen plug, or 
surgical suture around the opening of the blood 
vessel is used to facilitate hemostasis. The nurse 
instructs the patient on the importance of keeping 
the involved leg straight and the head of the bed 
angled at 45 degrees or less.

If the sheath remains in place after the procedure, 
an IV infusion is attached to the venous sheath and 
a pressurized arterial fl ush is attached to the arterial 
line to prevent clotting in the lumens. This arrange-
ment ensures patency should an immediate return 
to the cardiac catheterization laboratory be neces-
sary because of a complication. Otherwise, if the 
post-PCI course is uncomplicated, the sheaths are 
removed after 2 to 4 hours, and pressure is applied to 
the site. The patient must remain on complete bed-
rest for 4 to 6 hours after the sheaths are removed. 
Bleeding at the sheath site may result in a major 
hematoma that can require surgical evacuation or 
compromise distal blood fl ow to the lower extremity. 
After sheath removal, the nurse pays careful atten-
tion to the area of the puncture site, checking distal 
pulses frequently and reporting immediately to the 
physician any changes that may indicate bleeding. 
To prevent excessive bleeding and to aid hemosta-
sis, the physician may order that a 5-lb sandbag be 
placed over the puncture site.

After PCI, aspirin is continued indefi nitely for its 
antiplatelet effect. Patients who have had a drug-
eluting stent placed are administered clopidogrel for 
12 months postprocedure, and possibly indefi nitely, 
unless CABG is planned. Often, long-acting nitrates, 
calcium channel blockers, ACE inhibitors, and lipid-
lowering agents are added to the medical regimen.

Intraaortic Balloon Pump 
Counterpulsation
In intraaortic balloon pump (IABP) counterpulsa-
tion, infl ation and defl ation of a balloon in the tho-
racic aorta is used to increase oxygen supply to the 
myocardium, decrease left ventricular work, and 
improve cardiac output. Major uses of IABP coun-
terpulsation include the treatment of acute left ven-
tricular failure after cardiac surgery, the treatment 
of cardiogenic shock after myocardial infarction, 
and as short-term “bridge” therapy prior to car-
diac transplantation. The desired results of IABP 
therapy are increased coronary artery perfusion and 
decreased afterload with a subsequent increase in 
cardiac output. Contradictions to IABP counterpul-
sation include aortic insuffi ciency, severe peripheral 
vascular occlusive disease, and aortic aneurysm.

Twenty-four hours before the procedure, aspirin 
(325 mg once a day) is administered for its antiplate-
let effect. Studies have also shown that administra-
tion of an antiplatelet drug before and after a PCI 
decreases adverse events such as acute closure and 
subacute thrombosis.9 Diabetic patients taking met-
formin are advised to discontinue this medication 
before their procedure because it is contraindicated 
with intravascular contrast agents. Anticoagulants 
such as warfarin are also often withheld for a num-
ber of days before the PCI procedure.

Postprocedure
Following PCI, the nurse monitors for complications 
(Box 13-7). Initial post-PCI laboratory tests may 
include coagulation studies, cardiac enzymes, and 
serum electrolytes. Elevation of the cardiac enzymes 
can indicate that a silent myocardial infarction has 
occurred and must be reported to the physician 
immediately. Chest pain may indicate a transient 
vasospastic episode, which can be resolved with 
vasodilation therapy, or an acute occlusion, which 
requires emergent repeat PCI or CABG surgery. At 
the fi rst sign of vasospasm, the nurse administers 
oxygen by mask or nasal cannula and obtains a 
12-lead electrocardiogram (ECG) to document any 
acute changes indicative of injury to the myocar-
dium (eg, ST-segment elevation). For fast, tempo-
rary (and possibly permanent) relief, nitrates and 
calcium channel blockers may be administered. In 
addition, the IV drip of nitroglycerin is titrated to 
maintain a blood pressure adequate to ensure cor-
onary artery perfusion and to alleviate chest pain. 
Emergent CABG surgery may be necessary when 
the vasoconstriction cannot be reversed through the 
administration of nitrates.

B O X  1 3 - 7   Complications of Percutaneous 
Coronary Intervention (PCI)

• Myocardial infarction
• Coronary artery spasm
• Abrupt closure of a dilated segment
• Coronary artery dissection or intimal tear
• Restenosis
• Coronary perforation
• Bradycardia
• Ventricular tachycardia or ventricular fi brillation
• Transient or persistent neurological defi cit
• Contrast sensitivity reactions (eg, urticaria, fl ushing, 

laryngospasm, nausea, anxiety)
• Retroperitoneal hemorrhage
• Peripheral vascular complications occurring 

 primarily at the catheter site
� Arterial thrombosis
� Excessive bleeding/ hematoma formation
� Pseudoaneurysm
� Femoral arteriovenous fi stula
� Arterial laceration
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IABP counterpulsation is usually an unplanned, 
emergent intervention for a deteriorating condi-
tion. Preparing family members prior to their fi rst 
visit with the patient following device insertion and 
providing ongoing explanations of the patient’s sta-
tus and care can help to alleviate anxiety. Honest 
communication helps family members recog-
nize changes in the patient’s condition and make 
informed, realistic decisions regarding the patient’s 
care.

Insertion and Operation
The balloon used in IABP counterpulsation is posi-
tioned in the thoracic aorta via the femoral artery. It 
is positioned just distal to the great vessels and prox-
imal to the renal artery (Fig. 13-3). Once in place, 

Left
subclavian
artery

Renal
artery

F I G U R E  1 3 - 3  Positioning of the balloon catheter in intraaortic 
 balloon pump (IABP) counterpulsation.

the balloon catheter is attached to a console that 
displays the patient’s ECG and an arterial waveform 
for timing of the balloon infl ation and defl ation. The 
console also displays a balloon waveform that illus-
trates the infl ation and defl ation of the balloon itself. 
The balloon is infl ated and defl ated in accordance 
with the cardiac cycle:

• Infl ation occurs during diastole, increasing aortic 
pressure and retrograde blood fl ow back toward 
the aortic valve (Fig. 13-4). This increases coro-
nary artery perfusion pressure and blood fl ow, 
thus improving oxygen supply.

• Defl ation occurs just before systole (ie, just before 
blood is ejected from the left ventricle). This 
decreases the impedance to ejection (ie, afterload), 
the left ventricle’s workload, and myocardial oxy-
gen demand.

Timing of infl ation and defl ation must coincide with 
the cardiac cycle to ensure effectiveness of IABP 
therapy. Two primary methods of timing can be used 
with IABP therapy:

• Conventional timing uses the arterial waveform 
as the triggering mechanism to determine both 
infl ation and defl ation of the balloon. Balloon 
infl ation occurs at the dicrotic notch (which 
signals the closure of the aortic valve and the 
beginning of diastole on the arterial waveform). 
Defl ation is timed to occur at end diastole, just 
before the next sharp systolic upstroke on the 
arterial waveform.

• Real timing uses the same point of reference on 
the arterial waveform for balloon infl ation but 
uses the ECG signal as the trigger for balloon defl a-
tion. The QRS complex is recognized as the onset 
of ventricular systole. Triggering off the R wave 
allows for balloon defl ation to occur at the time 
of systolic ejection. Real timing is more effective 

A. Inflation B. Deflation

F I G U R E  1 3 - 4  Intraaortic balloon pump (IABP) counterpulsation. 
A: Infl ation of the balloon increases aortic pressure and retrograde 
blood fl ow back toward the aortic valve. B: Defl ation of the balloon 
decreases the impedance to ejection, reducing ventricular workload 
and increasing cardiac output.
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in patients with irregular heart rhythms because 
balloon defl ation occurs on recognition of the 
R wave. Real timing can also be achieved with a 
special IABP catheter that has a fi beroptic pres-
sure sensor in the tip. The pressure sensor deter-
mines the precise time when the aortic valve closes 
with each contraction of the heart, regardless of 
the patient’s heart rhythm.

Improper timing reduces the effectiveness of therapy 
and can be detrimental to the patient. For example

• Early infl ation shortens systole abruptly and 
increases ventricular workload as ejection is sud-
denly interrupted.

• Late infl ation does not increase the coronary 
artery perfusion pressure suffi ciently.

• Early defl ation allows pressure to rise to normal 
end-diastolic levels preceding systole, resulting in 
no decrease in afterload.

• Late defl ation encroaches on the next systole and 
increases afterload because of the presence of the 
still-infl ated balloon during early systolic ejection.

Nurses must be able to recognize and correct prob-
lems in balloon pump timing. To do this, analysis 
of the arterial pressure waveform is necessary. To 
evaluate the waveform effectively, the patient’s 
unassisted pressure tracing is viewed alongside 
the assisted pressure tracing. This can be accom-
plished by adjusting the console so that the bal-
loon infl ates and defl ates on every other beat (ie, a 

B O X  1 3 - 8   Assessing the Effectiveness of Intraaortic Balloon Pump (IABP) Therapy Using the 
Arterial Pressure Waveform

5

3

2

1

IABP ON 4

A C

B

 Unassisted Waveform Assisted Waveform

 A: Systolic upstroke 1: Infl ation point
 B: Systolic peak 2: Infl ation slope
 C: Dicrotic notch 3:  Diastolic augmentation peak 

(diastolic peak pressure)
  4: End-diastolic dip
  5: Next systolic peak

This tracing shows an unassisted arterial waveform, 
 followed by an assisted arterial waveform.

Five Criteria for Assessing the Effectiveness of 
IABP Using the Arterial Pressure Waveform
• Infl ation occurs at the dicrotic notch (1 is equal to C).
• Infl ation slope is parallel to the systolic upstroke and 

is a straight line (2 is parallel to A).
• Diastolic augmentation peak is greater than or equal 

to the preceding systolic peak (3 greater than or equal 
to B).

• An end-diastolic dip in pressure is created with bal-
loon defl ation (4). The deeper the diastolic dip cre-
ated by the balloon defl ation, the better the afterload 
reduction.

• The following systolic peak (assisted systole) is lower 
than the preceding systole (unassisted systole) (5 is 
less than B).

1:2 assist ratio). Alternatively, a strip recording of 
the 1:2 assistance can be obtained for analysis. 
Box 13-8 summarizes how to evaluate the effec-
tiveness of IABP therapy using the arterial pressure 
waveform.

Cardiovascular monitoring is also important 
in determining the effectiveness of IABP therapy. 
Effective IABP therapy causes a decrease in heart 
rate, MAP, and PAOP. Heart rhythm and regularity 
must also be considered. Irregular dysrhythmias 
may inhibit effi cient IABP therapy with some types 
of consoles because timing is set by the regular R–R 
interval on the ECG. Urine output, skin perfusion, 
and mentation are important assessment parame-
ters for determining the adequacy of cardiac output.

Complications
Complications associated with IABP counterpulsa-
tion include mechanical problems with the balloon, 
impaired circulation, bleeding at the insertion site, 
and infection.

• Mechanical problems. The nurse frequently 
assesses the left radial pulse and urine output 
to detect problems with balloon placement. A 
decrease, absence, or change in character of the 
left radial pulse may indicate that the balloon has 
advanced up the aorta and is causing either a com-
plete or partial obstruction of the left subclavian 
artery. An acute, dramatic drop in urine output 
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ratio is achieved. A patient may be assisted at the 
fi rst decrease for up to 4 to 6 hours. The minimal 
amount of time is 30 minutes. During this time, the 
nurse assesses the patient for any change in hemo-
dynamic status.

Ventricular Assist Devices
When there is profound myocardial injury, the aug-
mentation of systemic blood pressure by IABP coun-
terpulsation may not be adequate because IABP 
augments cardiac output only by 8% to 10%. A VAD 
may be used for patients with cardiac failure that 
is refractory to IABP counterpulsation, pharmaco-
logical therapies, and revascularization procedures. 
These devices, which may be placed internally or 
externally, support circulation until the heart recov-
ers or a donor heart is obtained for transplantation. 
Restoration of adequate blood fl ow and preservation 
of end-organ function are the fundamental goals of 
short- or long-term VAD use. Complications associ-
ated with VAD use are summarized in Box 13-10.

may be an indication that the catheter has slipped 
down the aorta and is obstructing the renal arter-
ies. Although the incidence of injury secondary to 
balloon rupture or entrapment (ie, formation of 
a blood clot in the balloon) is low, the nurse also 
monitors for these complications (Table 13-5).

• Impaired circulation. The presence of the bal-
loon catheter in the femoral or iliac artery predis-
poses the patient to impaired circulation of the 
involved extremity and development of compart-
ment syndrome. The nurse documents the quality 
of peripheral pulses and neurological status before 
IABP insertion. Following insertion, the nurse 
assesses and documents the quality of pulses, skin 
perfusion, and neurological status per protocol, 
and notifi es the physician of any changes.

RED FLAG! Avoid hip fl exion, which may 
obstruct fl ow to the affected extremity, by keeping 
the cannulated leg straight and the head of the bed 
at an angle less than 30 degrees.

• Bleeding. Continuous anticoagulation with a hep-
arin infusion is required during IABP therapy to 
prevent thrombus formation around the catheter. 
Bleeding related to use of continuous anticoagu-
lation or the development of coagulopathies com-
monly occurs at the insertion site of the balloon 
catheter. The nurse maintains anticoagulation 
therapy as ordered and monitors for bleeding.

• Infection. Patients are at increased risk for infec-
tion secondary to surgery, the presence of inva-
sive devices, and compromised pulmonary or 
nutritional status. Early recognition of signs and 
symptoms of infection and early intervention can 
prevent the development of sepsis.

Weaning
Weaning patients from balloon assistance usu-
ally can begin 24 to 72 hours after insertion; some 
patients require longer periods of support because 
of hemodynamic instability. Indications for weaning 
from IABP therapy are given in Box 13-9. Weaning 
is commonly achieved by decreasing the assist ratio 
from 1:1 to 1:2 and so on until the minimal assist 

B O X  1 3 - 9   Indications for Weaning From 
Intraaortic Balloon Pump (IABP) 
Therapy

Hemodynamic stability
Cardiac index greater than 2 L/min/m2

Pulmonary artery occlusion pressure (PAOP) less 
than 20 mm Hg

Systolic blood pressure greater than 100 mm Hg
Minimal requirements for vasopressor support
Evidence of adequate cardiac function

Good peripheral pulses
Adequate urine output
Absence of pulmonary edema
Improved mentation

Evidence of good coronary perfusion
Absence of ventricular ectopy
Absence of ischemia on the ECG
Severe vascular insuffi ciency

Deteriorating, irreversible condition

TA B L E  1 3 - 5 Injuries Secondary to Balloons

Injury Assessment Findings Intervention

Balloon entrapment Balloon pressure waveform indicates leaks
Small amounts of blood in tubing or fl ecks of 

dried blood in tubing

Surgical removal is usually indicated

Balloon rupture Presence of bright red blood or fl ecks of dried 
blood in the catheter or gas delivery line

Gas alarm sounds
Decreased augmentation
Signs of embolic event
Entrapment (may be the fi rst indication)

Immediate removal of the catheter by 
the appropriate personnel

Before removal:
 Turn pump off
 Clamp the line
 Place the patient on left side in 

Trendelenburg position
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The VAD relieves the workload of one or both 
ventricles by acting as the primary pump support-
ing systemic circulation, pulmonary circulation, or 
both. Left ventricular support usually requires can-
nulation of the left ventricle with a conduit that leads 
to the device. The ascending aorta, which receives 
the output from the device, is also cannulated with 
a conduit. Circulation in the patient supported by 
a left VAD is similar to the normal circulatory pro-
cess. Blood passes from the left atrium through the 
left ventricle and into the device, which then ejects 
blood into the ascending aorta during pump systole.

In biventricular support, one pump supports right 
heart circulation while the other supports left heart 
circulation (Fig. 13-5). The addition of right ven-
tricular assistance requires cannulation of the right 
atrium (for infl ow to the device) and the  pulmonary 
artery (for outfl ow from the device).

B O X  1 3 - 1 0   Complications Associated With 
Ventricular Assist Devices (VADs)

• Bleeding
• Cardiac tamponade
• Embolic events
• Right ventricular failure (when a left VAD is in use)
• Infection
• Dysrhythmias

C A S E  S T U D Y

Mr. M. is a 63-year-old man who has 
had CABG surgery with three grafts: an inter-
nal  mammary artery graft to the left anterior 
descending coronary artery and a saphenous 
vein graft to the right coronary artery and diago-
nal artery. Prior to surgery, Mr. M. had moder-
ate left ventricular dysfunction (ejection fraction 
35%). His past medical history is signifi cant for 
poorly controlled diabetes mellitus, treatment 
for tuberculosis 20 years ago, and renal insuf-
fi ciency. After 8 hours in surgery (during which 
cardiopulmonary bypass was used), Mr. M. has 
been transferred to the critical care unit from 
the operating room. He is receiving dobutamine 
(5 μg/kg/min) to improve cardiac performance. 
On postoperative day 2, he is still intubated, on 
dobutamine at 7 μg/kg/min, with a cardiac index 
of 2.0 L/min/m2 and a PAOP of 22 mm Hg. His 
urine output is marginal at 25 mL/h (preoperative 
weight is 80 kg). Attempts at weaning Mr. M. from 
the dobutamine have failed.

1. What is occurring in this situation?

2. What are immediate nursing interventions?

3. What interventions would be the most important 
to make the physician aware of?

BVS drive console

Left heart
 pump

Right heart
 pump

Heart

F I G U R E  1 3 - 5  A biventricular support system.

Morton_Chap13.indd   177Morton_Chap13.indd   177 2/4/2012   3:11:14 PM2/4/2012   3:11:14 PM



178 P A R T  T H R E E Cardiovascular System

 7. Serruys P, et al.: Percutaneous coronary intervention ver-
sus coronary artery bypass graft for severe coronary artery 
 disease. NEJM 360:961–972, 2009

 8. Katzberg R: Cotrast-induced nephropathy. Appl Radiol 
39:9, 2010

 9. Mahta SR, Yusuf S, Peters RJ, et al.: Effects of pretreatment 
with clopidogrel and aspirin followed by long term therapy 
in patients undergoing percutaneous coronary intervention: 
The PCI-CURE Study. Lancet 358:527–533, 2001

R e f e r e n c e s
 1. Lewis BE, Hursting MJ: Direct thrombin inhibitor during 

percutaneous coronary intervention in patients with heparin 
induced thrombocytopenia. Expert Rev Cardiovasc Ther 
5(1):57–68, 2007

 2. Eagle K, Guyton R, Davidoff R, et al.: ACC/AHA 2004 guide-
line update for coronary bypass graft surgery. J Am Coll 
Cardiol 110:e340–431, 2004

 3. Goldman S, et al.: Radial artery grafts versus saphenous vein 
grafts in coronary artery bypass graft. JAMA 305 (2):167–174, 
2011

 4. ACC/AHA 2011 update to the 2004 guideline for coronary 
artery bypass graft surgery

 5. Selnes O: Etiology of cognitive change after coronary artery 
bypass graft surgery: More than just a pump? Nat Clin Pract 
Cardiovasc Med 5:314–315, 2008

 6. Lazar H, et al.: The Society of Thoracic Surgeons Practice 
Guidelines Series: Blood glucose measurement during adult 
cardiac surgery. Ann Thorac Surg 87:663–669, 2009

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!

Morton_Chap13.indd   178Morton_Chap13.indd   178 2/4/2012   3:11:15 PM2/4/2012   3:11:15 PM

http://thepoint.lww.com/MortonEss1e


179

C H A P T E R
Common Cardiovascular 
Disorders

Acute Coronary Syndromes
Acute coronary syndromes include acute myocardial 
infarction and unstable angina pectoris (ie, chest 
pain or discomfort that usually occurs while at rest). 
The most common cause of the reduced oxygen sup-
ply that precipitates acute coronary syndromes is 
coronary artery disease (CAD; Box 14-1).

The Older Patient. CAD is more common and 
more severe in older patients, and they may 
have numerous comorbidities (eg, diminished 
b-sympathetic response, decreased arterial 
compliance and arterial hypertension leading to 
increased cardiac afterload, cardiac hypertrophy, 
ventricular diastolic dysfunction) that complicate 
management and prognosis.

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the pathophysiology, assessment, and management of acute 
coronary syndromes in the critically ill patient.

2 Describe the pathophysiology, assessment, and management of heart failure 
in the critically ill patient.

3 Describe the assessment and management of hypertensive crisis.
4 Describe the assessment and management of aortic aneurysm and aortic 

dissection.
5 Describe the assessment and management of cardiomyopathy in the critically 

ill patient.
6 Describe the pathophysiology, assessment, and management of valvular disease.
7 Describe the pathophysiology, assessment, and management of infectious and 

infl ammatory cardiac disorders.

A 12-lead electrocardiogram (ECG) can be used 
to detect patterns of myocardial ischemia, injury, 
and infarction. When the heart muscle becomes 
ischemic, injured, or infarcted, depolarization and 
repolarization of the cardiac cells are altered, caus-
ing changes in the QRS complex, ST segment, and 
T wave in the ECG leads overlying the affected area 
of the heart:

• Ischemia. The ECG may show T-wave inversions 
and ST-segment depressions of 1 to 2 mm or more 
for a duration of 0.08 second in the ECG leads 
associated with the anatomical region of myo-
cardial ischemia (Fig. 14-1). The inverted T-wave 
representative of ischemia is symmetrical, rela-
tively narrow, and somewhat pointed. Ischemia 
is also suspected when a fl at or depressed ST seg-
ment makes a sharp angle when joining an upright 

14
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180 P A R T  T H R E E Cardiovascular System

(STEMI). The pattern on the ECG indicative of 
STEMI is seen in stages in the leads overlying the 
infarcted area (Fig. 14-3).

• Infarction. Patients with infarction may or may 
not have ST-segment elevation on the ECG. In 
most patients with STEMI or NSTEMI, a Q wave 
ultimately develops on the ECG. The term Q-wave 
myocardial infarction (QMI) is used to describe 
this type of infarction. In a much smaller number 
of patients who present with STEMI, a Q wave does 
not develop. The term non–Q-wave myocardial 
infarction (NQMI) is used to classify these patients.

T wave rather than merging smoothly and imper-
ceptibly with the T wave.

• Injury. The hallmark of acute myocardial injury 
is the presence of ST-segment elevations greater 
than 1 mm in the leads facing the injured area. 
The elevated ST segments have a downward con-
cave (coved) shape and merge unnoticed with the 
T wave (Fig. 14-2). Patients without ST-segment 
elevation either have unstable angina or non–
ST-segment elevation myocardial infarction 
(NSTEMI). Patients with ST-segment elevation 
have ST-segment elevation myocardial infarction 

B O X  1 4 - 1   Pathophysiology of Coronary Artery Disease (CAD)

Adventitia

Media

Intima

Lumen

Stable angina

Plaque disruption
and platelet aggregation

Unstable angina Non–ST–segment
elevation MI

ST–segment
elevation MI

Asymptomatic
atherosclerotic
plaque

Stable fixed
atherosclerotic
plaque

Unstable
plaque

Thrombus

Acute coronary syndromes

Although the atherosclerotic process is not completely 
understood, evidence suggests that it begins when the 
endothelium is damaged by elevated levels of choles-
terol and triglycerides in the blood, hypertension, or 
cigarette smoking. Gradually, as fatty substances, cho-
lesterol, cellular waste products, calcium, and fi brin 
pass through the vessel, they are deposited in the inner 
lining of an artery. Deposition of these materials leads 
to the formation of an atheroma (ie, a lipid plaque 
with a fi brous covering), and blood fl ow in the artery 
becomes partially or completely blocked. White blood 
cells, smooth muscle cells, and platelets aggregate at 
the site of the atheroma, promoting the formation of a 
collagen and elastic fi ber matrix and causing the endo-
thelium to become much thicker. The infl ammatory 
process is meant to be protective, but in atherosclerosis, 

the process has been found to be destructive. The ather-
oma continues to develop, and a fi brous cap forms over 
the lipid core. As the cap matures, infl ammatory sub-
stances weaken the cap and cause it to rupture. Once 
the cap is ruptured, the coagulation cascade is initiated, 
and a clot (thrombus) is formed, obstructing blood fl ow 
in the vessel.

Symptoms often do not occur until 70% or more 
of the blood supply to the area is occluded. When 
an artery becomes about 70% occluded and oxygen 
demand exceeds oxygen supply, myocardial ischemia 
may result. If the ischemic state is not corrected, injury 
to the myocardium may occur. Eventually, if adequate 
blood fl ow to the myocardium is not restored, myo-
cardial infarction may result. Ischemia and injury are 
reversible processes; infarction is not.
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There are different types of angina:

• Stable angina (chronic stable angina, classic 
angina, exertional angina) is paroxysmal sub-
sternal pain that is usually predictable. The pain 
occurs with physical exertion or emotional stress 
and is relieved by rest or nitroglycerin.

• Unstable angina (preinfarction angina, crescendo 
angina) is cardiac chest pain that usually occurs while 
at rest. The pain of unstable angina is usually more 
prolonged and severe than that of stable angina.

Unstable Angina Pectoris
Angina pectoris is caused by transient, reversible 
myocardial ischemia precipitated by an imbalance 
between myocardial oxygen demand and myocardial 
oxygen supply. The most common cause of reduced 
oxygen supply is CAD. A nonocclusive thrombus 
develops on a disrupted atheroma, resulting in 
reduced myocardial perfusion. Other, less common, 
causes of angina include intense focal spasm of a 
coronary artery, arterial infl ammation, or a marked 
increase in oxygen demand (eg, as a result of fever, 
tachycardia, or thyrotoxicosis).

Peaked T wave

T-wave
inversion

ST segment
elevation

Q wave

A B C D

F I G U R E  1 4 - 3  12-Lead electrocardiogram (ECG) patterns consistent with ST-segment elevation myocardial 
infarction (STEMI). A: During the earliest stage of infarction (the hyperacute phase), the T waves become tall 
and peaked. B: Within a few hours, the hyperacute T waves invert. C: Next, the ST segments elevate, a pat-
tern that usually lasts from several hours to several days. Reciprocal ST-segment changes (ie, ST-segment 
depression in the leads facing away from the injured area) may be seen. D: Q waves indicative of infarction 
usually develop within several hours of the onset of the infarction, but in some patients, they may not appear 
until 24 to 48 hours after the infarction. Q waves consistent with myocardial infarction are usually 0.04 sec-
ond or more in width or one-fourth to one-third the height of the R wave in depth.

ST-segment
ST-segment

T-wave

T-wave

A. Without T-wave
     inversion

B. With T-wave inversion

F I G U R E  1 4 - 2  12-Lead electrocardiogram (ECG) patterns consistent 
with acute myocardial injury. The elevated ST segments have a 
downward concave (coved) shape and merge unnoticed with the 
T wave. A: ST-segment elevation without T-wave inversion. 
B: ST-segment elevation with T-wave inversion.

Upright
T-wave

Sharp angleT-wave inversion

A. T-wave inversion B. ST-segment depression

F I G U R E  1 4 - 1  12-Lead electrocardiogram (ECG) patterns consis-
tent with myocardial ischemia. A: T-wave inversion. B: ST-segment 
depression. Note how the ST segment forms a sharp angle when 
joining an upright T wave, rather than merging smoothly with it.

Morton_Chap14.indd   181Morton_Chap14.indd   181 2/4/2012   3:11:37 PM2/4/2012   3:11:37 PM
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A 12-lead ECG is a standard diagnostic test for 
patients with angina. The newly obtained ECG 
is compared with previous ECGs. In addition to 
T-wave inversion or ST-segment elevation, ectopic 
beats may also be present during an anginal episode. 
Between anginal episodes, the ECG may appear 
 normal. Transient ST-segment changes (greater than 
or equal to 0.05 mV) that occur during a symptom-
atic episode while at rest and that resolve when the 
patient is asymptomatic are highly suggestive of 
severe CAD.1 Other diagnostic studies used in the 
assessment of angina pectoris include biochemical 
cardiac markers, exercise stress testing, cardiac 
imaging studies, and coronary angiography.

Management
The goal of therapy for the patient with angina pec-
toris is to restore the balance between oxygen sup-
ply and oxygen demand. The patient is placed on 
bedrest until stabilized to minimize oxygen demand, 
and supplemental oxygen may be given to increase 
oxygen supply. The nurse assesses the patient’s vital 
signs and mental status frequently and uses pulse 
oximetry and arterial blood gases (ABGs) to evaluate 
oxygenation status. The patient is placed on a cardiac 
monitor for ischemia and dysrhythmia detection.

Pharmacotherapy
Nitroglycerin is a mainstay of therapy and is used 
sublingually or as a spray for acute anginal attacks. 
If three sublingual tablets (0.4 mg) or three sprays 
taken 5 minutes apart do not relieve the pain of 

• Variant angina (Prinzmetal’s angina, vasospastic 
angina) is a form of unstable angina caused by 
coronary artery spasm. The pain usually occurs at 
rest, most often between midnight and 8:00 AM.

Assessment
The nurse uses the NOPQRST framework to gain 
more detail about the patient’s chest pain (Box 14-2). 
Based on the information obtained, the angina may be 
classifi ed as one of three principal presentations: rest 
angina, new-onset severe angina (onset within the past 
2 months), or increasing angina (in intensity, duration, 
or frequency). Physical examination helps determine 
the cause of the angina, detect comorbid conditions, 
and assess any hemodynamic consequences of the 
angina. If the physical examination is performed dur-
ing an anginal episode, tachycardia, a fourth heart 
sound (S4), and pulsus alternans may be noted, and 
the patient may be hypertensive. Patients with diabe-
tes mellitus may present with a “silent” myocardial 
infarction. Women may have an atypical presentation 
(eg, shortness of breath, GI disturbances).

The Older Patient. Older patients are more likely 
to present with atypical angina symptoms (eg, 
dyspnea, confusion, weakness, fainting) rather 
than with typical substernal chest pain, pressure, 
squeezing, fullness, or heaviness. Also, because 
of differences in the amount and distribution of 
subcutaneous fat, an older patient may develop 
anginal symptoms more quickly when exposed to 
cold.

B O X  1 4 - 2   The NOPQRST Characteristics of Chest Pain Due to Myocardial Ischemia

N—Normal
• The patient’s baseline before the onset of the pain

O—Onset
• The time when the pain/discomfort started

P—Precipitating and Palliative Factors

Precipitating
• Exercise
• Exercise after a large meal
• Exertion
• Walking on a cold or windy day
• Cold weather
• Stress or anxiety
• Anger
• Fear

Palliative
• Rest/termination of activity
• Sublingual nitroglycerin

Q—Quality
• Heaviness
• Tightness
• Squeezing
• Choking

• Suffocating
• Viselike

If the patient reports the pain as superfi cial, knifelike, 
or throbbing, it is not likely to be anginal.

R—Region and Radiation
• Substernal with radiation to the back, left arm, neck, 

or jaw
• Upper chest
• Epigastric
• Left shoulder
• Intrascapular

When the patient is asked to point to the painful area, 
the painful area is typically identifi ed by the hand or 
clenched fi st. It is unusual for true anginal pain to be 
localized to an area smaller than a fi ngertip.

S—Severity
• Pain often rated as 5 or above (on a scale of 0 to 10, 

with 10 being the worst pain ever experienced).

T—Time
• Pain lasts from 30 seconds to 30 minutes.
• Pain can last longer than 30 minutes for unstable 

angina or myocardial infarction.
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an infarction that produces necrosis that extends 
through all the layers of the myocardium. If the area 
of the transmural infarction is small, the damaged 
myocardium may become dyskinetic (ie, unable to 
contract in a coordinated fashion). If the area of 
infarction is more extensive, the damaged myocar-
dium may become akinetic (ie, unable to contract 
at all). As a result, cardiac output is compromised.

Most myocardial infarctions affect the left ventri-
cle, although infarctions can also occur in the right 
ventricle or in both ventricles (Box 14-3). The larger 
the area of infarction, the greater the impact on ven-
tricular function. Several factors determine the size 
of the infarction, including

• The extent, severity, and duration of the ischemic 
episode

• The metabolic demands of the myocardium at the 
time of the event

• The size of the occluded vessel
• The amount of collateral circulation (ie, smaller 

arteries that under normal conditions carry very 
little of the blood fl ow but, in the presence of an 
occlusion, enlarge and dilate over time, creating 
an alternate route for blood fl ow)

• Vascular tone
• The status of the intrinsic fi brinolytic system

Several complications can develop following an 
acute myocardial infarction (Box 14-4). Some of 
the most life-threatening include cardiogenic shock, 
ventricular septal rupture, left ventricular free wall 
rupture, thromboembolism, and dysrhythmias.

• Cardiogenic shock (discussed in Chapter 33) 
occurs when loss of contractile forces results in left 
ventricular dysfunction. Clinical manifestations of 
cardiogenic shock include a rapid, thready pulse; 
a narrow pulse pressure; dyspnea; tachypnea; 
inspiratory crackles; distended neck veins; chest 
pain; cool, moist skin; oliguria; and decreased 
mentation. ABGs reveal a decreased arterial oxy-
gen tension (PaO2) and respiratory alkalosis. 
Hemodynamic fi ndings include a systolic blood 
pressure less than 85 mm Hg, a mean arterial pres-
sure (MAP) less than 65 mm Hg, a cardiac index 
less than 2.2 L/min/m2, and a pulmonary artery 
occlusive pressure (PAOP) greater than 18 mm Hg. 
Cardiac enzymes may show an additional rise or a 
delay in reaching peak values.

• Ventricular septal rupture occurs in about 1% of 
patients with myocardial infarction and accounts 
for approximately 11% of all in-hospital deaths.2,3 
The greatest risk for ventricular septal rupture 
is within the fi rst 24 hours and continues for up 
to 5 days. The patient presents with a new, loud, 
holosystolic murmur associated with a thrill felt 
in the parasternal area. In addition, the patient 
has progressive dyspnea, tachycardia, and pulmo-
nary congestion. Oxygen samples taken from the 
right atrium, right ventricle, and pulmonary artery 
catheter (distal lumen) show a higher PaO2 in the 
right ventricle than in the right atrium because the 

angina, an IV nitroglycerin drip is initiated at 
5 to 20 μg/min. The dosage is increased every 5 to 
15 minutes, up to 200 μg/min, until a blood pres-
sure response is noted or signs and symptoms are 
relieved. Once a patient has been pain free and has 
no other indications of ischemia for 12 to 24 hours, 
the IV nitroglycerin is discontinued and replaced 
with oral or topical nitrates.

Morphine sulfate is indicated for patients whose 
symptoms are not relieved after three serial sublingual 
nitroglycerin tablets or whose symptoms recur with 
adequate anti-ischemic therapy. A dose of 1 to 5 mg IV 
is recommended to relieve symptoms and maintain 
comfort. The nurse carefully monitors the patient’s 
respiratory rate and blood pressure, especially if the 
patient continues to receive IV nitroglycerin.

β-Adrenergic blockers are started orally within 
the fi rst 24 hours for patients with unstable angina.1 
These agents decrease myocardial oxygen con-
sumption (by reducing myocardial contractility) 
and increase blood fl ow to the coronary arteries 
(by slowing the heart rate and prolonging diastolic 
fi lling). Calcium channel blockers, which also 
decrease myocardial oxygen demand, may be used 
for patients with ischemia-related symptoms that do 
not respond to nitrates and β-adrenergic blockers.1

The combination of aspirin, an anticoagulant, 
and an additional antiplatelet drug (ie, clopidogrel 
or ticlopidine) is recommended for patients with 
unstable angina. Aspirin is administered as soon 
as the diagnosis of unstable angina is made or sus-
pected, unless contraindicated.1

Invasive Therapy
Patients with unstable angina may require percu-
taneous transluminal coronary angioplasty (PTCA) 
and stent placement or coronary artery bypass graft-
ing (CABG). Intraaortic balloon pump (IABP) sup-
port may be used in critically ill patients to provide 
increased coronary artery perfusion and to decrease 
afterload.

Myocardial Infarction
Pathophysiology
Prolonged ischemia due to an imbalance between 
oxygen supply and oxygen demand causes irrevers-
ible cell damage and muscle death. Although multiple 
factors can contribute to the imbalance between 
oxygen supply and oxygen demand, coronary artery 
thrombosis characterizes most infarctions. Plaque 
rupture is believed to trigger the development of the 
thrombus in most patients with myocardial infarc-
tion (see Box 14-1, p. 180).

Irreversible damage to the myocardium can 
begin as early as 20 to 40 minutes after interrup-
tion of blood fl ow. However, the dynamic process of 
infarction may not be completed for several hours. 
Necrosis of tissue appears to occur sequentially 
(ie, cellular death fi rst occurs in the subendocar-
dial layer and then spreads throughout the thick-
ness of the heart wall). Transmural infarction is 
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of in-hospital deaths.2 Left ventricular free wall 
rupture is more likely to occur either within the 
fi rst 24 hours after myocardial infarction or 3 to 
5 days after myocardial infarction. Clinical fi nd-
ings include prolonged chest pain, dyspnea, sud-
den hypotension, jugular venous distention, 
tamponade, and pulseless electrical activity. Left 
ventricular free wall rupture occurs so suddenly 
and with such severity that lifesaving efforts are 
often futile.

oxygenated left ventricular blood is shunted to the 
right ventricle. Urgent cardiac catheterization and 
surgical correction are needed. The patient is sup-
ported with fl uid administration, inotropic agents 
(dopamine and dobutamine), afterload reduction 
(nitroprusside), and IABP counterpulsation until 
emergency surgery is possible.

• Left ventricular free wall rupture occurs in 
about 1% to 2% of patients with myocardial 
infarction and accounts for approximately 10% 

B O X  1 4 - 3   Infarction Location

Aortic valve

Superior
vena
cava

Right
atrium 

Right
ventricle

Left
ventricle

Right
ventricle

Left
atrium

Right
atrium

Left
pulmonary
veins

Superior
vena
cava

Inferior
vena
cava

Left circumflex
branch

Posterior descending
branch of right
coronary artery

Coronary
sinus

Aortic
arch

Right
pulmonary
veins

Left circumflex
artery

Left anterior
descending
artery

Right
coronary
artery

Affected Area of 
Heart

Occluded 
Coronary Artery

Structures 
Supplied Potential Consequences

Anterior left ven-
tricle, interven-
tricular septum 
(anteroseptal)

Left anterior descend-
ing artery

Anterior wall of left 
ventricle, interven-
tricular septum, 
ventricular con-
ducting tissue

• Heart failure, pulmonary edema, 
cardiogenic shock, and death (due to 
impaired left ventricular function)

• Intraventricular conduction distur-
bances (eg, bundle branch blocks, fas-
cicular blocks)

Lateral and posterior 
left ventricle

Left circumfl ex artery Lateral and posterior 
walls of the left 
ventricle, sinoatrial 
(SA) node (50% of 
patients), atrioven-
tricular (AV) node 
(10% of patients)

• Impaired left ventricular function 
(although less than with anteroseptal 
infarctions)

• Dysrhythmias associated with dysfunc-
tion of the SA or AV nodes (eg, sinus 
arrest, wandering atrial pacemaker, 
sinus pause, junction rhythm)

Inferior left ventricle, 
right ventricle

Right coronary artery Inferior wall of the 
left ventricle, right 
ventricle, SA node 
(50% of patients), 
AV node (90% of 
patients)

• Dysrhythmias associated with dysfunc-
tion of the SA and AV nodes (eg, brady-
cardia, heart blocks)

• Concomitant inferior ventricular wall 
and right ventricular infarction

• Signifi cant hemodynamic compromise 
(due to biventricular dysfunction)
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Assessment
History and Physical Examination 
The most common presenting complaint of a patient 
with myocardial infarction is chest discomfort or 
pain. Unlike the pain of angina, the pain of myo-
cardial infarction is often more prolonged and unre-
lieved by rest or sublingual nitroglycerin. Additional 
symptoms include diaphoresis, dyspnea, weakness, 
fatigue, anxiety, restlessness, confusion, shortness 
of breath, or a sense of impending death. Some 
patients (especially those with inferior wall infarc-
tion) experience nausea and vomiting (believed 
to be related to the severity of the pain and vagal 
stimulation).

On physical examination, the patient may be 
restless, agitated, and in distress. The skin is cool 
and moist. Vital signs may show a low-grade fever, 
hypertension, and tachycardia from increased 
sympathetic tone or hypotension and bradycar-
dia from increased vagal tone. The pulse may be 
irregular and faint. Auscultation of the heart may 
reveal a diminished S1 due to decreased contractil-
ity, an S4 (due to decreased left ventricular compli-
ance), or an S3 (due to ventricular dysfunction and 
heart failure). Transient systolic murmurs may be 
heard because of papillary muscle dysfunction. 
After about 48 to 72 hours, many patients develop 
a pericardial friction rub. Additional fi ndings on 
physical examination, such as jugular venous dis-
tention; labored, rapid breathing; or fi ne crackles, 
coarse crackles, or rhonchi on auscultation of the 
lungs may indicate the development of complica-
tions such as heart failure or pulmonary edema. 
Patients with right ventricular infarcts may pres-
ent with jugular venous distention as well as 
peripheral edema and elevated central venous 
pressure (CVP).

• Thromboembolism occurs in about 5% to 10% 
of patients with myocardial infarction. Patients 
are often predisposed to deep venous thrombo-
sis (DVT) because of the systemic infl ammatory 
response associated with infarction, immobil-
ity, venous stasis, and reduced cardiac output. 
Pulmonary embolism develops in about 10% 
to 15% of patients with DVT. After myocardial 
infarction, patients are also at risk for systemic 
emboli that usually originate in the wall of the 
left ventricle. These emboli can occlude the cere-
bral, renal, mesenteric, or iliofemoral artery. 
Patients are systemically anticoagulated with 
unfractionated heparin or low-molecular-weight 
heparin (LMWH), followed by warfarin for 6 to 
12 months.

• Dysrhythmias often accompany acute infarc-
tions. Because ischemic myocardium has a 
lower fi brillatory threshold, few ventricular 
dysrhythmias are considered benign after an 
infarct. Supraventricular dysrhythmias (eg, 
atrial fi brillation, atrial fl utter) may be the result 
of high left atrial pressures caused by left ven-
tricular failure. Conduction defects may also 
occur. Prophylactic antidysrhythmics during 
the fi rst 24 hours of hospitalization are not rec-
ommended. However, easy access to atropine, 
lidocaine, amiodarone, transcutaneous pacing 
patches, transvenous pacing wires, a defi brilla-
tor, and epinephrine is essential. Cardioversion 
may be used to treat patients with new onset 
atrial fi brillation. Transcutaneous pacing may 
be indicated in an emergent situation for heart 
block dysrhythmias until a transvenous tempo-
rary pacemaker or permanent pacemaker can be 
placed. Some patients with ventricular dysrhyth-
mias may require an implantable cardioverter–
defi brillator (ICD).

B O X  1 4 - 4   Complications of Acute Myocardial Infarction

Vascular Complications
• Recurrent ischemia
• Recurrent infarction

Myocardial Complications
• Diastolic dysfunction
• Systolic dysfunction
• Heart failure
• Cardiogenic shock/hypotension
• Right ventricular infarction
• Ventricular cavity dilation
• Aneurysm formation (true, false)

Mechanical Complications
• Left ventricular free wall rupture
• Ventricular septal rupture
• Papillary muscle rupture with acute mitral 

regurgitation

Pericardial Complications
• Pericarditis
• Dressler’s syndrome
• Pericardial effusion

Thromboembolic Complications
• Mural thrombosis
• Systemic thromboembolism
• Deep venous thrombosis (DVT)
• Pulmonary embolism

Electrical Complications
• Ventricular tachycardia
• Ventricular fi brillation
• Supraventricular tachydysrhythmias
• Bradydysrhythmias
• Atrioventricular (AV) block (fi rst, second, or third 

degree)

From Becker RC: Complicated myocardial infarction. Crit Pathways Cardiol 2(2):125–152, 2003.
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abnormalities, the leads anatomically opposite the 
posterior wall (ie, V1 and V2) are examined and the 
principle of reciprocal change is used. If tall R waves 
with ST-segment depressions are noted in V1 and V2, 
the pattern is consistent with a posterior wall infarc-
tion. Electrocardiographic fi ndings for patients with 
various types of myocardial infarctions are summa-
rized in Table 14-1.

Laboratory Tests
When myocardial cells are damaged by an infarc-
tion, biochemical markers are released into the 
bloodstream and can be detected by laboratory tests 
(Fig. 14-4):

• Within 1 to 4 hours of infarction, myoglobin appears 
in the serum; the peak occurs at 6 to 7 hours.

• Within 4 to 6 hours, the MB isoform of creati-
nine kinase (CK-MB) begins to appear in serum, 
and it peaks after approximately 18 to 24 hours. 
However, the appearance and peak of CK-MB may 
occur signifi cantly earlier in patients who have a 
non–Q-wave infarction or who have undergone 
successful reperfusion therapy (eg, angioplasty 
or thrombolysis). Because elevated CK-MB values 
return to baseline 36 to 40 hours after infarction in 
patients who do not have ongoing necrosis, resam-
pling can be used to detect reinfarction.

Electrocardiography
Myocardial infarction is characterized by changes 
in the T wave, the ST segment, and the Q wave that 
evolve over time (see Fig. 14-3). Within a few days 
after the infarction, the elevated ST segments return 
to baseline. Persistent elevation of the ST segment 
may indicate the presence of a ventricular aneurysm. 
The T waves may remain inverted for several weeks, 
indicating areas of ischemia near the infarct region. 
Eventually, the T waves should return to their upright 
confi guration. The Q waves do not disappear and there-
fore always provide electrocardiographic evidence of a 
previous infarction. Abnormal Q waves accompanied 
by ST-segment elevations indicate an acute infarction, 
whereas abnormal Q waves accompanied by a normal 
ST segment indicate a previous infarction.

A routine 12-lead ECG does not provide an ade-
quate view of the right ventricle or of the posterior 
wall of the left ventricle; therefore, additional leads 
are needed to view these areas. To attain an accurate 
view of the right ventricle, right-sided chest leads 
are recorded by placing the six chest electrodes on 
the right side of the chest using landmarks analo-
gous to those used on the left side. These six right-
sided views are examined for patterns of ischemia, 
injury, and infarction in the same way left-sided 
chest leads are evaluated. To detect posterior wall 

TA B L E  1 4 - 1 Electrocardiographic (ECG) Findings in Different Types of Myocardial Infarctions

Anatomical Location ECG Evidence

Anteroseptal wall V1 through V4: Q waves and ST-segment elevations
Lateral wall I, aVL, V5, and V6: Q waves and ST-segment elevations
Posterior wall V1 and V2: tall upright R waves with ST-segment depression

V7 through V9: Q waves and ST-segment elevation
Inferior wall II, III, aVF: Q waves and ST-segment elevation
Right ventricular wall RV1 through RV6 (right precordial chest leads): Q waves and ST-segment elevations.
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F I G U R E  1 4 - 4  Peak elevation and duration of serum enzymes after acute myocardial infarction.
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• Computed tomography (CT) and CT angiography, 
to obtain information about the circulation of 
blood in the heart and coronary arteries

• Coronary angiography, to help the physician deter-
mine whether PTCA or stent placement is indi-
cated, or if the patient is a candidate for CABG

• Stress testing, to assess the patient’s functional 
capacity and ability to perform activities of daily 
living (ADLs), to evaluate the effi cacy of the 
patient’s medical therapy, and to risk-stratify the 
patient based on the likelihood of a subsequent 
cardiac event

Management
Early Management
Early management entails confi rming the diagnosis 
of myocardial infarction and initiating reperfusion 
therapy. Diagnosis and initial management must be 
rapid because the benefi t of reperfusion therapy is 
greatest if therapy is initiated quickly. The initial 
diagnosis of myocardial infarction is based primar-
ily on the patient’s symptoms, the 12 lead ECG, and 
the serial cardiac enzymes. If the initial screening 
suggests infarction, the interventions listed in Table 
14-2 are initiated. The nurse also checks the vital 
signs frequently, establishes IV access, and continu-
ously assesses the patient’s cardiac rhythm. Blood 

• Within 4 to 6 hours, an increase in troponin levels 
is detected, with levels generally peaking 24 hours 
after the onset of symptoms. As with CK-MB, 
serial testing is required and reperfusion strate-
gies change the timing of the peak troponin value. 
Troponins remain elevated for up to 10 days after 
the cardiac event, facilitating diagnosis of patients 
who delay seeking treatment.

Diagnostic Studies
A chest radiograph and echocardiogram, obtained 
as soon as possible, are useful in ruling out an aor-
tic dissection and acute pericarditis and detecting 
structural abnormalities (eg, valve defects). Other 
diagnostic studies that may be ordered during the 
course of the patient’s hospitalization or shortly 
after discharge may include

• Radionuclide studies, to provide information about 
the presence of CAD as well as the location and 
quantity of ischemic and infracted myocardium

• Magnetic resonance imaging (MRI), to reveal 
structural and functional abnormalities of the 
heart and aorta

• Coronary magnetic resonance angiography 
(MRA), which uses the principles of MRI in com-
bination with a contrast medium to create images 
of vessel walls and plaques

TA B L E  1 4 - 2 Initial Management of the Patient With a Suspected Myocardial Infarction

Action Rationale

Administer aspirin, 160–325 mg chewed. Platelets are one of the main components in thrombus 
formation when a coronary plaque is disrupted, and 
aspirin diminishes platelet aggregation.

After recording the initial 12-lead ECG, place the patient on 
a cardiac monitor and obtain serial ECGs.

The 12-lead ECG is central in the decision pathway for 
the diagnosis and treatment of the patient. Continuous 
cardiac monitoring is used to detect dysrhythmias and to 
monitor ST-segment changes.

Give oxygen by nasal cannula and apply a pulse oximeter. 
If severe pulmonary edema is present and the patient is 
in respiratory distress, intubation may be necessary.

Pulmonary edema often causes hypoxemia in patients with 
myocardial infarction.

Administer sublingual nitroglycerin (unless the systolic 
blood pressure is less than 90 mm Hg or the heart rate 
is less than 50 or greater than 100 beats/min). Give 
0.4 mg every 5 min for a total of three doses. 
IV nitroglycerin is recommended for patients with acute 
myocardial infarction with persistent pain, for control 
of hypertension, or for management of pulmonary 
congestion.

Sublingual nitroglycerin helps to promote vasodilation 
(but is relatively ineffective in relieving pain in the early 
stages of a myocardial infarction).

Provide adequate analgesia with morphine sulfate (2–4 mg 
IV; doses can be repeated every 5 min until the pain is 
relieved).

Morphine is the drug of choice to relieve the pain of a 
myocardial infarction.

Administer β-adrenergic blocker. During the fi rst few hours after the onset of ST-segment 
elevation myocardial infarction (STEMI), β-adrenergic 
blockers may diminish myocardial oxygen demand by 
reducing heart rate, systemic arterial pressure, and 
myocardial contractility.

From Antman EM, Anbe DT, Armstrong PW, et al.: ACC/AHA guidelines for the management of patients 
with ST-elevation myocardial infarction. A report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Committee to revise the 1999 guidelines for the management 
of patients with acute myocardial infarction). Circulation 110:e82–e293, 2004.
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privileges, and then their activity level is gradually 
increased. When the oxygen saturation level is stable 
for more than 6 hours, the need for continuous oxy-
gen therapy is reassessed and the fraction of inspired 
oxygen (FiO2) may be weaned down.

The patient is often not given anything by mouth 
until the pain has resolved. After the pain has 
resolved, the patient is given clear liquids and pro-
gressed to a heart-healthy diet as tolerated. Daily 
weights are recorded, and intake and output are 
measured to detect fl uid retention. Stool softeners 
are administered to prevent straining, which can 
cause sudden and signifi cant changes in systolic 
blood pressure and heart rate (Valsalva maneuver), 
placing the patient at risk for ventricular dysrhyth-
mias. A collaborative care guide for patients with 
acute myocardial infarction is given in Box 14-5.

Pharmacotherapy. Medications administered to 
patients with myocardial infarction may include the 
following:

• Daily aspirin is administered indefi nitely.
• IV unfractionated heparin or LMWH is used in 

patients after STEMI who are at high risk for sys-
temic emboli. The risk is highest in patients with 
an anterior myocardial infarction, atrial fi brilla-
tion, cardiogenic shock, or a previous embolus.4

• Angiotensin-converting enzyme (ACE) inhibitors 
are administered orally within the fi rst 24 hours 
to patients with anterior wall myocardial infarc-
tion, pulmonary congestion, or a left ventricular 
ejection fraction less than 40%, in the absence of 
hypotension. ACE inhibitors help prevent ventric-
ular remodeling and preserve ejection fraction.4

• An insulin infusion may be required to normalize 
the patient’s blood glucose levels during the fi rst 
several days following STEMI.

• Magnesium is indicated for patients with a docu-
mented magnesium defi cit and for those with tor-
sades de pointes ventricular tachycardias due to 
prolonged QT intervals.

• β-Adrenergic blockers are administered intra-
venously during the initial hours of the evolving 
infarction, followed by oral therapy provided there 
are no contraindications. Calcium channel block-
ers may be given to patients in whom β-adrenergic 
blocker therapy is ineffective or contraindicated.

• Nitrate therapy may be continued beyond the fi rst 
24 to 48 hours for patients with recurrent angina 
or persistent heart failure.

• Statins are given within the fi rst 24 hours and may 
be continued for 6 months or indefi nitely.

• Antiplatelet (eg, Clopedigrel (Plavix)) is adminis-
tered for a minimum of 3 months following the 
placement of a bare metal stent and up to 12 months 
following a drug–eluting stent placement.

Hemodynamic Monitoring. Pulmonary artery 
pressure monitoring is indicated in patients with 
myocardial infarction who have severe or progressive 
heart failure, pulmonary edema, cardiogenic shock, 
progressive hypotension, or suspected mechanical 

is drawn for serum cardiac markers, hematology, 
chemistry, and a lipid profi le. During the initial 
evaluation, the patient and family may be anxious. 
To help alleviate anxiety, the nurse provides reassur-
ance, support, and brief and clear explanations of 
interventions.

Fibrinolytic Therapy. Fibrinolytic agents may be 
used in the treatment of patients with acute STEMI, 
and for those with ST-segment depression if a poste-
rior myocardial infarction is suspected.4 Fibrinolytic 
therapy provides maximum benefi t if given within 
4 hours of the onset of symptoms, and there is a 
time-dependent decrease in effi cacy.4 These drugs 
are not effective or appropriate for patients with-
out ST-segment elevation or with nonspecifi c ECG 
changes. Unless contraindicated (see Chapter 13, 
Box 13-1), fi brinolytics may be given to patients with 
STEMI who meet either of the following criteria:

• Onset of symptoms within the previous 12 hours 
and ST-segment elevation greater than 0.1 mV in 
two or more contiguous precordial leads or in two 
or more adjacent limb leads, or

• New-onset left bundle branch block

The patient is closely monitored during and after the 
infusion of a fi brinolytic agent. The nurse assesses 
the patient for signs of reperfusion, which include 
resolution of chest pain, normalization of elevated 
ST segments, and the development of reperfu-
sion dysrhythmias (eg, accelerated idioventricular 
rhythm, ventricular tachycardia, atrioventricular 
(AV) block). In addition, the nurse assesses for com-
plications from the drug therapy (eg, allergic reac-
tions, bleeding, hypotension), and for reocclusion of 
the coronary artery. Indicators of reocclusion include 
new onset of chest pain, return of ST-segment eleva-
tion, and hemodynamic instability.

Percutaneous Transluminal Coronary Angio-
plasty. PTCA may be used instead of fi brinolytic 
therapy for patients with STEMI who present within 
12 hours of the onset of symptoms, for patients with 
NSTEMI, and for patients with persistent ischemic 
symptoms. The nurse carefully monitors the patient 
after a PTCA for retroperitoneal or vascular hemor-
rhage, other evidence of bleeding, early acute reocclu-
sion, and late restenosis. If PTCA is not successful, the 
patient may be evaluated for emergent CABG surgery.

Ongoing Management
As the patient progresses out of the immediate crisis 
stage, the goal of management continues to be maxi-
mizing cardiac output while minimizing cardiac 
workload. Monitoring includes frequent vital sign 
assessment, continuous cardiac monitoring with 
ST-segment monitoring, and serial 12- lead ECGs and 
serum cardiac marker testing. Prompt recognition 
and management of complications (see Box 14-4) is 
essential in reducing mortality and morbidity. For 
the fi rst 12 hours of hospitalization, patients who are 
hemodynamically stable and free of ischemic chest 
discomfort remain on bedrest with bedside commode 
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B O X  1 4 - 5 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With Myocardial Infarction

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
ABGs are within normal 

limits and pulse oximeter 
value is >90%.

• Assess respiratory rate, effort, and breath sounds q2–4h.
• Obtain ABGs per order or signs of respiratory distress.
• Monitor arterial saturation by pulse oximeter.
• Provide supplemental oxygen by nasal cannula or face mask for the fi rst 6 h then 

as needed.

Pulmonary edema is 
minimized on chest x-ray 
and demonstrated by 
improved breath sounds.

• Provide intubation and mechanical ventilation as necessary.
• Obtain chest x-ray daily.
• Administer diuretics per order.
• Monitor signs of fl uid overload.

• Encourage nonintubated patients to use incentive spirometer and perform cough-
ing and deep breathing q4h and PRN.

• While on bedrest, turn side to side q2h.

The patient is without 
evidence of atelectasis.

 

Circulation/Perfusion
Vital signs are within normal 

limits, including MAP >70 
mm Hg and cardiac index 
>2.2 L/min/m2.

• Monitor HR and BP q1–2h and PRN during acute failure phase.
• Assist with pulmonary artery catheter insertion.
• Monitor pulmonary artery pressures and PAOP, CVP, or RAP q1h and cardiac out-

put, systemic vascular resistance, and pulmonary vascular resistance q2–4h (may 
also use a continuous CO monitor) if pulmonary artery catheter is in place.

• Maintain patent IV access.
• Administer positive inotropic agents, and reduce afterload with vasodilating 

agents guided by hemodynamic parameters and physician orders.
• Evaluate effect of medications on BP, HR, and hemodynamic parameters.
• Prepare the patient for IABP assist if necessary.

The patient has no evidence 
of heart failure due to 
decreased cardiac output.

• Restrict volume administration as indicated by PAOP or CVP values.
• Assess for neck vein distention, pulmonary crackles, S

3 or S4, peripheral edema, 
increased preload parameters, elevated “a” wave of CVP or PAOP waveform.

• Monitor 12-lead ECG qd and PRN.
The patient has no evidence 

of further myocardial 
dysfunction, such as 
altered ECG or cardiac 
enzymes.

• Monitor cardiac markers, Mg, PO4, Ca2+, and K+ as ordered.
• Monitor ECG for changes consistent with evolving myocardial infarction.
• Consider obtaining right sided 12 lead ECG if an inferior wall MI to determine 

RV involvement.
• Report and treat abnormalities per protocols or orders.

Dysrhythmias are controlled. • Provide continuous ECG monitoring in the appropriate lead.
• Document rhythm strips every shift.
• Anticipate need for/administer pharmacological agents to control 

dysrhythmias.
After fi brinolytic therapy, the 

patient has relief of pain; 
no evidence of bleeding; 
no evidence of allergic 
reaction.

• Assess, monitor, and treat pain.
• Monitor for signs of reperfusion, such as dysrhythmias, ST-segment return to 

baseline, early rise and peak in CK.
• Monitor for signs of bleeding, including neurological, gastrointestinal, and geni-

tourinary assessment.
• Monitor prothrombin time (PT), activated partial thromboplastin time (aPTT), 

anticoagulation therapy per protocol.
• Have anticoagulant antidotes available, if the drug has an antidote.
• Assess for itching, hives, sudden onset of hypotension or tachycardia.
• Administer hydrocortisone or diphenhydramine per protocol.

There is no evidence of 
cardiogenic shock, cardiac 
valve dysfunction, or 
ventricular septal defect.

• Monitor ECG, heart sounds, hemodynamic parameters, level of consciousness, 
and breath sounds for changes.

• Report and treat deleterious changes as indicated.

(continued on page 190)
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B O X  1 4 - 5 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With Myocardial Infarction (continued)

OUTCOMES INTERVENTIONS
 

Fluids/Electrolytes
Renal function is maintained 

as evidenced by urine 
output >30 mL/h, normal 
laboratory values.

• Monitor intake and output q1–2h.
• Monitor BUN, creatinine, electrolytes qd and PRN. Take daily weights.
• Administer fl uid volume and diuretics as ordered.

 

Mobility/Safety
The patient complies with 

ADL limitations.
• Provide clear explanation of limitations.
• Provide bedrest with bedside commode privileges fi rst 12 h.
• Progress to chair for meals, bathing self, bathroom privileges. Continually assess 

patient response to all activities.
The patient does not fall or 

accidentally harm himself 
or herself.

• Provide environmental modifi cations to prevent falls, bruising, or injury.
• Use restraints as indicated and per facility policy.

 

Skin Integrity
The patient has no evidence 

of skin breakdown.
• Turn side to side q2h while the patient is on bedrest.
• Evaluate skin for signs of pressure areas when turning.
• Consider pressure relief/reduction mattress for high-risk patients.
• Use Braden scale to monitor risk for skin breakdown.

 

Nutrition
Caloric and nutrient 

intake meet metabolic 
requirements per 
calculation (eg, basal 
energy expenditure).

• Provide appropriate diet: oral, parenteral, or enteral feeding.
• Provide clear or full liquids the fi rst 24 h.
• Restrict sodium, fat, cholesterol, fl uid, and calories if indicated.
• Consult dietitian or nutritional support services.

The patient has normal 
laboratory values refl ective 
of nutritional status.

• Monitor albumin, prealbumin, transferrin, cholesterol, triglycerides, total protein.

 

Comfort/Pain Control
The patient has relief of chest 

pain.
There is no evidence of pain, 

such as increased HR, BP, 
RR, or agitation during 
activity or procedures.

• Use visual analog scale to assess pain quantity.

• Assess quality, duration, location of pain.
• Administer IV morphine sulfate, and monitor pain and hemodynamic 

response.
• Administer analgesics appropriately for chest pain and assess response.
• Monitor physiological response to pain during procedures or after administration 

of pain medication.
• Provide a calm, quiet environment.

 

Psychosocial
The patient demonstrates 

decreased anxiety by 
calm demeanor and 
vital signs during, for 
example, procedures, 
discussions.

• Assess vital signs during treatments, discussions, and so forth.
• Provide explanations and stable reassurance in calm and 

caring manner.
• Cautiously administer sedatives and monitor response.

The patient and 
family demonstrate 
understanding of 
myocardial infarction and 
treatment plan by asking 
questions and participating 
in care.

• Consult social services and clergy as appropriate.
• Assess coping mechanism history.
• Allow free expression of feelings.
• Encourage patient and family participation in care as soon 

as feasible.
• Provide blocks of time for adequate rest and sleep.

Morton_Chap14.indd   190Morton_Chap14.indd   190 2/4/2012   3:11:38 PM2/4/2012   3:11:38 PM



Common Cardiovascular Disorders C H A P T E R  1 4 191

complications. The PAOP is closely followed for 
assessment of left ventricular fi lling pressures. A 
PAOP below 18 mm Hg may indicate volume deple-
tion, whereas a PAOP greater than 18 mm Hg indi-
cates pulmonary congestion or cardiogenic shock. 
Continuous cardiac output monitoring is used to 
evaluate the cardiac output and cardiac index. In 
some situations, monitoring venous oxygen satura-
tion may also be useful. Invasive arterial monitoring 
is indicated for patients with myocardial infarction 
who have severe hypotension or for those receiving 
vasopressor or vasodilator drugs.

Heart Failure
Heart failure is a clinical syndrome characterized by 
shortness of breath, dyspnea on exertion, paroxys-
mal nocturnal dyspnea, orthopnea, and peripheral 
or pulmonary edema. It has many causes, related 
either to impaired cardiac function or excessive 
work demands (Box 14-6).

Heart failure may be acute or chronic. Acute 
heart failure is the sudden appearance of symptoms, 
usually over days or hours. Immediate interven-
tion is necessary to save the patient’s life. Chronic 
heart failure is the development of symptoms over 
months to years. Patients with chronic heart failure 
may live with minimal or well-controlled symptoms. 
However, chronic heart failure may become acutely 
worse. Any factor that increases oxygen demand 
(eg, hypoxemia, ischemia, hypertension, tachy-
cardia, anemia, exercise), and therefore demand 
for increased cardiac output beyond the ability of 
the ventricle to function, can cause an acute exac-
erbation. Similarly, any factor that depresses the 
function of the already compromised ventricle (eg, 
alcohol, drugs that exert a negative inotropic effect 
such as calcium channel blockers and β-adrenergic 
blockers) can lead to an exacerbation. Many patients 
with heart failure have comorbid conditions, such 
as CAD, hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease (COPD), and chronic 
renal insuffi ciency. Worsening of a comorbid condi-
tion may also lead to an acute exacerbation of stable 
chronic heart failure. Potentially, acute decompensa-
tion is reversible if treated quickly and aggressively.

Pathophysiology
The end result of all types of heart failure is insuf-
fi cient cardiac output. The loss of forward fl ow (car-
diac output) causes a decrease in perfusion to the 
kidneys and the release of renin. Renin converts 
angiotensin I to angiotensin II, a potent vasocon-
strictor. The vasoconstriction increases the resis-
tance (afterload) that the heart must pump against. 
Angiotensin II also stimulates the release of aldo-
sterone, which causes the kidneys to retain sodium 
and water. This increases the circulating volume 
(preload) and contributes to volume overload. The 

B O X  1 4 - 6   Causes of Heart Failure

Impaired Cardiac Function
• Myocardial disease (eg, cardiomyopathies, myocar-

ditis, coronary insuffi ciency, myocardial infarction)
• Valvular heart disease (stenotic or regurgitant)
• Congenital heart defects
• Constrictive pericarditis

Excess Work Demands
• Increased pressure work (eg, systemic hypertension, 

pulmonary hypertension, coarctation of the aorta)
• Increased volume work (eg, arteriovenous shunt, 

fl uid overload)
• Increased perfusion work (eg, thyrotoxicosis, 

anemia)

B O X  1 4 - 5 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With Myocardial Infarction (continued)

OUTCOMES INTERVENTIONS
 

Teaching/Discharge 
Planning
The patient reports 

occurrence of chest pain or 
discomfort.

• Explain importance of reporting all episodes of chest pain.
• Provide frequent explanations and information to the patient and family.

Family demonstrates 
appropriate coping during 
the critical phase of an 
acute myocardial infarction.

• Encourage family to ask questions regarding treatment plan, patient response to 
therapy, prognosis, and so forth.

In preparation for discharge 
to home, the patient and 
family understand activity 
levels, dietary restrictions, 
medication regimen, what 
to do if pain recurs.

• Make appropriate referrals and consults early during hospitalization.
• Initiate education regarding heart-healthy diet, cardiac rehabilitation program, 

stress-reduction strategies, management of chest pain.
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and differentiate heart failure from other conditions 
that produce shortness of breath, dyspnea on exer-
tion, coughing, and fatigue (eg, pulmonary disease, 
deconditioning). Heart failure symptoms typically 
worsen with activity and improve with rest. Cough 
and shortness of breath may increase when lying 
down and improve with sitting up. Determining the 
severity of symptoms (Table 14-3) aids in establish-
ing functional class (Box 14-7) and evaluating the 
success of therapy.

The nurse asks the patient about medications (pre-
scription and nonprescription) and herbal supple-
ments because a complete medication history may 
provide clues to the underlying cause. For example, 
patients taking nonsteroidal anti-infl ammatory 
drugs (NSAIDs) may present with worsening heart 
failure and renal function because of the effect of the 
NSAIDs on renal blood fl ow.

When the pathophysiological changes of heart 
failure occur over a long period, the body adapts 
and compensates. In acute heart failure, there is no 
time for compensation or adaptation, and the clini-
cal manifestations are severe. Symptoms in patients 
with an acute exacerbation of heart failure may 
include

• Increased dyspnea on exertion or rest, decreased 
exercise tolerance, and increased orthopnea, par-
oxysmal nocturnal dyspnea, or both

• Weight gain of 5 to 50 lb resulting from fl uid 
retention

• Renal insuffi ciency with elevated blood urea nitro-
gen (BUN) and creatinine levels

Physical Examination
The physical fi ndings in heart failure differ depend-
ing on whether the patient has acute or chronic 
heart failure, right and/or left ventricular involve-
ment and whether the dysfunction is systolic or 

combination of increased afterload and preload 
worsens the cardiac output, thus increasing the 
release of renin from the kidneys and continuing the 
cycle of heart failure.

Right-Sided Heart Failure
Right-sided heart failure (cor pulmonale) refers to 
failure of the right ventricle to pump adequately. 
The most common cause of right-sided heart failure 
is left-sided heart failure, but right-sided heart fail-
ure can also result from pulmonary disease and pri-
mary pulmonary artery hypertension. Acute onset of 
right-sided heart failure is often caused by pulmo-
nary embolus.

Left-Sided Heart Failure
Left-sided heart failure refers to failure of the left 
ventricle to fi ll or empty properly. This leads to 
increased pressures inside the ventricle and con-
gestion in the pulmonary vascular system. The 
increased pulmonary artery pressures, in turn, lead 
to orthopnea, possibly pulmonary edema, elevated 
venous pressures, liver congestion, lower extremity 
edema, and paroxysmal nocturnal dyspnea. Patients 
may also present with hypotension, tachycardias, 
and prerenal azotemia. Heart failure may be classi-
fi ed as systolic and diastolic dysfunction.

Systolic Dysfunction
Systolic dysfunction is usually estimated by ejection 
fraction, or the percentage of the ventricular end-
diastolic volume (VEDV) that is ejected from the 
ventricle in one cycle. Normal ejection fraction is 
50% to 70%. Systolic dysfunction is defi ned as an 
ejection fraction of less than 40% and is caused by 
a decrease in contractility. The ventricle is not emp-
tied adequately because of poor pumping, and the 
end result is decreased cardiac output.

Diastolic Dysfunction
Diastolic dysfunction is less well defi ned and more 
diffi cult to measure, and it is often referred to as 
heart failure with preserved left ventricular func-
tion. Pumping is normal or even increased, with an 
ejection fraction as high as 80% at times. Diastolic 
dysfunction is characterized by impaired relaxation 
and fi lling. Ventricular fi lling is a combination of 
passive fi lling and atrial contraction. If the ventricle 
is stiff and poorly compliant (due to aging, uncon-
trolled hypertension, hypertrophy, or volume over-
load), relaxation is slow or incomplete. If the heart 
rate is fast, diastole is short, or if the patient has 
atrial fi brillation, there is no organized atrial con-
traction. These mechanisms all reduce fi lling of the 
ventricle and contribute to diastolic dysfunction, 
therefore decreasing cardiac output.

Assessment
History
The symptoms of heart failure are nonspecifi c. The 
history is used to put the symptoms into a context 

B O X  1 4 - 7   New York Heart Association 
(NYHA) Functional Classifi cation of 
Heart Failure

Class I: No limitation of physical activity. Ordinary 
physical activity does not cause undue fatigue or 
dyspnea.

Class II: Slight limitation of physical activity. 
Comfortable at rest, but ordinary physical activity 
results in fatigue or dyspnea.

Class III: Marked limitation of physical activity with-
out symptoms. Symptoms are present even at rest. 
If any physical activity is undertaken, symptoms are 
increased.

Class IV: Unable to carry on any physical activity 
without symptoms. Symptoms are present even at 
rest. If any physical activity is undertaken, symptoms 
are increased.
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diastolic. Common physical examination fi ndings 
are summarized in Box 14-8.

Laboratory Studies
Many laboratory studies are ordered in the initial 
and ongoing evaluation of a patient with heart 
failure (Table 14-4). Brain-type natriuretic peptide 
(BNP) is a naturally occurring substance secreted by 
the ventricles when overstretched. BNP levels may 
be used to distinguish between pulmonary and heart 
failure–related causes of dyspnea (particularly in the 
emergency department).5 In addition, BNP is used 
as a marker for evaluating adequacy of treatment 
and acute progression of heart failure, but the reli-
ability of BNP for this use has not been established.

Diagnostic Studies
Diagnostic studies include electrocardiography, 
echocardiography, chest radiography, and exercise 
testing.

Management
Chronic Heart Failure
A major goal of therapy is symptomatic improve-
ment or, if possible, elimination of symptoms. The 
underlying cause of the heart failure is identifi ed 
and treated. If an etiologic factor cannot be iden-
tifi ed or cannot be treated, then its manifestations 

TA B L E  1 4 - 3 Assessment of Severity of Heart Failure

Symptom Measure(s) Questions

Orthopnea Number of pillows the patient sleeps on regularly How many pillows do you sleep on at night?
If more than one, is it for comfort or because you 

cannot breathe with one or two?
Dyspnea on 

exertion
Number of blocks the patient can walk without 

stopping to rest or catch breath
Number of fl ights of stairs the patient can climb 

without stopping to rest or catch breath
Number of times the patient must rest while 

doing ADLs such as toileting or minor 
housework

How many blocks and fl ights of stairs can you walk 
without stopping to rest or catch your breath?

Do you stop because you cannot go further or 
because you want to avoid getting short of 
breath?

For patients who are limited by peripheral vascular 
disease or orthopedic problems: Do you stop 
because you cannot breathe or because of 
pain? Which comes fi rst?

Paroxysmal 
nocturnal 
dyspnea

Average number of occurrences per night or 
week

After you go to bed, do you ever have to sit up 
suddenly to catch your breath?

How much time passes before you can breathe 
normally?

Do you need to do anything besides sit up to 
relieve the shortness of breath?

Dizziness 
or light-
headedness

Presence or absence (of real concern when 
symptom occurs when the patient is standing 
and persists or occurs with activity)

Do you ever become dizzy or light-headed?
What are you doing when this occurs?

Chest pain or 
pressure

Presence or absence Do you have chest pain or pressure?
Do you become short of breath with the chest pain 

or pressure?
Which comes fi rst, the pain or the shortness of 

breath? (Chest pain that comes after shortness 
of breath is often caused by the heart failure.)

B O X  1 4 - 8   Physical Examination Findings in 
Heart Failure

General
• Anxiety
• Forward-leaning posture
• Cachexia (chronic)

Cardiovascular
• Hypotension or hypertension
• Tachycardia
• Elevated jugular venous pressure
• Elevated right atrial pressure (RAP)
• Elevated pulmonary artery pressure
• Displaced point of maximal impulse (PMI) (to the left)
• Third heart sound (S3)
• Murmur (valvular cause)

Respiratory
• Cheyne–Stokes breathing (NYHA class IV)
• Bibasilar crackles
• Wheezing

Abdomen
• Ascites
• Hepatomegaly
• Splenomegaly
• Hepatojugular refl ux

Extremities
• Peripheral edema
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be considered. A brief course of an IV diuretic or 
the addition of a thiazide diuretic until the edema 
is controlled may be required. The combination 
of loop and thiazide diuretics works for refractory 
edema more effi ciently than either type of diuretic 
alone. The resolution of edema should be followed 
by a return to a loop diuretic alone.

• Spironolactone is a weak diuretic with potassium-
sparing properties. It is used in the treatment of 
heart failure to block the effects of aldosterone.

• β-Adrenergic blockers are used to improve symp-
toms and increase exercise tolerance.

RED FLAG! Patients who come into the 
hospital because of an exacerbation of heart failure 
who are on b-adrenergic blockers should continue 
taking the medication. The rebound tachycardia that 
can occur if b-adrenergic blocker therapy is stopped 
suddenly can be fatal, especially in patients with 
coronary insuffi ciency.

• Calcium channel blockers are used primarily for 
patients with diastolic dysfunction. Calcium chan-
nel blockers should be avoided in systolic dysfunc-
tion because they exert a strong negative inotropic 
effect but lack the long-term benefi ts of β-adrener-
gic blockers.

• Nitrates are venodilators, and their primary effect 
is to decrease preload. Nitrates are used in heart 
failure to help alleviate the symptoms of orthop-
nea and dyspnea on exertion.

are treated. Strategies such as sodium restriction, 
alcohol avoidance, regular exercise, adherence to 
the medication regimen, and daily weight measure-
ments are very effective for managing symptoms 
and preventing hospitalizations for acute exacerba-
tions. Several medications are used in the manage-
ment of chronic heart failure:

• ACE inhibitors are the mainstay of therapy for 
heart failure. ACE inhibitors work by blocking the 
renin–angiotensin–aldosterone system, resulting 
in vasodilation and blocking sodium and water 
reabsorption. Blockage of the long-term effects 
of myocardial cell exposure to the renin–angio-
tensin–aldosterone system is hypothesized to be 
the mechanism by which ACE inhibitors decrease 
mortality and limit the progression of remodel-
ing.6 ACE inhibitors are typically started at low 
doses and titrated to target doses to avoid hypo-
tension. Angiotensin II receptor blockers (ARBs) 
may be used for patients who cannot tolerate ACE 
inhibitors.

• Digoxin is used to manage symptoms and increase 
exercise tolerance. It is a weak inotrope that also 
blocks neurohormones such as norepinephrine. 
Long-term exposure to neurohormones is believed 
to contribute to the progression of heart failure.

• Loop diuretics are standard therapy for diuresis 
in patients with heart failure. When patients are 
receiving large doses yet continue to have edema 
or have increased edema, diuretic resistance must 

TA B L E  1 4 - 4 Laboratory Studies Used in the Evaluation of Heart Failure

Laboratory Study Purpose When Performed

Complete blood count Used to identify any anemia or infection Yearly if no specifi c indication
With any exacerbation

Iron studies, anemia 
work-up

Used to rule out hemochromatosis As needed to evaluate any treatment for 
iron-defi ciency anemia

Thyroid function tests Used to rule out hyperthyroidism or 
hypothyroidism as a cause of heart failure

No follow-up unless indicated before 
initiation of amiodarone

Electrolytes Used to assess the effects of diuresis on 
potassium and sodium levels

With changes in diuretic dose, 
aggressive diuresis, and titration of 
drugs that affect potassium (ACE 
inhibitors, angiotensin II receptor 
blockers [ARBs], spironolactone)

Blood urea nitrogen (BUN) 
and creatinine

Used to assess renal function; BUN: creatinine 
ratio distinguishes between prerenal azotemia 
and kidney disease

With increased edema or an 
exacerbation

With titration of ACE inhibitors
Liver function tests Used to evaluate bilirubin and alkaline 

phosphatase (AP) levels, which are often 
elevated in liver congestion caused by heart 
failure

Used to evaluate albumin levels (low albumin 
makes peripheral edema more diffi cult to 
reduce)

With any exacerbation
Before initiation of lipid-lowering drugs 

or amiodarone

HIV Used to rule out HIV/AIDS as etiologic factor As indicated by history or change in 
status

Lipid panel Used to assess risk for coronary artery disease 
(CAD) and nutritional status

Yearly or more often as indicated to 
evaluate treatment
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Inotropes and Inodilators
To increase cardiac output, it is necessary to increase 
contractility and decrease afterload. Inotropes 
improve contractility but they also increase myocar-
dial oxygen consumption. To be useful in patients 
with heart failure, there must be greater improve-
ment in oxygen delivery than in oxygen consump-
tion. The following are indications for the use of 
inotropes:

• Low cardiac output and high PAOP, especially 
with symptomatic hypotension

• High PAOP with poor response to diuretics in vol-
ume-overloaded patients

• Severe right-sided heart failure that is the result of 
left ventricular failure

• Symptoms of heart failure at rest despite excellent 
maintenance therapy

Dopamine is an excellent inotrope at mid-level doses. 
However, because dopamine is also a vasoconstric-
tor, especially at higher doses, it increases after-
load in patients with heart failure and can decrease 
stroke volume. Although there are no data to sup-
port its use, renal-dose dopamine has been used fre-
quently in patients with heart failure.7 At low doses 
of 1 to 3 μg/kg/min, the hypothesized main effect of 
dopamine is stimulation of dopaminergic receptors 
that dilate renal and splanchnic circulations. 

Inodilators are used to stimulate β-adrenergic 
receptors in the heart and blood vessels to increase 
contractility and cause vasodilation. The two ino-
dilators most commonly used in critical care units 
are dobutamine and milrinone. Because these drugs 
increase stimulation of β-adrenergic receptors, 
they are also chronotropic (ie, they increase heart 
rate), and they must be used carefully and titrated 
slowly in patients with tachycardia or ventricular 
dysrhythmia.

The effect of inotropes and inodilators can be 
measured when a pulmonary artery catheter is in 
place. As the drugs are titrated to optimum doses, 
cardiac output increases, and the PAOP decreases. 
Any organ function that was compromised because 
of inadequate perfusion should improve (eg, urine 
output should increase, and BUN and creatinine 
should return to baseline levels).

Vasodilators
In patients with cardiogenic shock or patients 
who have an exacerbation related to hyperten-
sive emergency, the afterload is the primary lim-
iting factor. Immediate treatment with parenteral 
vasodilators is necessary to decrease and control 
the blood pressure or decrease the workload of the 
damaged myocardium in order to maintain life 
or limit end-organ damage. Nitroprusside has the 
most rapid onset with the shortest half-life of any of 
these medications. It provides for a rapid decrease 
in blood pressure, and the effect is limited to min-
utes if the medication must be stopped because of 
an exaggerated response. It must be given as a con-
tinuous drip and requires reliable monitoring of 

Acute Exacerbations of Heart Failure
The main concerns for the care of a patient with an 
acute exacerbation of chronic heart failure are the 
same as for any patient with a life-threatening con-
dition. Once the basic priorities (airway, breathing, 
and circulation) are addressed, etiologic factors and 
long-term strategies can become the focus of care. 
Hemodynamic monitoring may be indicated under 
the following circumstances:

• The patient does not respond to empirical therapy 
(ie, inotropes and intravenous diuretics) for heart 
failure.

• The patient has a concomitant respiratory disor-
der (eg, COPD), and it is necessary to differentiate 
between pulmonary and cardiac causes of respira-
tory distress.

• The patient has complex fl uid status needs to be 
evaluated (eg, the patient continues to have periph-
eral edema or ascites and has renal function param-
eters indicating worsening prerenal azotemia).

Intubation
The indications for endotracheal intubation in 
patients with heart failure are the same as for 
patients in respiratory distress. If the increased 
work of breathing is leading to fatigue of the respi-
ratory muscles and the arterial carbon dioxide ten-
sion (PaCO2) is rising in association with a falling 
pH, intubation is indicated even if the patient is able 
to breathe unaided. Noninvasive positive pressure 
ventilation with bilevel positive pressure (BiPAP) 
may be used in the acute management of pulmonary 
edema to avoid more invasive intubation.

Diuresis
Once the airway is protected, attention is directed 
toward reducing the pulmonary edema. In most 
cases, aggressive IV diuresis is indicated to facili-
tate the excretion of excess fl uid rapidly and quickly 
make the patient feel better. If the IV loop diuretic 
is not suffi cient to produce this level of diuresis, a 
thiazide may be given orally along with the loop 
diuretic.

Cardiac Output Optimization
The following measures are used to increase cardiac 
output by optimizing preload, reducing afterload, 
and increasing contractility.

Fluids
Decreased preload is usually related to iatrogenic 
overdiuresis. However, patients who are on stable 
doses of diuretics may become dehydrated if they 
become hyperglycemic or experience vomiting and 
diarrhea while continuing to take the prescribed 
diuretic dose. Careful fl uid repletion usually cor-
rects this problem. The symptomatic hypotension 
and increased BUN and creatinine that are the hall-
marks of decreased preload should quickly return to 
baseline levels.
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blood pressure in a setting where emergency resus-
citation is available.

Nesiritide, a BNP that is an approved vasodilator 
for treatment of acute decompensation of chronic 
heart failure, has had mixed results in studies on 
clinical effi cacy and safety. The ASCEND-HF trial, 
with over 7000 patients, has shown no signifi cant 
difference in outcomes when compared to placebo.8 
The study did, however, reinforce the drug’s safety, 
revealing no excess adverse effects although it did 
not show any improvement over standard care.

Measures to Optimize Heart Rate
Heart rate and rhythm must be optimized for ade-
quate cardiac output. A heart rate that is too fast can 
compromise fi lling and, in patients with ischemia, 
can contribute directly to decreased contractility 
and increased myocardial oxygenation. A heart rate 
that is too slow can decrease cardiac output.

If the patient is experiencing bradycardia, the 
underlying cause must be identifi ed and treated. 
Bradycardia resulting from ischemic damage to 
the conduction system is treated with a permanent 
pacemaker. If the bradycardia is the result of ongo-
ing ischemia, a temporary pacemaker along with 
treatment of the ischemia is indicated. If the bra-
dycardia is the result of medication, the medication 
should be held or discontinued until the indication 
for the medication can be reevaluated. In this situ-
ation, β-adrenergic blockers may be held for 24 to 
36 hours but should not be discontinued suddenly. If 
the bradycardia is the result of β-adrenergic block-
ers, temporary pacing may be required while the 
drug is titrated down.

In many cases, tachycardia is associated with 
ischemia or hypertensive crisis, and treatment of 
the underlying problem also treats the tachycardia. 
Sinus tachycardia is usually the result of decreased 
stroke volume and can be resolved by treating the 
underlying cause of the decreased stroke volume. 
Treatment of the tachycardia without increasing 
stroke volume leads to worsening end-organ perfu-
sion. Tachycardia caused by atrial fl utter or atrial 
fi brillation with rapid ventricular response neces-
sitates treatment of the dysrhythmia. If the patient 
is unstable, direct-current countershock cardiover-
sion is indicated. Otherwise, mechanical methods 
such as the Valsalva maneuver or carotid massage 
may be helpful. If medication is required to slow the 
rhythm, amiodarone is the least dangerous medica-
tion to use in systolic dysfunction.

Hypertensive Crisis 
Hypertensive crisis is an acute elevation of blood 
pressure (greater than 180/120 mm Hg) that is asso-
ciated with acute or imminent target organ dam-
age.9 Common causes include exacerbations of 
chronic hypertension, the sudden withdrawal of 
antihypertensive medications, and acute or chronic 
renal disease. Other causes include postsurgical 

status, pheochromocytoma, eclampsia, and exten-
sive burns. The marked, rapid increase in blood 
pressure initially leads to intense vasoconstriction 
as the body attempts to protect itself from the ele-
vated pressure. If the blood pressure remains criti-
cally high, compensatory vasoconstriction fails, 
resulting in increased pressure and blood fl ow 
throughout the vascular system. Potential conse-
quences include acute cerebrovascular syndromes 
(eg, hypertensive encephalopathy, acute stroke), 
acute cardiovascular syndromes (eg, myocardial 
infarction, aortic dissection, pulmonary edema), 
and acute renal damage.

Clinical fi ndings depend on the degree of vascu-
lar injury and the type of end-organ damage. Signs 
of encephalopathy include headache, visual distur-
bances, confusion, nausea and vomiting, retinal 
exudates and hemorrhages, and papilledema. Chest 
pain may be a manifestation of an acute coronary 
syndrome or aortic dissection. Oliguria or azotemia 
may be seen in patients with kidney damage.

Most patients who present with hypertensive 
crisis are critically ill and in need of immediate 
treatment. The goal is to reduce the mean blood 
pressure by no more than 25% (to avoid hypoper-
fusion) within 1 hour of starting treatment, and to 
prevent or reverse target organ damage.9 The goal 
of managing a hypertension encephalopathy is to 
decrease the MAP by 25% over 8 hours.10 Several 
IV medications are used in the treatment of hyper-
tensive crises; the choice depends on availability 
and the clinical situation (Table 14-5). Constant 
monitoring with an intra-arterial catheter is nec-
essary to avoid lowering the blood pressure too 
quickly.

Aortic Disease
Aortic Aneurysm
Aortic aneurysm is a localized dilation of the aorta 
to a size greater than 1.5 times its normal diameter. 
True aneurysms involve the entire vessel wall and 
are classifi ed according to their morphology and 
location (Fig. 14-5). Fusiform aneurysms, the more 
common type, are diffuse dilations of the entire 
circumference of the artery. Saccular aneurysms 
are localized balloon-shaped outpouchings. False 
aneurysms (which are not actually aneurysms) 
are formed when blood leaks through the wall of 
the aorta and is contained by the surrounding tis-
sues. Aortic aneurysms may be abdominal, thoracic, 
or both.

• Abdominal aortic aneurysm occurs more fre-
quently in men. Smoking is the leading risk fac-
tor, followed closely by atherosclerosis, age, 
hypertension, and lipid disorders.11 Most patients 
are asymptomatic. Abdominal or back pain is 
the most common symptom; worsening of the 
pain is usually related to expansion or rupture 
of the aneurysm. Detection of abdominal aortic 
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TA B L E  1 4 - 5 IV Medications Used in the Treatment of Hypertensive Emergencies

Drug Class Onset of Action

Nitroprusside sodium Vasodilator Immediate
Nitroglycerin Vasodilator 1–2 min
Fenoldopam Vasodilator less than 5 min
Hydralazine Vasodilator 15–30 min
Labetalol Adrenergic blocker less than 5 min
Esmolol Adrenergic blocker Immediate
Nicardipine Calcium channel blocker 5–6 min
Enalaprilat Angiotensin-converting enzyme (ACE) inhibitor 10–15 min

Adapted from Mansoor GA, Frishman WH: Comprehensive management of hypertensive emergencies 
and urgencies. Heart Dis 4:358, 2002; Tuncel M, Ram VCS: Hypertensive emergencies: Etiology and 
management. Am J Cardiovasc Drugs 3(1):21–31, 2003.

aneurysm by physical examination is diffi cult, 
especially in obese patients. The abdomen is 
examined for the presence of bruits or masses, 
and peripheral pulses are carefully evaluated. 
Abdominal ultrasonography or abdominal CT 
angiography is the most practical method of con-
fi rming the diagnosis.

Saccular true aneurysm

Fusiform true aneurysm

False aneurysm

Aortic arch

Ascending aorta
Thoracic aorta

Coronary arteries

Renal artery

Abdominal aorta

F I G U R E  1 4 - 5  Types of aortic aneurysms.

• Thoracic aortic aneurysm is classifi ed by the 
involved segment of the aorta (root, ascending, 
arch, or descending). Symptoms, when present, 
are related to the size and location of the aneu-
rysm and include aortic insuffi ciency and signs of 
pericardial tamponade or aortic insuffi ciency if 
the aneurysm involves the aortic root.
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factors, such as hypertension. The chest radiograph 
may show a widened mediastinum. Transesophageal 
echocardiography (TEE) or contrast medium–
enhanced CT may be used to confi rm the diagnosis.11

Management focuses on controlling blood pres-
sure and pain. Surgery is necessary when the aortic 
dissection is greater than 4.5 cm in length or rapidly 
expanding.

Cardiomyopathies
The cardiomyopathies are diseases of the heart 
muscle that cause cardiac dysfunction resulting in 
heart failure, dysrhythmias, or sudden death.21–23 
The most common types of primary cardiomyopa-
thies in Western countries are dilated and hypertro-
phic (Table 14-6).

Dilated Cardiomyopathy
Dilated cardiomyopathy is the third most common 
cause of heart failure, the most common cause of 
heart failure in the young, and the most common 
indication for heart transplantation.21

Some patients remain asymptomatic or have min-
imal clinical fi ndings. Symptoms usually develop 
gradually and are typically related to left ventricular 
heart failure. Asymptomatic ventricular tachycardia 
is common, but its prognostic impact is unknown. 
The presence of right-sided heart failure is associ-
ated with poor prognosis.22,24

Serial noninvasive tests (eg, ultrasonography) are 
used to monitor progression of the aneurysm. 
Indications for surgical repair are given in Box 14-9. 
Endovascular repair, a minimally invasive approach 
to aortic aneurysm repair, is the treatment of choice 
for high-risk patients.12 The graft is placed through 
the femoral artery and anchored to the wall of the 
aorta with self-expanding or balloon-expanded stents.

Aortic Dissection
Acute aortic dissection is the most common and the 
most lethal process involving the aorta. Dissection 
involves a longitudinal separation of the medial lay-
ers of the aorta by a column of blood. The dissec-
tion begins at a tear in the aortic wall, usually at 
the proximal end of the dissection. Blood pumped 
through this tear creates a false channel (lumen) 
that rapidly becomes larger than the true aortic 
lumen (Fig. 14-6). The incidence is highest in men 
older than 60 years with a history of hypertension. 
Other risk factors include cystic medial degenera-
tion, pregnancy, and trauma.11

More than 90% of patients present with sudden, 
intense chest pain that is frequently described as 
“ripping” or “tearing.” The chest pain may be accom-
panied by syncope or a latency period of less pain. 
Additional clinical manifestations depend on the 
location of the dissection:

• Coronary arteries: cardiac ischemia
• Aortic root: cardiac tamponade and aortic 

insuffi ciency
• Aortic arch: neurological defi cits
• Renal arteries: elevated serum creatinine, decre-

ased urine output, and severe hypertension

In most patients, the diagnosis is made by detect-
ing the murmur of aortic regurgitation or alteration 
of the peripheral pulses in patients with known risk 

B O X  1 4 - 9   General Indications for Surgical 
Repair of Aortic Aneurysms

Abdominal
• Diameter greater than or equal to 5.5 cm in men (4.5 

to 5.0 cm in women)
• Diameter 4.5 to 5.5 cm; clinical setting, patient 

preference

Thoracic
• Ascending aorta: diameter greater than or equal to 

5.5 cm (5 cm in patients with Marfan syndrome)
• Descending aorta: diameter greater than or equal to 

6.0 cm
• Symptoms suggesting expansion or compression of 

surrounding structures

Other
• Rapidly expanding aneurysms (growth rate greater 

than 0.5 cm over a 6-month period)
• Symptomatic aneurysm regardless of size

Intimal tear

Intimal tear

False
channel

False
channel

True lumen

True lumen

Proximal Distal

F I G U R E  1 4 - 6  Two major patterns of aortic dissection.
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or mildly symptomatic people of any age group. Early 
identifi cation of patients at risk for hypertrophic car-
diomyopathy (and therefore, sudden death) is imper-
ative. Mortality is higher in younger patients.24

Many patients with hypertrophic cardiomyopathy 
are asymptomatic or have only mild symptoms.22,24,25 
Hypertrophic cardiomyopathy is often found unex-
pectedly during investigation of heart murmurs or 
family screening. The most common symptom is 
dyspnea, which may be exacerbated with exertion. 
Presyncope and syncope also frequently occur. Left 
ventricular hypertrophy on the echocardiogram 
confi rms the diagnosis.

Management includes controlling symptoms, 
preventing complications, and reducing the risk for 
sudden death through screening.22,24,26

Valvular Disease
Cardiac valves maintain the unidirectional fl ow of 
blood. If structural changes occur as a result of dis-
ease, this function is disrupted. Disease causes either 

Laboratory tests include screening for potentially 
reversible causes (see Table 14-6). Echocardiography 
is used to identify the primary abnormality and 
determine the ejection fraction. Cardiac catheteriza-
tion may be needed to exclude CAD.22,24,25

Treatment goals include identifying and eliminat-
ing potential causes and controlling heart failure, 
dysrhythmias, and other problems such as intracor-
onary thrombus. In patients with dilated cardiomy-
opathy, the incidence of sudden cardiac death from 
ventricular tachycardia or ventricular fi brillation is 
very high. For patients who have syncopal episodes 
or survive sudden death, an ICD is usually indicated. 
If this device fi res frequently or symptomatic nonsus-
tained ventricular tachycardia occurs, amiodarone 
may be added to the regimen for rhythm control.

Hypertrophic Cardiomyopathy
Hypertrophic cardiomyopathy is probably the most 
frequently occurring cardiomyopathy in the United 
States. Sudden death (usually from a ventricular dys-
rhythmia) is a catastrophic outcome in asymptomatic 

TA B L E  1 4 - 6 Primary Cardiomyopathies

Cardiomyopathy Etiology Pathology
Clinical 
Manifestations Management

Dilated

Increased
atrial

chamber size

Increased
ventricular

chamber size

Decreased
muscle size

Idiopathic
Genetic factors
Viral infection
Immunodefi ciency 

(eg, HIV)
Exposure to toxins 

(eg, alcohol)

Systolic 
dysfunction

Chamber dilation 
with normal or 
reduced left 
ventricular wall 
thickness

• Heart failure
• Fatigue, 

weakness
• Dysrhythmias
• Systemic or 

pulmonary 
emboli

• Identify and 
eliminate 
potential 
causes

• Manage 
heart failure, 
dysrhythmias

• Heart transplant
• Genetic testing 

and family 
screening 
to identify 
asymptomatic 
family members

Hypertrophic

Thickened
interventricular
septum

Left ventricular
hypertrophy

Genetic factors Diastolic 
dysfunction

Marked hypertrophy 
of left ventricle, 
occasionally also 
of right ventricle, 
and usually 
(but not always) 
disproportionate 
hypertrophy of 
septum

• Dyspnea
• Angina
• Fatigue
• Syncope
• Palpitations
• Dysrhythmias
• Heart failure
• Sudden death

• Symptomatic 
treatment

• Septal wall 
ablation or 
surgery in 
select patients

• Volume 
reduction 
surgery

• Genetic testing 
and family 
screening 
to identify 
asymptomatic 
family members

Figures courtesy of the Anatomical Chart Company.
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TA B L E  1 4 - 7 Mitral and Aortic Valve Disorders

Disorder Causes Pathophysiology
Clinical 
Manifestations

Mitral stenosis Rheumatic heart 
disease

As forward fl ow from the left atrium to the left ventricle 
decreases, cardiac output decreases. Blood backed 
up behind the stenotic valve causes left atrial 
dilation and increased left atrial pressure, which is 
refl ected backward into the pulmonary circulation. 
With prolonged high pressures, fl uid moves from 
the pulmonary capillaries into the interstitial space 
and alveoli. Pulmonary hypertension develops, 
which can lead to right-sided heart failure.

Fatigue, exertional 
dyspnea, 
orthopnea, 
pulmonary 
edema, atrial 
fi brillation

Mitral 
insuffi ciency

Chronic: Rheumatic 
heart disease, 
myxomatous 
degeneration of 
the mitral valve, 
degenerative 
changes associated 
with aging, left 
ventricular dilation

During ventricular systole, some of the ventricular 
blood regurgitates into the atrium rather than 
being ejected through the aortic valve, decreasing 
forward cardiac output. Left ventricular hypertrophy 
occurs as a compensatory measure, but ultimately 
worsens the regurgitation. Left ventricular overload 
causes left ventricular dilation. Regurgitant fl ow into 
the left atrium causes increased left atrial pressure 
and dilatation; volume overload may be refl ected 
backward to the pulmonary circulation.

Fatigue, 
palpitations, 
shortness 
of breath, 
pulmonary 
and right-
sided heart 
symptoms (late 
in the disease 
process)

Acute: Endocarditis, 
chest trauma, 
myocardial infarction

Cardiac output decreases dramatically. Because of the 
acute nature, dilation and hypertrophy do not occur.

Pulmonary edema 
and shock

Aortic stenosis Rheumatic heart 
disease, calcifi cation 
of a congenital 
bicuspid valve, 
calcifi c degeneration 
(especially in elderly 
patients)

Obstructed left ventricular outfl ow leads to diminished 
cardiac output. The left ventricle hypertrophies to 
maintain cardiac output. Extreme left ventricular 
hypertrophy increases myocardial oxygen demand 
at the same time that cardiac output and coronary 
artery perfusion are decreased. As the stenosis 
worsens, compensation fails and volume and 
pressure overload in the left ventricle causes 
left ventricular dilation. Increased left ventricular 
pressures are refl ected backward through the left 
atrium and pulmonary vasculature.

Angina, syncope, 
exertional 
dyspnea, 
orthopnea, and 
paroxysmal 
nocturnal 
dyspnea

Aortic 
insuffi ciency

Chronic: Rheumatic 
heart disease, 
ascending aortic 
aneurysm

Blood fl ows backward from the aorta into the left 
ventricle during ventricular diastole. Forward 
cardiac output decreases, and left ventricular 
volume and pressure increase, leading to left 
ventricular hypertrophy. Eventually, the increase in 
left ventricular pressure is refl ected backward into 
the left atrium and pulmonary circulation.

Fatigue, low 
diastolic blood 
pressure, 
widened pulse 
pressure, 
water-hammer 
(Corrigan’s) 
pulse, angina

Acute: Blunt chest 
trauma, ruptured 
ascending aortic 
aneurysm, infective 
endocarditis

Left-sided heart failure and pulmonary edema develop 
rapidly because compensatory left ventricular 
hypertrophy does not have time to develop. 
In response to the diminished cardiac output, 
systemic vascular resistance increases to maintain 
the blood pressure. The increased systemic 
vascular resistance increases the regurgitation and 
worsens the situation.

Left-sided 
heart failure, 
pulmonary 
edema

valvular stenosis or insuffi ciency (regurgitation). 
The stenotic valve has a narrowed orifi ce that cre-
ates a partial obstruction to blood fl ow, resulting in 
increasing pressure behind the valve and decreasing 
forward blood fl ow. The insuffi cient valve is incom-
petent or leaky; blood fl ows backward, increasing 
the pressure and volume behind the valve. Stenosis 
and insuffi ciency can occur alone or in combina-
tion, in the same valve, or in more than one valve. 

Although abnormalities can affect any of the four 
valves, Table 14-7 focuses on mitral and aortic 
abnormalities, which are more common and pro-
duce profound hemodynamic changes.

Assessment
The diagnosis of valvular disease is suggested by 
the history, clinical signs and symptoms, physical 
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Mitral insuffi ciency may be treated with annulo-
plasty if annular dilation is responsible for the regur-
gitation. Annuloplasty is performed using sutures or 
a prosthetic ring. The ring is sewn around the mitral 
annulus so that excess annular tissue is drawn up, 
reducing the circumference. When an annuloplasty 
ring is used, anticoagulation is required for 3 months 
until the ring is endothelialized. If the chordae tendin-
eae are stretched or ruptured, surgical shortening or 
surgical repair of ruptured chordae can be effective.

Valve Replacement
Valve replacement surgery is done through a median 
sternotomy incision, and cardiopulmonary bypass 
and myocardial preservation techniques are used.

Prosthetic valves may be mechanical or biologi-
cal. Advantages and disadvantages of each type are 
summarized in Box 14-10.

Infectious and Infl ammatory Cardiac 
Disorders
Infectious and infl ammatory diseases of the heart 
have multiple etiologies, making diagnosis and 
treatment a clinical challenge. Patients may present 
with acute pain mimicking myocardial infarction, 
or may seek medical attention because of fatigue 
and vague fl u-like symptoms. Because of the perma-
nent damage these diseases can cause to structures 
of the heart, patients often face serious long-term 
cardiac disability.

Pericarditis
Pericarditis is infl ammation of the pericardium. 
Acute pericarditis is pericarditis that lasts no longer 
than 1 or 2 weeks.27,28 Infl ammation often involves 
the adjoining diaphragm. The causes of pericarditis 
are listed in Box 14-11. Pericarditis can be a primary 

examination, and auscultation of the characteris-
tic murmur (see Chapter 12, Table 12-2). Diagnosis 
is confi rmed by echocardiography and catheter-
ization of both sides of the heart. On the echocar-
diogram, valvular insuffi ciency is recognized by 
regurgitation of the contrast medium backward 
through the incompetent valve. Stenosis is diag-
nosed by measuring valvular gradients and calcu-
lating the valve area.

• To determine the gradient across the mitral valve, 
left atrial and left ventricular pressures are mea-
sured during diastole. A left atrial diastolic pres-
sure that is 15 to 20 mm Hg higher than left 
ventricular diastolic pressure means that severe 
mitral stenosis exists. The normal mitral valve area 
is 4 to 6 cm2. An area less than 1.5 cm2 signifi es 
critical mitral stenosis, and surgery is indicated.

• To determine the gradient across the aortic valve, 
the left ventricular and aortic root pressures are 
measured during systole. A gradient of more than 
50 mm Hg is associated with clinically signifi -
cant aortic stenosis. Normal aortic valve area is 
2.6 to 3.5 cm2. Hemodynamically signifi cant aortic 
stenosis occurs if the valve area is less than 1 cm2.

Management
Surgery is indicated before left ventricular function 
deteriorates signifi cantly and the patient’s activity 
becomes severely limited, or before severe signs 
and symptoms develop. The goals of valvular sur-
gery are to relieve symptoms and restore normal 
hemodynamics. Surgical intervention consists of 
either valve reconstruction or valve replacement. 
Valve reconstruction is associated with decreased 
operative mortality and fewer thromboembolic and 
anticoagulation-related complications than valve 
replacement. Percutaneous balloon valvuloplasty 
may be used for patients considered too high risk 
for surgery.

Valve Reconstruction
Reconstruction procedures are more likely to be 
successful if performed early in the course of dis-
ease, before left ventricular function deteriorates 
and irreparable damage occurs. Most valve recon-
struction procedures are performed on the mitral 
valve. Compared with mitral valve replacement, 
reconstruction eliminates the need for long-term 
anticoagulation, decreases the risks for thrombo-
embolism and endocarditis, decreases the need for 
reoperation, and increases survival. However, for 
aortic valve disorders, most attempts at reconstruc-
tion have not been successful.

Although not indicated for patients with severe 
mitral stenosis, commissurotomy may be effective 
for patients with moderate stenosis with minimal 
calcifi cation. During commissurotomy, the fused 
commissures are surgically divided. This procedure 
improves leafl et mobility and increases the mitral 
valve area, decreasing the degree of stenosis.

B O X  1 4 - 1 0   Advantages and Disadvantages 
of Prosthetic Cardiac Valves

Mechanical Valves
• Good long-term durability
• Adequate hemodynamics
• High risk for thromboembolism requires long-term 

anticoagulation
• Increased risk for bleeding complications

Biological Valves
• Poor long-term durability
• Better hemodynamics than mechanical valves 

(except in small sizes)
• No hemolysis
• Low incidence of thromboembolism; possibly no 

need for anticoagulation
• Fewer bleeding complications
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worse by breathing deeply or lying supine. Because 
of the pain associated with breathing, patients fre-
quently complain of dyspnea. Relief is often obtained 
by sitting up, leaning forward, and taking shallow 
breaths. The chest pain of pericarditis can be dis-
tinguished from ischemic chest pain by its quality 
(sharp, as opposed to a feeling of heaviness) and the 
fact that it can be relieved by changing position.

The patient may have general symptoms of an 
infection (eg, low-grade fever, chills, tachycardia, 
malaise). The presence of a pericardial friction rub 
confi rms the diagnosis; however, absence of a rub 
does not rule out pericarditis. The rub may wax and 
wane and may even transiently disappear during the 
course of the illness.

The 12 lead ECG is the most important test in 
establishing acute pericarditis.27 It shows diffuse 
ST-segment elevation with an upward concavity and 
PR-segment depression in all leads (Fig. 14-7). This 
contrasts with the ECG seen in acute myocardial injury, 
which typically shows upward convexity (as opposed 
to concavity) in only the leads facing the injured area 
(Fig. 14-8).27–29 Laboratory tests include complete 
blood count, cardiac enzymes (which may be ele-
vated if the infl ammation extends to the myocar-
dium), rheumatoid factors, and antinuclear antibody 
titers. Blood cultures may be indicated if there is evi-
dence of infection. Viral studies may be obtained if 
the rest of the diagnostic work-up is negative.

Management
Treatment goals for the patient with pericarditis are 
to relieve symptoms, eliminate any possible caus-
ative agents, and monitor for complications such as 
constrictive pericarditis or pericardial effusions that 
could lead to cardiac tamponade.24,29 Symptom relief 
includes the use of NSAIDs. Steroids may be indicated 
in resistant cases in which infectious causes have 
been excluded. Anticoagulants should be avoided in 
the patient recovering from myocardial infarction. 
Most episodes of pericarditis abate over 2 to 6 weeks. 
Rarely do patients experience recurrent episodes.

disease or occur secondary to another disorder, such 
as acute myocardial infarction or renal failure.28,29 
Dressler’s syndrome (ie, the development of pericar-
ditis, malaise, fever, and elevated white blood cell 
count weeks to months after a myocardial infarc-
tion) is believed to be the result of an autoimmune 
reaction that occurs after the myocardial infarct.24 
Infectious pericarditis is common in immunocom-
promised patients.30

Repeated episodes of pericarditis can lead to 
the formation of adhesions between the layers of 
the pericardium or between the pericardium and 
adjacent structures, resulting in constrictive peri-
carditis.31 In constrictive pericarditis, diastolic fi ll-
ing is impaired because of the ventricle’s inability to 
expand, eventually leading to a decrease in cardiac 
output and systemic signs of heart failure. Even with 
successful surgical removal of the diseased pericar-
dium, the long-term survival rate is poor.27,31

Assessment
The primary symptom in acute pericarditis is chest 
pain.27,29 The pain tends to be pleuritic and is made 

B O X  1 4 - 1 1   Causes of Pericarditis

• Idiopathic (90% of patients, usually presumed to be 
viral)

• Infectious (bacterial, tubercular)
• Autoimmune or infl ammatory (eg, systemic lupus 

erythematosus, Dressler’s syndrome)
• Drugs
• Vaccinations
• Neoplasms
• Radiation therapy
• Device implantation (eg, implantable defi brillator)
• Acute myocardial infarction
• Trauma to the chest wall or myocardium, including 

cardiopulmonary surgery
• Chronic renal failure requiring dialysis

II

B
V2

A

A

V3III

F I G U R E  1 4 - 7  The 12-lead electrocardiogram (ECG) in acute pericarditis. Note the diffuse upward concavity ST 
changes (A) and the PR-segment depression (B).
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requires a positive endomyocardial biopsy.32,34 
However, lack of a positive biopsy does not rule out 
myocarditis.

Management
Myocarditis is a potentially lethal disease that often 
has no cure and may require heart transplantation. 
Although myocarditis evokes a severe infl ammatory 
response, treatment with corticosteroids or immu-
nosuppressive agents has not been shown to be effec-
tive in changing the clinical course.32,34 Treatment is 
largely supportive, and many of the skills needed by 
the nurse to care for a patient with myocarditis are 
similar to those needed to care for a patient with 
heart failure.

Endocarditis
Endocarditis is an infection of the endocardial sur-
face of the heart, including the valves, caused by 
bacterial, viral, or fungal agents.35,36 Infectious endo-
carditis is a serious illness associated with consid-
erable morbidity and mortality. Common causative 
organisms include streptococci, enterococci, and 
Staphylococcus aureus. Risk factors are summarized 
in Box 14-13.24,35–37

The development of infectious endocarditis is a 
complex process.24,35,37 First, there must be endothe-
lial damage that exposes the basement membrane 
of the valve to turbulent blood fl ow. Next, this expo-
sure, especially in patients in a hypercoagulable 
state, must lead to the development of a platelet and 
fi brin clot (vegetation) on the valve leafl et. These 
vegetations must be exposed to bacteria by way of 
the bloodstream, such as occurs after dental or uro-
logical procedures. Finally, bacterial proliferation 
must take place. The infected vegetation interferes 
with normal valve function and eventually damages 
the valve structure, leading to severe heart failure. 

Myocarditis
Myocarditis is an infl ammation of the myocar-
dium.24,32 Some episodes of myocarditis resolve 
without further sequelae. However, myocarditis can 
also evolve into a chronic, progressive disease with a 
poor prognosis. The disorder may result in dysrhyth-
mias or heart failure, and is recognized as a cause 
of sudden death in young athletes.33 Myocarditis is 
believed to be related to an acute infection or an 
autoimmune response to the infection. Potential 
causes, which can occur in any age group, are listed 
in Box 14-12.

Assessment
The clinical presentation of myocarditis is vari-
able. With viral myocarditis, there is typically a 
delay before the onset of cardiac manifestations 
(eg, heart failure, dysrhythmias).24,32 The presence 
of vague symptoms, such as fatigue, dyspnea, pal-
pitations, and precordial discomfort, accompanied 
by a slight rise in serum enzymes and nonspecifi c 
ST–T-wave changes on the ECG, may point to 
the diagnosis of myocarditis. Defi nitive diagnosis 

A B

F I G U R E  1 4 - 8  ST-segment changes seen in A: acute pericarditis and 
B: myocardial infarction.

B O X  1 4 - 1 2   Potential Causes of Myocarditis

Viruses
• Coxsackie virus
• Adenovirus
• HIV
• Infl uenza virus

Bacteria
• Clostridium species
• Corynebacterium diphtheriae
• Streptococci
• Spirochetes (Lyme disease)

Fungi
• Aspergillus species
• Candida species

Toxins
• Tricyclic antidepressants
• Phenothiazines

B O X  1 4 - 1 3   Risk Factors for Endocarditis

Native Valve Endocarditis
• Mitral valve prolapse
• Congenital heart disease
• Rheumatic heart disease
• Degenerative valve disease (such as aortic stenosis)
• Age greater than 60 years
• IV drug abuse

Prosthetic Valve Endocarditis

Early (Within 60 Days of Surgery)
• Nosocomial infections
• Indwelling catheters
• Endotracheal tubes

Late (After 60 Days)
• Dental, genitourinary, or gastrointestinal 

manipulations
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Particles from the infected vegetation or severely 
damaged valve can break loose and cause peripheral 
or cerebral emboli.24,35–37

Assessment
Clinical manifestations of endocarditis usually 
occur within 2 weeks of the precipitating infec-
tion and are related to four underlying processes: 
bacteremia or fungemia, valvulitis, immunologic 
response, and peripheral emboli (Box 14-14).35,38 
Fever and a new or changed heart murmur 
are present in almost all patients.35 Nonspecifi c 
symptoms (eg, general malaise, anorexia, fatigue, 
weight loss, night sweats) are common. A care-
ful history focusing on risk factors for infectious 
endocarditis and a physical examination are 
needed to alert the nurse to the potential diagnosis 
of endocarditis.24

Defi nitive diagnosis of infectious endocarditis 
includes persistent bacteremia caused by pathogens 
typically responsible for causing infectious endocar-
ditis and evidence of myocardial involvement (eg, 
echocardiographic visualization of a vegetation or a 
new or worsening murmur).39,40

Management
Rapid diagnosis of infectious endocarditis, initiation 
of appropriate treatment, and early identifi cation 
of complications are the keys to good patient out-
comes.24,38 Antibiotic therapy is based on the results 
of the cultures, the type of heart valve (ie, native or 
prosthetic), and the prevalence of drug-resistant 
bacteria.38 Treatment is usually with a prolonged 
course of antibiotics and should begin as soon as 
blood cultures are drawn, without waiting for 
identifi cation of the specifi c organism. Immediate 
surgical intervention is indicated in the presence 
of severe heart failure secondary to valve dysfunc-
tion, uncontrolled infections, and prosthetic valve 
dysfunction or dehiscence.
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B O X  1 4 - 1 4   Clinical Features of Endocarditis

• Fever
• Heart murmurs
• Splenomegaly
• Petechiae

Splinter hemorrhages
Osler’s nodes (small, raised, tender nodules that 

occur on the fi ngers or toes)
Janeway lesions (small erythematous or hemor-

rhagic lesions on the palms or soles)
• Musculoskeletal complaints
• Systemic or pulmonary emboli
• Neurological manifestations

Headache
Mycotic aneurysms

C A S E  S T U D Y

Mrs. K., a 68-year-old white woman, has been 
admitted to the critical care unit with shortness of 
breath at rest. Vital signs are BP, 218/100 mm Hg; 
HR, 110 beats/min; and RR, 38 breaths/min. She 
has run out of her antihypertensive medication for 
the fourth time this year and only came to the hos-
pital because of her breathing diffi culties.

On examination, Mrs. K. is pale and clammy 
sitting upright in a chair. She has bibasilar crackles 
to her scapulae, and her heart rhythm is irregularly 
irregular. She has pitting edema bilaterally to her 
thighs, jugular venous pulsation to the earlobe, and 
hepatojugular refl ux. A chest radiograph shows 
bilateral infi ltrates. An ECG shows a left ventricular 
ejection fraction of 78% with estimated pulmonary 
artery pressures of 50 to 55 mm Hg. Laboratory 
values are unremarkable.

On admission, Mrs. K. is started on lisinopril, 
5 mg orally once per day, and given 20 mg of IV 
furosemide. She is also given 5 mg of IV metoprolol 
× 3 over the fi rst 24 hours, which results in wors-
ened shortness of breath and frothy sputum. Blood 
gases show hypoxemia and hypercarbia. She is 
intubated and placed on a ventilator. Because of 
her worsening condition, a pulmonary catheter is 
inserted. Readings are right atrial pressure (RAP) 
26 mm Hg; pulmonary artery pressure 68/54 mm 
Hg; PAOP 36 mm Hg; and cardiac index 1.1 L/
min/m2. Shortly after the readings are taken, Mrs. 
K. has a cardiac arrest, from which she cannot be 
resuscitated.

1. Mrs. K. experienced fl uid overload and a hyper-
tensive emergency. What could the healthcare 
team have done differently in managing her 
hypertension and fl uid overload?

2. Based upon her presentation, physical assess-
ment and hemodynamic numbers, was Mrs. K. 
experiencing left- or right-sided failure, or both?

3. What role did atrial fi brillation play in Mrs. K.’s 
heart failure?
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C H A P T E R

FOUR

Based on the content in this chapter, the reader should be able to:

1 Describe the components of the history for respiratory assessment.
2 Explain the use of inspection, palpation, percussion, and auscultation for 

respiratory assessment.
3 Explain the components of an arterial blood gas and the normal values for 

each component.
4 Compare and contrast the arterial oxygen saturation and the partial pressure 

of oxygen dissolved in arterial blood.
5 Compare and contrast the causes, signs, and symptoms of respiratory 

acidosis, respiratory alkalosis, metabolic acidosis, and metabolic alkalosis.
6 Analyze examples of an arterial blood gas result.
7 Discuss the purpose of pulse oximetry, end-tidal carbon dioxide monitoring, 

and mixed venous oxygen saturation monitoring.
8 Discuss the purpose of respiratory diagnostic studies and associated nursing 

implications.

O B J E C T I V E S

15
Patient Assessment:
Respiratory System

Respiratory System
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History
Principal symptoms to investigate in more detail 
commonly include dyspnea, chest pain, sputum 
production (Table 15-1), and cough. Because smok-
ing has a signifi cant impact on the patient’s respi-
ratory health, the patient’s use of tobacco should 
be quantifi ed by amount and how long the patient 
has smoked. Elements of the respiratory history are 
summarized in Box 15-1. A pulmonary illness often 
results in the production (or a change in the produc-
tion) of sputum.

Physical Examination
High-quality physical assessments often provide 
information that can lead to the detection of compli-
cations or changes in the patient’s condition before 
information from laboratory and diagnostic studies 
is available.

A comprehensive pulmonary assessment allows 
the nurse to establish the patient’s baseline status 
and provides a framework for rapidly detecting 
changes in the patient’s condition.

TA B L E  1 5 - 1 Sputum Assessment

Sputum Appearance Signifi cance

Yellow, green, brown Bacterial infection
Clear, white Absence of infection
Yellow Possible allergies
Rust colored (yellow mixed with 

blood)
Possible tuberculosis

Mucoid, viscid, blood streaked Viral infection
Persistent, slightly blood 

streaked
Carcinoma

Clotted blood present Pulmonary infarct

B O X  1 5 - 1 Respiratory Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format; see Chapter 12, Box 12-1):

• Dyspnea, dyspnea on exertion
• Shortness of breath
• Chest pain
• Cough
• Sputum production and appearance
• Hemoptysis
• Wheezing
• Orthopnea
• Clubbing
• Cyanosis

Past Health History

• Relevant childhood illnesses and immunizations: 
whooping cough (pertussis), mumps, cystic fi brosis

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: streptococcal 
infection of the throat, upper respiratory infections, 
tonsillitis, bronchitis, sinus infection, emphysema, 
asthma, bronchiectasis, tuberculosis, cancer, pulmo-
nary hypertension, heart failure, musculoskeletal and 
neurological diseases affecting the respiratory system

• Risk factors: age, obesity, smoking, allergens
• Past surgeries: tonsillectomy, thoracic surgery, coro-

nary artery bypass grafting (CABG), cardiac valve 
surgery, aortic aneurysm surgery, trauma surgery, 
tracheostomy

• Past diagnostic tests and interventions: tuberculin 
skin test, allergy tests, pulmonary function tests, chest 
radiograph, computed tomography (CT) scan, mag-
netic resonance imaging (MRI), bronchoscopy, cardiac 

stress test, ventilation–perfusion scanning, pulmonary 
angiography, thoracentesis, sputum culture

• Medications, including prescription drugs, 
over-the-counter drugs, vitamins, herbs, and 
supplements: oxygen, bronchodilators, antitussives, 
expectorants, mucolytics, anti-infectives, antihista-
mines, methylxanthine agents, anti-infl ammatory 
agents

• Allergies and reactions to medications, foods, con-
trast dye, latex, or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and 
siblings: tuberculosis, cystic fi brosis, emphysema, 
asthma, malignancy

Personal and Social History

• Tobacco, alcohol, and substance use
• Environment: exposure to asbestos, chemicals, coal 

dust, allergens; type of heating and ventilation system
• Diet
• Sleep patterns: use of pillows
• Exercise

Review of Other Systems

• HEENT: strep throat, sinus infections, ear infection, 
deviated nasal septum, tonsillitis

• Cardiac: heart failure, dysrhythmias, coronary artery 
disease (CAD), valvular disease, hypertension

• Gastrointestinal: weight loss, nausea, vomiting
• Neuromuscular: Guillain–Barré syndrome, myasthe-

nia gravis, amyotrophic lateral sclerosis, weakness
• Musculoskeletal: scoliosis, kyphosis
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• Clubbing of the fi ngers (see Chapter 30, Fig. 30-2) 
is seen in many patients with respiratory and car-
diovascular diseases, especially chronic hypoxia.

Palpation
In addition to observing expansion of the chest 
wall, the nurse palpates chest expansion by posi-
tioning the thumbs on the patient’s back, at the 
level of the 10th rib, and observing the divergence 
of the thumbs caused by the patient’s breathing. 
Expansion of the chest wall should be symmetrical 
(see Box 15-3).

To assess tactile fremitus (the ability to feel sound 
on the chest wall), the nurse asks the patient to say 
“ninety-nine” while palpating the posterior sur-
faces of the chest wall. Tactile fremitus is slightly 
increased by the presence of solid substances, such 
as the consolidation of a lung due to pneumonia, 
pulmonary edema, or pulmonary hemorrhage. 
Conditions that result in greater air volume in the 
lung (eg, emphysema) are associated with decreased 
or absent tactile fremitus, because air does not con-
duct sound well.

The nurse palpates for subcutaneous emphy-
sema by moving the fi ngers in a gentle rolling 
motion across the chest and neck to feel pockets of 
air underneath the skin. Subcutaneous emphysema 
may result from a pneumothorax or small pockets 
of alveoli that have burst with increased pulmo-
nary pressure, (eg, PEEP). In severe cases, the sub-
cutaneous emphysema may spread throughout the 
body.

Finally, the nurse palpates the position of the tra-
chea. Pleural effusion, hemothorax, pneumothorax, 
or a tension pneumothorax can cause the trachea to 
move away from the affected side. Atelectasis, fi bro-
sis, tumors, and phrenic nerve paralysis often pull 
the trachea toward the affected side.

Inspection
Inspection of the patient involves checking for the 
presence or absence of several factors (Box 15-2).

• Central cyanosis (blueness of the tongue or lips) 
usually means the patient has low oxygen ten-
sion. The presence of cyanosis is a late and often 
ominous sign. Cyanosis is diffi cult to detect in a 
patient with anemia. A patient with polycythe-
mia may have cyanosis even if oxygen tension is 
normal.

• Labored breathing is an important marker of 
respiratory distress. As part of the inspection, the 
nurse determines whether the patient is using the 
accessory muscles of respiration (the scalene and 
sternocleidomastoid muscles). Intercostal retrac-
tions (inward movement of the muscles between 
the ribs) suggest that the patient is making a larger 
effort at inspiration than normal. The nurse also 
observes the patient for use of the abdominal mus-
cles during the usually passive expiratory phase. 
Sometimes, the number of words a patient can say 
before having to gasp for another breath is a good 
measure of the degree of labored breathing.

• Respiratory rate, depth, and pattern. These are 
important parameters to follow and may be indica-
tors of the underlying disease process (Table 15-2).

• Anterior–posterior diameter of the chest. 
The size of the chest from front to back may be 
increased in patients with obstructive pulmonary 
disease (due to overexpansion of the lungs) and in 
patients with kyphosis.

• Chest deformities and scars (eg, kyphoscoliosis 
or fl ail chest from trauma) are important in help-
ing to determine the reason for respiratory distress.

• Chest expansion is important to note. Causes of 
abnormal chest expansion are listed in Box 15-3. 
Asynchronous respiratory effort often precedes 
the need for ventilatory support.

B O X  1 5 - 2   Components of the Inspection Process in the Physical Assessment of the Respiratory 
System

General
• Mentation
• Anxiety level
• Speech
• Skin color (pallor, cyanosis)
• Weight (obese, malnourished)
• Body position (leaning forward, arms elevated)

Thorax
• Symmetry of thorax
• Anterior–posterior diameter (should be less than 

transverse by at least half)
• Rate, pattern, rhythm, and duration of breathing
• Use of accessory muscles

• Synchrony of chest and abdomen movement
• Alignment of spine

Head and Neck
• Nasal fl aring
• Pursed-lip breathing
• Mouth breathing versus nasal breathing
• Use of neck and shoulders
• Tracheal position
• Central cyanosis

Extremities
• Clubbing
• Edema
• Peripheral cyanosis
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TA B L E  1 5 - 2 Respiration Patterns

Type Description Pattern Clinical Signifi cance

Normal 12–20 breaths/min and 
regular

Normal breathing pattern

Tachypnea Greater than 24 breaths/
min and shallow

May be a normal response to fever, 
anxiety, or exercise

Can occur with respiratory insuffi ciency, 
alkalosis, pneumonia, or pleurisy

Bradypnea Less than 10 breaths/min 
and regular

May be normal in well-conditioned 
athletes

Can occur with medication-induced 
depression of the respiratory center, 
diabetic coma, neurologic damage

Hyperventilation Increased rate and 
increased depth

Extreme exercise, fear, or anxiety; central 
nervous system (CNS) disorders; 
compensation for acidosis (eg, 
salicylate overdose)

Kussmaul’s 
respiration

Rapid, deep, labored Associated with diabetic ketoacidosis

Hypoventilation Decreased rate, decreased 
depth, irregular pattern

Usually associated with overdose of 
narcotics or anesthetics

Cheyne–Stokes 
respiration

Regular pattern 
characterized by 
alternating periods of 
deep, rapid breathing 
followed by periods of 
apnea

May result from severe heart failure, 
drug overdose, increased intracranial 
pressure (ICP) stroke, or renal failure

May be noted in elderly people during 
sleep, not related to any disease 
process

Biot’s 
respiration

Irregular pattern 
characterized by varying 
depth and rate of 
respirations followed by 
periods of apnea

May be seen with meningitis or severe 
brain damage

Ataxic Signifi cant disorganization 
with irregular and 
varying depths of 
respiration

A more extreme expression of Biot’s 
respirations; indicates respiratory 
compromise and elevated ICP

Air trapping Increasing diffi culty in 
getting breath out

Seen in chronic obstructive pulmonary 
disease (COPD) when air is trapped 
in the lungs during forced expiration

B O X  1 5 - 3   Abnormal Chest Expansion

Unilateral diminished expansion

• Atelectasis
• Endotracheal or nasotracheal tube positioned in 

right mainstream bronchi
• Collapsed lung
• Pulmonary embolus
• Lobar pneumonia
• Pleural effusion
• Pneumothorax
• Rib fracture

Asynchronous expansion

• Flail chest

Percussion
Percussion of the chest normally produces a reso-
nant or hollow note. In diseases in which there is 
increased air in the chest or lungs (eg, pneumotho-
rax, emphysema), percussion notes may be hyper-
resonant. A fl at percussion note is more likely to 
be heard if a large pleural effusion is present in the 
lung beneath the examining hand. A dull percussion 
note is heard if atelectasis or consolidation is pres-
ent. Asthma or a large pneumothorax can result in a 
tympanic drum-like sound.

Auscultation
In general, four types of breath sounds are heard 
in the normal chest (Table 15-3). Bronchial breath 
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that have a shrill quality. They are caused by the 
movement of air through a narrowed or partially 
obstructed airway, such as in asthma, chronic 
obstructive pulmonary disease (COPD), or bron-
chitis. Rhonchi are deep, low-pitched rumbling 
noises. The presence of rhonchi indicates the pres-
ence of secretions in the large airways, such as 
occurs with acute respiratory distress syndrome 
(ARDS).

• Friction rubs are crackling, grating sounds heard 
more often with inspiration than expiration. A 
friction rub can be heard with pleural effusion, 
pneumothorax, or pleurisy. It is important to dis-
tinguish a pleural friction rub from a pericardial 
friction rub. (A pericardial friction rub is a high-
pitched, rasping, scratchy sound that varies with 
the cardiac cycle.)

The Older Patient. In elderly people, anatomical 
and physiological changes associated with aging 
may manifest in different assessment fi ndings, 
including increased hyperresonance (caused by 
increased distensibility of the lungs), decreased 
chest wall expansion, decreased use of respiratory 
muscles, increased use of accessory muscles 
(secondary to calcifi cation of rib articulations), less 
subcutaneous tissue, possible pronounced dorsal 
curvature, and basilar crackles in the absence of 
disease (these should clear after a few coughs). Also 
be aware that older people may have a decreased 
ability to hold their breath during the examination.

Respiratory Monitoring
Arterial Blood Gases
Arterial blood gas (ABG) assessment involves analyz-
ing a sample of arterial blood to determine the quality 

sounds are abnormal when heard over lung tissue 
and indicate fl uid accumulation or consolidation 
of the lung (eg, as a result of pneumonia or pleural 
effusion). Bronchial breath sounds are associated 
with egophony and whispered pectoriloquy:

• Egophony (distorted voice sounds) occurs in the 
presence of consolidation and is detected by ask-
ing the patient to say “E” while the nurse listens 
with a stethoscope. In egophony, the nurse will 
hear an “A” sound rather than an “E” sound.

• Whispered pectoriloquy is the presence of loud, 
clear sounds heard through the stethoscope when 
the patient whispers. Normally, the whispered 
voice is heard faintly and indistinctly through the 
stethoscope. The increased transmission of voice 
sounds indicates the presence of fl uid in the lungs.

Adventitious sounds are additional breath sounds 
heard with auscultation and include discontinuous 
sounds, continuous sounds, and friction rubs:

• Discontinuous sounds are brief, nonmusical, 
intermittent sounds and include fi ne and coarse 
crackles. When assessing crackles, the nurse notes 
their loudness, pitch, duration, amount, location, 
and timing in the respiratory cycle. Fine crackles are 
soft, high-pitched, very brief popping sounds that 
occur most commonly during inspiration. These 
result from fl uid in the airways or alveoli, or from 
the opening of collapsed alveoli. Restrictive pul-
monary disease results in fi ne crackles during late 
inspiration, whereas obstructive pulmonary disease 
results in fi ne crackles during early inspiration. 
Crackles become coarser as the air moves through 
larger fl uid accumulations, such as in bronchitis or 
pneumonia. Crackles that clear with coughing are 
not associated with signifi cant pulmonary disease.

• Continuous sounds include wheezes and rhon-
chi. Wheezes are high-pitched musical sounds 

TA B L E  1 5 - 3 Characteristics of Breath Sounds

Duration of Sounds
Intensity of 
Expiratory Sound

Pitch of 
Expiratory Sound

Locations Where Heard 
Normally

Vesiculara Inspiratory sounds last 
longer than expiratory 
ones.

Soft Relatively low Over most of both lungs

Bronchovesicular Inspiratory and expiratory 
sounds are about 
equal.

Intermediate Intermediate Often in the fi rst and second 
interspaces anteriorly and 
between the scapulae

Bronchial Expiratory sounds last 
longer than inspiratory 
ones.

Loud Relatively high Over the manubrium, if 
heard at all

Tracheal Inspiratory and expiratory 
sounds are about 
equal.

Very loud Relatively high Over the trachea in the neck

aThe thickness of the bars indicates intensity; the steeper their incline, the higher the pitch. From Bickley LS: 
Bates’ Guide to Physical Examination and History Taking, 10th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2009, p 303.
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Measuring pH in the Blood
The normal blood pH is 7.35 to 7.45. Box 15-5 
reviews terms used in acid–base balance. An acid–
base disorder may be either respiratory or meta-
bolic in origin (Table 15-4). If the respiratory system 
is responsible, serum carbon dioxide levels are 
affected, and if the metabolic system is responsible, 
serum bicarbonate levels are affected (see Table 
15-4). Occasionally, patients present with both respi-
ratory and metabolic disorders that together cause 
an acidemia or alkalemia. When this occurs, the 
ABG refl ects a mixed respiratory and metabolic aci-
dosis. Examples of ABG values in mixed disorders 
are given in Box 15-6.

Interpreting Arterial Blood Gas Results
When interpreting ABG results, three factors must 
be considered: oxygenation status, acid–base 
 balance, and degree of compensation (Box 15-7). 
If the patient presents with alkalemia or acide-
mia, it is important to determine whether the 
body has tried to compensate for the abnormality. 
The respiratory system responds to metabolic-
based pH imbalances by increasing the respi-
ratory rate and depth (metabolic acidosis) or 
decreasing the respiratory rate and depth (meta-
bolic alkalosis). The renal system responds to 
respiratory-based pH imbalances by increasing 
hydrogen secretion and bicarbonate reabsorp-
tion (respiratory  acidosis) or decreasing hydrogen 
secretion and bicarbonate reabsorption (respira-
tory alkalosis).

ABGs are defi ned by their degree of compensa-
tion: uncompensated, partially compensated, or 
completely compensated. To determine the level of 
compensation, the nurse examines the pH, carbon 
dioxide, and bicarbonate values to evaluate whether 
the opposite system (renal or respiratory) has 
worked to try to shift back toward a normal pH. The 
primary abnormality (metabolic or respiratory) is 
correlated with the abnormal pH (acidotic or alka-
lotic). The secondary abnormality is an attempt to 
correct the primary disorder. By using the rules for 
defi ning compensation in Box 15-8, it is possible to 
determine the compensatory status of the patient’s 
ABGs.

and extent of pulmonary gas exchange and acid–base 
status. Normal ABG values are given in Box 15-4.

Measuring Oxygen in the Blood
Oxygen is carried in the blood in two ways. 
Approximately 3% of oxygen is dissolved in the 
plasma (PaO2). The normal PaO2 is 80 to 100 mm 
Hg at sea level. For people living at higher altitudes, 
the normal PaO2 is lower because of the lower baro-
metric pressure. The remaining 97% of oxygen is 
attached to hemoglobin in red blood cells (SaO2). 
The normal SaO2 ranges from 93% to 99%. SaO2 is an 
important oxygenation value to assess because most 
oxygen supplied to tissues is carried by hemoglobin.

The Older Patient. PaO2 tends to decrease with 
age. For patients who are 60 to 80 years of age, a 
PaO2 of 60 to 80 mm Hg is normal.1

The relationship between PaO2 and SaO2 is depicted 
by the oxyhemoglobin dissociation curve (Fig. 15-1). 
At a PaO2 greater than 60 mm Hg, large changes in 
the PaO2 result in only small changes in the SaO2. 
However, at a PaO2 of less than 60 mm Hg, the curve 
drops sharply, signifying that a small decrease in PaO2 
is associated with a large decrease in SaO2. Factors 
such as pH, carbon dioxide concentration, tempera-
ture, and levels of 2,3-diphosphoglycerate (2,3-DPG) 
infl uence hemoglobin’s affi nity for oxygen and can 
cause the curve to shift to the left or to the right (see 
Fig. 15-1). When the curve shifts to the right, there is 
a reduced capacity for hemoglobin to hold onto oxy-
gen, resulting in more oxygen released to the tissues. 
When the curve shifts to the left, there is an increased 
capacity for hemoglobin to hold oxygen, resulting in 
less oxygen released to the tissues.

B O X  1 5 - 4   Normal Arterial Blood Gas (ABG) 
Values

PaO2: 80 to 100 mm Hg
SaO2: 93% to 99%
pH: 7.35 to 7.45
PaCO2: 35 to 45 mm Hg
HCO3: 22 to 26 mEq/L
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F I G U R E  1 5 - 1  The oxyhemoglobin dis-
sociation curve is a graphic depiction 
of the relationship between oxyhemo-
globin saturation (the percentage of 
hemoglobin combined with oxygen, or 
the SaO2) and the arterial oxygen ten-
sion (PaO2) to which it is exposed.
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B O X  1 5 - 5   Acid–Base Terminology

Acid: A substance that can donate hydrogen ions (H+). 
Example: H2CO3 (an acid) → H+ + HCO3

Base: A substance that can accept hydrogen ions (H+). 
Example: HCO3 (a base) + H+ → H2CO3

Acidemia: Acid condition of the blood in which the 
pH is less than 7.35
Alkalemia: Alkaline condition of the blood in which 
the pH is greater than 7.45
Acidosis: The process causing acidemia
Alkalosis: The process causing alkalemia

TA B L E  1 5 - 4 Possible Causes and Signs and Symptoms of Acid–Base Disorders

Condition Possible Causes Signs and Symptoms

Respiratory Acidosis Inadequate elimination of CO2 by lungs
PaCO2 greater than 45 mm Hg
pH less than 7.35

Central nervous system (CNS) depression
Head trauma
Oversedation
Anesthesia
High cord injury
Pneumothorax
Hypoventilation
Bronchial obstruction and atelectasis
Severe pulmonary infections
Heart failure and pulmonary edema
Massive pulmonary embolus
Myasthenia gravis
Multiple sclerosis

Dyspnea
Restlessness
Headache
Tachycardia
Confusion
Lethargy
Dysrhythmias
Respiratory distress
Drowsiness
Decreased responsiveness

Respiratory Alkalosis Excessive elimination of CO2 by the lungs
PaCO2 less than 35 mm Hg
pH greater than 7.45

Anxiety and nervousness
Fear
Pain
Hyperventilation
Fever
Thyrotoxicosis
CNS lesions
Salicylates
Gram-negative septicemia
Pregnancy

Light-headedness
Confusion
Decreased concentration
Paresthesias
Tetanic spasms in the arms and legs
Cardiac dysrhythmias
Palpitations
Sweating
Dry mouth
Blurred vision

Metabolic Acidosis Increased acids
HCO3 less than 22 mEq/L
pH less than 7.35

Renal failure
Ketoacidosis
Anaerobic metabolism
Starvation
Salicylate intoxication
Loss of base
Diarrhea
Intestinal fi stulas

Headache
Confusion
Restlessness
Lethargy
Weakness
Stupor/coma
Kussmaul’s respirations
Nausea and vomiting
Dysrhythmias
Warm, fl ushed skin

Metabolic Alkalosis Gain of base
HCO3 greater than 26 mEq/L
pH greater than 7.45

Muscle twitching and cramps
Excess use of bicarbonate
Lactate administration in dialysis
Excess ingestion of antacids
Loss of acids
Vomiting
Nasogastric suctioning
Hypokalemia
Hypochloremia
Administration of diuretics
Increased levels of aldosterone

Tetany
Dizziness
Lethargy
Weakness
Disorientation
Convulsions
Coma
Nausea and vomiting
Depressed respiration

B O X  1 5 - 6   Arterial Blood Gases (ABGs) in 
Mixed Respiratory and Metabolic 
Disorders

Mixed Acidosis Mixed Alkalosis

pH: 7.25 pH: 7.55
PaCO2: 56 mm Hg PaCO2: 26 mm Hg
HCO3: 15 mEq/L HCO3: 28 mEq/L
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a fi nger, ear lobe, or forehead. The value displayed 
by the oximeter is an average of numerous read-
ings taken over a 3- to 10-second period. Oximetry 
is not used in place of ABG monitoring. Rather, 
pulse oximetry is used to assess trends in oxygen 
saturation when the correlation between arte-
rial blood and pulse oximetry readings has been 
established.

Pulse Oximetry
The SpO2 is the arterial oxygen saturation of hemo-
globin as measured by pulse oximetry. In pulse 
oximetry, light-emitting and light-receiving sen-
sors quantify the amount of light absorbed by oxy-
genated/deoxygenated hemoglobin in the arterial 
blood. Usually, the sensors are in a clip placed on 

B O X  1 5 - 7   Interpretation of Arterial Blood Gas (ABG) Results

Approach
1. Evaluate oxygenation by examining the PaO2 and the 

SaO2.
2. Evaluate the pH. Is it acidotic, alkalotic, or normal?
3. Evaluate the PaCO2. Is it high, low, or normal?
4. Evaluate the HCO3. Is it high, low, or normal?
5. Determine whether compensation is occurring. Is it 

complete, partial, or uncompensated?

Examples

Sample blood gas

PaO2 80 mm Hg Normal
SaO2 95% Normal
Ph 7.30 Acidemia
PaCO2 55 mm Hg Increased (respiratory 

cause)
HCO3 25 mEq/L Normal

Conclusion: Respiratory acidosis (uncompensated)

Sample blood gas

PaO2 85 mm Hg Normal
SaO2 90% Low
pH 7.49 Alkalemia
PaCO2 40 Normal
HCO3 29 mEq/L Increased (metabolic 

cause)

Conclusion: Metabolic alkalosis with a low saturation 
(uncompensated)

B O X  1 5 - 8   Compensatory Status of Arterial Blood Gases (ABGs)

Uncompensated: pH is abnormal, and either the CO2 or 
HCO3 is also abnormal. There is no indication that the 
opposite system has tried to correct for the other.

In the example below, the patient’s pH is alkalotic 
as a result of the low (below the normal range of 35 to 
45 mm Hg) CO2 concentration. The renal system value 
(HCO3) has not moved out its normal range (22 to 26 
mEq/L) to compensate for the primary respiratory 
disorder.

PaO2 94 mm Hg Normal
pH 7.52 Alkalotic
PaCO2 25 mm Hg Decreased
HCO3 24 mEq/L Normal

Partially compensated: pH is abnormal, and both the 
CO2 and HCO3 are also abnormal; this indicates that 
one system has attempted to correct for the other but 
has not been completely successful.

In the example below, the patient’s pH remains alka-
lotic as a result of the low CO2 concentration. The renal 
system value (HCO3) has moved out its normal range 
(22 to 26 mEq/L) to compensate for the primary respi-
ratory disorder but has not been able to bring the pH 
back within the normal range.

PaO2 94 mm Hg Normal
pH 7.48 Alkalotic
PaCO2 25 mm Hg Decreased
HCO3 20 mEq/L Decreased

Completely compensated: pH is normal and both the 
CO2 and HCO3 are abnormal; the normal pH indicates 
that one system has been able to compensate for the 
other.

In the example below, the patient’s pH is normal 
but is tending toward alkalosis (greater than 7.40). The 
primary abnormality is respiratory because the PaCO2 
is low (decreased acid concentration). The bicarbon-
ate value of 18 mEq/L refl ects decreased concentration 
of base and is associated with acidosis, not alkalosis. 
In this case, the decreased bicarbonate has completely 
compensated for the respiratory alkalosis.

PaO2 94 mm Hg Normal
pH 7.44 Normal, tending toward 

alkalosis
PaCO2 25 mm Hg Decreased, primary problem
HcO3 18 mEq/L Decreased, compensatory 

response
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ETCO2 is the value generated at the very end of 
exhalation, indicating the amount of carbon diox-
ide exhaled from the least ventilated alveoli.

4. The fourth phase is the inspiratory downstroke. The 
downward defl ection of the waveform is caused by 
the washout of carbon dioxide that occurs in the 
presence of the oxygen infl ux during inspiration.

Mixed Venous Oxygen Saturation
Mixed venous oxygen saturation (SvO2) is a parame-
ter that is measured to evaluate the balance between 
oxygen supply and oxygen demand. SvO2 indicates 
the adequacy of the supply of oxygen relative to the 
demand for oxygen at the tissue levels. Normal SvO2 
is 60% to 80%; this means that supply of oxygen to 
the tissues is adequate to meet the tissue’s demand. 
However, a normal value does not indicate whether 
compensatory mechanisms were needed to main-
tain the balance. For example, in some patients, an 
increase in cardiac output is needed to compensate 
for a low supply of oxygen.

A pulmonary artery catheter (PAC) with an oxim-
eter built into its tip that allows continuous monitor-
ing of SvO2 provides ongoing assessment of oxygen 
supply and demand imbalances. If a catheter with 
a built-in oximeter is not available, a blood sample 
drawn from the pulmonary artery port of a PAC can 
be sent to the laboratory for blood gas and SvO2 
analysis.

A low SvO2 value may be caused by a decrease in 
oxygen supply to the tissues or an increase in oxygen 
use due to a high demand (Table 15-5). A decrease 
in SvO2 often occurs before other hemodynamic 
changes and therefore is an excellent clinical tool 
in the assessment and management of critically ill 
patients. Elevated SvO2 values are associated with 
increased delivery of oxygen or with decreased 
demand (see Table 15-5).

Respiratory Diagnostic Studies
Pulmonary function tests measure the ability of the 
chest and lungs to move air into and out of the alve-
oli. Pulmonary function tests include volume mea-
surements, capacity measurements, and dynamic 
measurements (Table 15-6):

• Volume measurements show the amount of air 
contained in the lungs during various parts of the 
respiratory cycle.

• Capacity measurements quantify part of the pul-
monary cycle.

• Dynamic measurements provide data about air-
way resistance and the energy expended in breath-
ing (work of breathing).

These measurements are infl uenced by exercise, dis-
ease, age, gender, body size, and posture.

Other diagnostic studies that are often used to 
evaluate the respiratory system are summarized in 
Table 15-7.

RED FLAG! Values obtained by pulse oximetry 
are unreliable in the presence of 
vasoconstricting medications, IV dyes, shock, 
cardiac arrest, severe anemia, and dyshemoglobins 
(eg, carboxyhemoglobin, methemoglobin).2

End-Tidal Carbon Dioxide Monitoring
End-tidal carbon dioxide (ETCO2) monitoring and 
capnography measures the level of carbon dioxide at 
the end of exhalation, when the percentage of car-
bon dioxide dissolved in the arterial blood (PaCO2) 
approximates the percentage of alveolar carbon diox-
ide (PACO2). Therefore, ETCO2 can be used to esti-
mate PaCO2. Although PaCO2 and ETCO2 values are 
similar, ETCO2 is usually lower than PaCO2 by 2 to 5 
mm Hg.3 The difference between PaCO2 and ETCO2 
(PaCO2–ETCO2 gradient) may be attributed to sev-
eral factors; pulmonary blood fl ow is the primary 
determinant.

ETCO2 values are obtained by analyzing samples 
of expired gas from an endotracheal tube, an oral 
airway, a nasopharyngeal airway, or a nasal cannula. 
Because ETCO2 provides continuous estimates of 
alveolar ventilation, it is useful for monitoring the 
patient during weaning from a ventilator, in cardio-
pulmonary resuscitation (CPR), and in endotracheal 
intubation.

On a capnogram, the waveform is composed of 
four phases, each one representing a specifi c part of 
the respiratory cycle (Fig. 15-2):

1. The fi rst phase is the baseline phase, which rep-
resents both the inspiratory phase and the very 
beginning of the expiratory phase, when carbon 
dioxide–free air in the anatomical dead space is 
exhaled. This value should be zero in a healthy adult.

2. The second phase is the expiratory upstroke, which 
represents the exhalation of carbon dioxide from 
the lungs. Any process that delays the delivery 
of carbon dioxide from the patient’s lungs to the 
detector (eg, COPD, bronchospasm, kinked venti-
lator tubing) prolongs the expiratory upstroke.

3. The third phase, the plateau phase, begins as car-
bon dioxide elimination rapidly continues and 
indicates the exhalation of alveolar gases. The 

End-tidal carbon dioxide
(ET CO  ) level

Plateau phase

Inspiration starts;
indicated by CO2 fall
(inspiratory downstroke
phase)

Baseline
phase

Expiration starts;
indicated by CO2 rise
(expiratory upstroke
phase)

2

m
m

 H
g

32

0

F I G U R E  1 5 - 2  Capnogram tracing.
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TA B L E  1 5 - 5 Possible Causes of Abnormalities in Mixed Venous Oxygen Saturation (SvO2)

Abnormality Possible Cause

Low SvO2 (less than 60%) Decreased oxygen supply
Low hematocrit from anemia or hemorrhage
Low arterial saturation and hypoxemia from lung disease, ventilation–perfusion 

mismatches
Low cardiac output from hypovolemia, heart failure, cardiogenic shock, myocardial 

infarction
Increased oxygen demand
Increased metabolic demand, such as hyperthermia, seizures, shivering, pain, anxiety, 

stress, strenuous exercise
High SvO2 (greater than 80%) Increased oxygen supply

Supplemental oxygen
Decreased oxygen demand
Anesthesia, hypothermia
Technical problems
False high reading because of wedged PAC
Fibrin clot at end of catheter
Decreased oxygen consumption
Sepsis

TA B L E  1 5 - 6 Volume Measurements, Capacity Measurements, and Dynamic Measurements

Term Used Symbol Description Remarks
Normal 
Values

Volume Measurements
Tidal volume VT Volume of air inhaled and exhaled 

with each breath
Tidal volume may vary with 

severe disease.
500 mL

Inspiratory reserve 
volume

IRV Maximum volume of air that can be 
inhaled after a normal inhalation

3000 mL

Expiratory reserve 
volume

ERV Maximum volume of air that can be 
exhaled forcibly after a normal 
exhalation

Expiratory reserve volume is 
decreased with restrictive 
disorders, such as obesity, 
ascites, and pregnancy.

1100 mL

Residual volume RV Volume of air remaining in the lungs 
after a maximum exhalation

Residual volume may be 
increased with obstructive 
diseases.

1200 mL

Capacity Measurements
Vital capacity VC Maximum volume of air exhaled from 

the point of maximum inspiration
Decrease in vital capacity 

may be found in 
neuromuscular disease, 
generalized fatigue, 
atelectasis, pulmonary 
edema, and chronic 
obstructive pulmonary 
disease (COPD), asthma.

4600 mL

Inspiratory capacity IC Maximum volume of air inhaled after 
normal expiration

Decrease in inspiratory 
capacity may indicate 
restrictive disease.

3500 mL

Functional residual 
capacity

FRC Volume of air remaining in lungs after 
a normal expiration

Functional residual capacity 
may be increased with 
COPD and decreased in 
acute respiratory distress 
syndrome (ARDS).

2300 mL

Total lung capacity TLC Volume of air in lungs after a 
maximum inspiration and equal to 
the sum of all four volumes (VT, 
IRV, ERV, RV)

Total lung capacity may be 
decreased with restrictive 
disease (atelectasis, 
pneumonia) and 
increased in COPD.

5800 mL
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TA B L E  1 5 - 6 Volume Measurements, Capacity Measurements, and Dynamic Measurements (continued)

Term Used Symbol Description Remarks
Normal 
Values

Dynamic Measurements
Respiratory rate 

(frequency)
f Number of breaths per minute 15 breaths/min

Minute volume 
(minute ventilation)

Volume of air inhaled and exhaled per 
minute; equal to VT × f

7500 mL/min

Dead space VD The part of the tidal volume that does 
not participate in alveolar gas 
exchange; equal to the air contained 
in the airways (anatomical dead 
space) plus the alveolar air that 
is not involved in gas exchange 
(alveolar dead space); calculated as 
PACO2 − PaCO2

Alveolar dead space occurs 
only in disease states 
(eg, pulmonary embolism, 
pulmonary hypertension)

Anatomic plus alveolar dead 
space is physiologic dead 
space

Less than 40% 
of the VT

Alveolar ventilation V̇A The part of the tidal volume that does 
participate in alveolar gas exchange; 
calculated as (VT − VD) × f

A measure of ventilatory 
effectiveness

4500 mL/min

TA B L E  1 5 - 7 Respiratory Diagnostic Studies

Test and Purpose Method of Testing Nursing Implications

Chest Radiography

Used to assess anatomical 
and physiological 
features of the 
chest and to detect 
pathological processes.

X-rays pass through chest wall, making 
it possible to visualize structures. 
Bones appear as opaque or white; 
heart and blood vessels appear as 
gray; lungs fi lled with air appear 
black; lungs with fl uid appear white.

• Test can be done at the bedside or in the 
diagnostic center.

• Nurse may be asked to help position the patient 
and ensure that the patient takes a deep breath 
during the test.

Ventilation–Perfusion 
Scanning

A nuclear imaging test 
used to evaluate a 
suspected alteration 
in the ventilation–
perfusion relationship in 
the lung.

To test ventilation, the patient inhales 
radioactive gas. Diminished areas of 
ventilation are visible on the scan. 
To test perfusion, a radioisotope 
is injected intravenously, enabling 
visualization of the blood supply 
to the lungs. When a pulmonary 
embolus is present, the blood supply 
beyond the embolus is restricted.

• Test is done in a diagnostic center.
• The nurse may need to calm the patient’s 

feeling of claustrophobia due to face mask.
• Check for post–procedure allergic reaction.

Bronchoscopy

Used to examine 
lung tissue, collect 
secretions, determine 
the extent and location 
of a pathologic process, 
and obtain a biopsy.

The larynx, trachea, and bronchi are 
visualized through a fi beroptic 
bronchoscope.

• The patient often receives sedation or 
analgesia before the procedure.

• Postprocedure complications may include 
laryngospasm, fever, hemodynamic changes, 
cardiac dysrhythmias, pneumothorax, 
hemorrhage, or cardiopulmonary arrest.

Thoracentesis

Used to remove air, fl uid, 
or both from the chest; 
to obtain specimens for 
diagnostic evaluation; or 
instill medications.

With the patient placed in an upright or 
sitting position, a needle is placed 
into the pleural space. A local 
anesthetic is used at the site to 
reduce pain.

• Before the test, chest radiograph, coagulation 
studies, and patient education are done; 
antianxiety medication may be given.

• During the procedure, the nurse helps the 
patient remain in a position with the arms and 
shoulders raised (to facilitate needle insertion 
between the ribs) and monitors the patient’s 
comfort, anxiety, and respiratory status.

• Postprocedure complications may include 
pneumothorax, pain, hypotension, and 
pulmonary edema.

(continued on page 218)
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TA B L E  1 5 - 7 Respiratory Diagnostic Studies (continued)

Test and Purpose Method of Testing Nursing Implications

Sputum Culture

Used to identify specifi c 
microorganisms and 
their corresponding 
drug sensitivity.

The patient is asked to cough up 
sputum from the lungs.

• The nurse instructs the patient not to place 
saliva in the container but instead cough up 
sputum from the lungs.

Pulmonary Angiography

Used to visualize the 
pulmonary vasculature.

A radiopaque contrast material is 
injected into one or both arms, the 
femoral vein, or a catheter placed 
in the pulmonary artery. Positive 
test is indicated by impaired fl ow of 
substance through narrowed vessel 
or by abrupt cessation of fl ow.

• The nurse monitors the patient’s pulse, blood 
pressure, and breathing during test.

• Possible complications include allergic reaction 
to dye, pulmonary embolus, and abnormal 
cardiac rhythm.

Spiral Computed 
Tomography (CT)

Used to screen for tumors, 
pulmonary embolism, 
and abdominal aortic 
aneurysm.

Continuously rotating x-rays send 
images to a computer to create a 3D 
composite image.

• Test is done in a diagnostic center.
• The nurse monitors for claustrophobia and 

administers a mild sedative if necessary.

R e f e r e n c e s
 1. Miller RD, et al: Chapter 71: Geriatrics: Pulmonary changes. 

In Miller’s Anesthesia, 7th edition. Churchill Livingstone, 
2009

 2. Wilson B, et al: The accuracy of pulse oximetry in emer-
gency department: patients with severe sepsis and septic 
shock. BMC Emerg Med 10:9, 2010

 3. Respiratory Care. In Best Practices: Evidence-Based Nursing 
Procedures, 2nd ed. Lippincott Williams & Wilkins, 2007, 
p. 298–302

C A S E  S T U D Y

Mr. J. is a 75-year-old man who has been 
admitted to the cardiac care unit with a diagnosis of 
exacerbated heart failure. He has a history of two 
myocardial infarctions and underwent a triple coro-
nary artery bypass graft 4 years ago.

On admission to the unit, Mr. J. is profoundly short 
of breath, restless, and tachycardic. His daughter, who 
accompanied him to the hospital, reports that Mr. J. is 
uncharacteristically confused. On physical examina-
tion, his vital signs are as follows: RR, 32 breaths/min; 
HR, 126 beats/min; and BP, 100/64 mm Hg. The nurse 
notes that Mr. J. is using accessory muscles for breath-
ing, and his jugular veins are visibly distended at 45 
degrees. Mr. J.’s mucous membranes are pale, and he 
has a Glasgow Coma Scale score of 14. On ausculta-
tion, the nurse hears coarse crackles in both bases 
with some audible expiratory wheezing. During assess-
ment of breath sounds, the nurse is able to clearly hear 
whispered sounds through the stethoscope. Arterial 
blood gases (ABGs) are PaO2, 68 mm Hg; PaCO2, 49 
mm Hg; HCO3, 29 mEq/L; and pH, 7.31.

1. What three fi ndings from Mr. J.’s assessment are 
consistent with a diagnosis of heart failure?

2. Describe some of the differences in respiratory 
assessment of the older patient.

3. What signs of respiratory distress are apparent, 
even before auscultating the lungs or obtaining 
arterial blood gas (ABG) results?

4. Why is Mr. J. tachypneic?

5. Why is the nurse able to hear whispered sounds 
clearly with the stethoscope? What is this condi-
tion called?

6. Interpret the ABG results. Is Mr. J. 
compensating?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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Bronchial Hygiene Therapy
Hospitalized patients are often not able to deep 
breathe, cough, or clear mucus effectively because 
of weakness, sedation, pain, or an artifi cial airway. 
Bronchial hygiene therapy (BHT) aims to improve 
ventilation and diffusion through secretion mobi-
lization and removal and through improved gas 
exchange.

BHT methods include coughing and deep breath-
ing, airway clearance adjunct therapies, chest phys-
iotherapy (CPT), and bronchodilator therapy. BHT 
methods are used individually or in combination, 
depending on the patient’s needs. Physical assess-
ment, chest radiography, and arterial blood gases 
(ABGs) are used to determine the need for BHT, the 
appropriate methods to use, and the effectiveness 
of these interventions. Incentive spirometry may be 

given before any of the BHT methods to promote 
mucus removal.

Coughing and Deep Breathing
The objectives of coughing and deep breathing are 
to promote lung expansion, mobilize secretions, and 
prevent the complications of retained secretions 
(atelectasis and pneumonia). Even if crackles or 
rhonchi are not auscultated, the nurse encourages 
the high risk patient to cough and deep breathe as a 
prophylactic measure every hour. These techniques 
are effective only if the patient is able to cooperate 
and has the strength to cough productively.

The nurse instructs the patient to sit upright, 
inhale maximally and cough, and then take a slow, 
deep breath and hold it for 2 to 3 seconds. Use 
of incentive spirometry along with coughing and 

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe various bronchial hygiene therapy (BHT) techniques and explain their 
role in preventing and treating pulmonary complications.

2 Describe the nursing assessment of patients on oxygen therapy.
3 Discuss nursing interventions necessary to prevent complications in a patient 

with a chest tube drainage system.
4 Describe nursing considerations specifi c to the major classes of drugs used to 

treat respiratory disorders.
5 List and defi ne types of surgeries that may be used to treat respiratory system 

disorders.
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deep-breathing exercises improves inhaled vol-
umes and prevents atelectasis. Effective incentive 
spirometry provides the patient with immediate 
visual feedback on the breath depth and encour-
ages the patient to increase breath volume. Ideally, 
the patient uses the incentive spirometer hourly 
while awake, completing 10 breaths each session 
followed by coughing and striving to progressively 
increase breath volumes.

Airway Clearance Adjunct Therapies
Airway clearance adjunct therapies may be use-
ful for patients who require mucus removal when 
coughing efforts are limited by a disease process, 
injury, or surgery.

• Autogenic drainage (“huff cough”). It is a breath-
ing technique frequently used by patients with cys-
tic fi brosis and other chronic pulmonary diseases 
associated with the production of large amounts 
of thick mucus. To practice the technique, the 
patient takes a series of controlled breaths, exhal-
ing with gentle huffs to unstick the mucus while at 
the same time suppressing the urge to cough.

• Oscillating positive expiratory pressure (PEP). 
An oscillating PEP device (eg, Acapella valve, Flutter 
valve) loosens mucus by producing PEP and oscil-
latory vibrations in the airways so that the mucus 
can then be cleared with a cough. The nurse manu-
ally assists the patient’s cough by exerting positive 
pressure on the abdominal costal margin during 
exhalation, thus increasing the cough’s force.

• High-frequency chest wall oscillation. The 
patient wears a vest-like device that uses air pulses 
to compress the chest wall, loosening secretions. 
High-frequency chest wall oscillation has been 
shown to improve mucus removal and pulmonary 
function, is well tolerated by surgical patients, and 
can be self-administered at home.

• Positive airway pressure (PAP). PAP devices 
enable airway recruitment and reduce atelectasis 
by delivering pressures between 5 and 20 cm H2O 
with variable fl ow of oxygen during therapy. They 
are used in patients when other airway clearance 
therapies are not suffi cient to reduce or prevent 
atelectasis.

Chest Physiotherapy
CPT techniques include postural drainage, chest 
percussion and vibration, and patient positioning. 
CPT is preceded by bronchodilator therapy and 
followed by deep breathing and coughing or other 
BHT techniques. Patients with an artifi cial airway 
or an ineffective cough may require suctioning after 
CPT. No single method of CPT has been shown to be 
superior, and there are many contraindications to 
using these techniques.

Studies have questioned the effi cacy of CPT, 
except in segmental atelectasis caused by mucus 
obstruction and diseases that result in increased 

sputum production.1 Bronchoscopy with bron-
choalveolar lavage (BAL) is an alternative to CPT for 
removing mucus plugs that result in atelectasis. The 
inclusion of CPT in the plan of care must be indi-
vidualized and evaluated in terms of derived benefi t 
versus potential risks.

Postural Drainage
In postural drainage, gravity facilitates drainage of 
pulmonary secretions. The positions used depend 
on the lobes affected by atelectasis or accumulations 
of fl uid or mucus (Fig. 16-1). Postural drainage in all 
positions is not indicated for all critically ill patients. 
The nurse must closely monitor the patient who is in 
a head-down position for aspiration, respiratory dis-
tress, and dysrhythmias. Alternate techniques may 
include gentle chest percussion and vibration.

RED FLAG! Contraindications to postural 
drainage include increased intracranial pressure 
(ICP), tube feeding, inability to cough, hypoxia or 
respiratory instability, hemodynamic instability, 
decreased mental status, recent eye surgery, hiatal 
hernia, and obesity.

Chest Percussion and Vibration
Chest percussion and vibration are used to dislodge 
secretions. Percussion involves striking the chest 
wall with the hands formed into a cupped shape. 
The patient’s position depends on the segment of 
lung to be percussed. Vibration involves manu-
ally compressing the chest wall while the patient 
exhales through pursed lips to increase the velocity 
and turbulence of exhaled air to loosen secretions. 
Vibration is used instead of percussion if the chest 
wall is extremely painful. Critical care unit beds have 
options to percuss or vibrate, with variable settings 
for high to low frequency of percussion or vibration. 
The nurse assesses the patient for tolerance to the 
level of therapy.

RED FLAG! Contraindications to percussion 
and vibration include fractured ribs, osteoporosis, 
chest or abdominal trauma or surgery, pulmonary 
hemorrhage or embolus, chest malignancy, 
mastectomy, pneumothorax, subcutaneous 
emphysema, cervical cord trauma, tuberculosis, 
pleural effusions or empyema, and asthma.

Patient Positioning
Turning the patient laterally every 2 hours (at mini-
mum) aids in mobilizing secretions for removal with 
cough or suctioning. Changing the patient’s position 
affects gas exchange, and positioning the patient 
with the “good” lung down improves oxygenation by 
improving ventilation to perfusion match.2

RED FLAG! Positioning is altered if the patient
has a lung abscess. In this case, the preferred 
position is with the diseased lung down, because 
otherwise gravity can cause the abscessed lung’s 
purulent contents to drain into the opposite lung.
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Continuous lateral rotation therapy (CLRT), 
defi ned as continuous lateral positioning of less 
than 40 degrees for 18 of 24 hours daily, improves 
oxygenation and blood fl ow to the lung tissue in 
affected regions and promotes secretion removal 
and airway patency.2 Using lateral rotation therapy 
beds is more effective than the inconsistent nursing 
care of turning every 2 hours at minimum.3 CLRT 
beds rotate to less than 40 degrees, while kinetic 
therapy beds rotate to 40 degrees or more. The best 
evidence-based research involves kinetic therapy 
beds. The nurse assesses the patient for tolerance 
to position changes when a CLRT or kinetic therapy 
bed is in use.

Patients who are ventilated benefi t from having 
the head of the bed elevated 30 degrees at all times.4 
The rationale is to promote lung expansion, pre-
vent the aspiration that can occur in the recumbent 
position in intubated patients, and prevent ventila-
tor-associated pneumonia (VAP). Rotation therapy 
may also help reduce pneumonia, although it may 
not reduce days on the ventilator or the length of 

hospital stay. For best outcomes, rotation must be 
continuous and at the maximum for each side.

Prone positioning is an advanced technique used 
with critically ill ventilated patients who have acute 
lung injury (ALI) or acute respiratory distress syn-
drome (ARDS) with a low PaO2/FiO2 ratio. Studies 
have demonstrated improved oxygenation in these 
patients when placed in the prone position, although 
this maneuver may not ultimately improve survival.5 
Prone positioning involves multiple personnel and 
specialized equipment, and must be performed only 
by specially trained staff to  prevent complications.

Progressive mobility, from sitting up in a chair to 
ambulation, is also used as part of pulmonary hygiene.

Oxygen Therapy
Oxygen therapy is used to correct hypoxemia, 
decrease the work of breathing, and decrease myo-
cardial work. The goals for all patients on oxygen 
therapy are a stable arterial oxygen saturation (SaO2) 

A. Face-lying   hips elevated 16–18 inches on
    pillows, making a 30°–45° angle.
    Purpose: to drain the posterior lower lobes.

B. Lying on the left side—hips elevated
    16–18 inches on pillows.
    Purpose: to drain the right lateral lower lung
    segments.

C. Back lying—hips elevated 16–18 inches on
     pillows.
     Purpose: to drain the anterior lower lung
     segments.

D. Sitting upright or semireclining.
     Purpose: to drain the upper lung field and
     allow more forceful coughing.

E. Lying on the right side—hips elevated on pillows
     forming a 30°–45° angle.
     Purpose: to drain the left lower lobes.

F I G U R E  1 6 - 1  Positions used in lung drainage.
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level, eupneic respirations, and a decrease in anxi-
ety and shortness of breath. These goals should be 
accomplished through delivery of the least amount 
of supplemental oxygen needed, so the nurse contin-
uously monitors the patient on oxygen for desired 
results, as well as for complications.

RED FLAG! Complications of oxygen therapy 
include respiratory arrest; skin breakdown from 
straps and masks; dry nasal mucous membranes; 
epistaxis, infection in the nares; oxygen toxicity; 
absorptive atelectasis; and carbon dioxide narcosis 
(manifested by altered mental status, confusion, 
headache, and somnolence).

Several methods of oxygen delivery are available 
(Box 16-1). The choice of delivery method depends 
on the patient’s condition. Low-fl ow oxygen devices 
are suitable for patients with normal respiratory 
patterns, rates, and ventilation volumes. High-fl ow 

oxygen devices are suitable for patients with high 
oxygen requirements because high-fl ow devices 
deliver up to 100% FiO2 and maintain humidifi ca-
tion, which is essential to prevent drying of the nasal 
mucosa. The nurse monitors the SaO2 closely for at 
least 30 to 60 minutes when switching from a low-
fl ow to a high-fl ow oxygen delivery device, evaluates 
ABGs as needed, and assesses patient tolerance. If 
increased distress, desaturation, or both are noted, 
more extreme interventions (eg, intubation) may be 
necessary.

Oxygen toxicity starts to occur in patients breath-
ing an FiO2 of more than 50% for longer than 
24 hours. The FiO2 should be decreased as tolerated 
to the lowest possible setting as long as the SaO2 
remains greater than 90%. The pathophysiological 
changes that occur with oxygen toxicity may prog-
ress from capillary leaking to pulmonary edema and 
possibly to ALI or ARDS with prolonged high FiO2 
continues for several days. Patients on a high FiO2 

B O X  1 6 - 1   Oxygen Delivery Methods With Delivered Fraction of Inspired Oxygen (FiO2)

High-Flow Devices

High-Flow Nasal Cannula

Flow (L/min) FiO2 (%)

1–35 21–100

Low-Flow Devices

Nasal Cannula

Flow (L/min) FiO2 (%)

1 21–25
2 25–28
3 28–32
4 32–36
5 36–40
6 40–44

Facemask

Flow (L/min) FiO2 (%)

5–6 40
6–7 50
7–10 60

Face Tent
Air is mixed with the oxygen fl ow in the mask, result-
ing in variable delivery with humidifi cation (21% 
delivered with compressed air and up to 50% deliv-
ered with 10 L/min oxygen fl ow attached). A face tent 
is often used for patients who cannot tolerate the 
claustrophobic feeling associated with more tradi-
tional masks.

Venturi Mask

Oxygen Flow
(Minimal Rate) (L/min)  FiO2 Settinga (%)

4 25
4 28
6 31
8 35
8 40
10 50
aFiO2 setting is based on venturi setting/adapter used and 
oxygen fl ow.

Nonrebreather Mask
The nonrebreather mask is used in severe hypoxemia 
to deliver the highest oxygen concentration. The one-
way valve on one side allows for the exhalation of car-
bon dioxide. The mask delivers 80% to 95% FiO2 at a 
fl ow rate of 10 L/min depending on the patient’s rate 
and depth of breathing, with some room air entrained 
through the open port on the mask. The mask should fi t 
snugly to prevent additional entrainment of room air.

Tracheostomy Collar and T-Piece
The T-piece is a T-shaped adapter used to provide oxygen 
to either an endotracheal or a tracheostomy tube. The 
tracheostomy collar may also be used and is generally pre-
ferred because it is more comfortable than the T-piece. The 
strap on the tracheostomy collar is adjusted to keep the 
collar on top of the tracheostomy. With both the T-piece 
and tracheostomy collar, the goal is to provide a high 
enough fl ow rate (at least 10 L/min with humidifi cation) to 
ensure that there is a minimal amount of entrained room 
air. Flow can also be provided by a ventilator.
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may also develop absorptive atelectasis as a result 
of less nitrogen in the delivered gas mixture. 
Because nitrogen is not absorbed, it exerts pres-
sure within the alveoli, keeping the alveoli open. 
When nitrogen is “washed out,” the oxygen replac-
ing it is absorbed, resulting in alveolar collapse 
(atelectasis).

Chest Tubes
Chest tubes are used to remove air or fl uid from the 
pleural space, restore intrapleural negative pressure, 
reexpand a collapsed or partially collapsed lung, 
and prevent refl ux of drainage back into the chest. 
Indications for chest tube placement are listed in 
Table 16-1.

Equipment
Most chest tubes are multifenestrated transparent 
tubes with distance and radiopaque markers that 
facilitate visualization of the tube on chest radio-
graphs (necessary for verifying correct positioning 
in the pleural space). Larger tubes (20 to 36 French) 
are used to drain blood or thick pleural drainage. 
They are placed at about the fi fth to sixth intercos-
tal space (ICS) midaxillary. Smaller tubes (16 to 
20 French) are used to remove air and are placed at 
the second to third ICS midclavicular.

Chest tubes are attached to a drainage system. 
Modern systems are disposable and have three 
chambers (Fig. 16-2). The fi rst chamber is the col-
lection receptacle, the second chamber is the water 
seal, and the third chamber is suction. The water 

TA B L E  1 6 - 1 Indications for Chest Tube Placement

Indication Potential Causes

Hemothorax Chest trauma, neoplasms, pleural tears, excessive anticoagulation, postthoracic 
surgery, post–open lung biopsy

Pneumothorax
 Spontaneous (greater than 

20%)
Bleb rupture, lung disease

 Tension Mechanical ventilation, penetrating puncture wound, prolonged clamping of chest 
tubes, lack of seal in chest tube drainage system

 Bronchopleural fi stula Tissue damage, esophageal cancer, aspiration of toxic chemicals, Boerhaave’s 
syndrome (spontaneous esophageal rupture)

Pleural effusion Neoplasms, cardiopulmonary disease, infl ammatory conditions, recurrent infections, 
pneumonia

Chylothorax Trauma or thoracic surgery, malignancy, congenital abnormalities

1 32

250 mm

To suction source
(or air)

Vent to
room air

20 mm

2 mm

Water seal

Drainage
collection
chambers

From patient

Visceral
pleura

Pleural cavity

Lung

Parietal pleura

F I G U R E  1 6 - 2  A disposable chest tube drainage system.
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seal chamber acts as a one-way valve, allowing 
air to escape while preventing air from reenter-
ing the pleural space. The fl uid level in the water 
seal chamber fl uctuates during respiration. During 
inspiration, pleural pressures become more nega-
tive, causing the fl uid level in the water seal cham-
ber to rise. During expiration, pleural pressures 
become more positive, causing the fl uid level to 
descend. If the patient is being mechanically ven-
tilated, this process is reversed. Intermittent bub-
bling is seen in the water seal chamber as air and 
fl uid drain from the pleural cavity. Constant bub-
bling indicates either an air leak in the system or a 
bronchopleural fi stula.

In a disposable system that requires water 
suction, it is achieved by adding water up to the 
prescribed level in the suction chamber, usually 
−20 cm H2O. It is the height of the water column 
in the suction chamber, not the amount of wall 
suction, that determines the amount of suction 
applied to the chest tube, most commonly −20 cm 
H2O. Once the wall suction exceeds the force nec-
essary to “lift” this column of fl uid, any additional 
suction simply pulls air from a vented cap atop 
the chamber up through the water. The amount 
of wall suction applied should be suffi cient to cre-
ate a “gently rolling” bubble in the suction control 
chamber. Vigorous bubbling results in water loss 
through evaporation, changing suction pressure 
and increasing the noise level in the patient’s room. 
It is important to assess the system for water loss 
and to add sterile water as necessary to maintain 
the prescribed level of suction.

Dry suction (waterless) systems use a spring 
mechanism to control the suction level and can pro-
vide levels of suction ranging from −10 to −40 cm 
H2O. The amount of negative pressure is dialed in, 
again, it is the amount dialed in not the wall suction 
which determines the amount of suction. Dry suc-
tion systems that can deliver higher levels of suction 
may be necessary in patients with large broncho-
pleural fi stulas, hemorrhage, or obesity. They also 
afford the patient a quieter environment.

RED FLAG! The chest tube drainage system 
should never be raised above the chest, or the 
drainage will back up into the chest.

Chest Tube Placement
The patient is placed in Fowler’s or semi- Fowler’s 
position for the procedure. Because the parietal 
pleura is innervated by the intercostal and phrenic 
nerves, chest tube insertion is a painful procedure 
and administration of analgesics is indicated. After 
insertion, bacteriostatic ointment or petroleum 
gauze can be applied to the incision site. Petroleum 
gauze is thought to prevent air leaks; however, it also 
has the potential to macerate the skin and predispose 
the site to infection. A 4 × 4 gauze pad with a split 
is positioned over the tube and taped occlusively to 
the chest. All connections from the insertion site to 

the drainage collection system are securely taped to 
prevent air leaks as well as inadvertent disconnec-
tion. The proximal portion of the tube is taped to the 
chest to prevent traction on the tube and sutures if 
the patient moves. A postinsertion chest radiograph 
is always ordered to confi rm proper positioning. 
The lungs are auscultated, and the condition of the 
tissue around the insertion site is evaluated for the 
presence of subcutaneous air. Ongoing assessment 
and management of a patient with a chest tube is 
summarized in Box 16-2.

RED FLAG! Occasionally, the chest tube may 
fall out or be accidentally pulled out. If this occurs, 
the insertion site should be quickly sealed off using 
petroleum gauze covered with dry gauze and an 
occlusive tape dressing to prevent air from entering 
the pleural cavity.

B O X  1 6 - 2   Chest Tube Drainage System 
Assessment and Management

 1. Assess cardiopulmonary status and vital signs 
every 2 hours and as needed.

 2. Check and maintain tube patency every 2 hours 
and as needed.

 3. Monitor and document the type, color, consistency, 
and amount of drainage.

 4. Mark the amount of drainage on the  collection 
chamber in hourly or shift increments, 
 depending on drainage, and document in output 
record.

 5. Prevent dependent loops from forming in tubing; 
ensure that the patient does not inadvertently lie 
on the tubing.

 6. Assess for fl uctuation of the water level 
(“ tidaling”) in the water seal chamber with 
 respiration or mechanical ventilation breaths.

 7. Assess for the air leaks, manifested as  constant 
bubbling in the water seal chamber. If  constant 
bubbling is noted, identify the location of the 
leak by fi rst turning off the suction. Then, 
 beginning at the insertion site, briefl y occlude 
the chest tube or drainage tube below each 
 connection point until the drainage unit is 
reached.

 8. Check that all tubing connections are securely 
sealed and taped.

 9. Ensure water seal chambers are fi lled to the 2-cm 
water line. Relieve negative pressure if the water 
level is above the 2-cm water line.

10. Assess the patient for pain, intervene as needed, 
and reassess appropriately. Pain management may 
include the use of analgesics, a lidocaine patch, or 
nonsteroidal anti-infl ammatory drugs (NSAIDs).

11. Assess the actual chest tube insertion site for signs 
of infection and subcutaneous emphysema.

12. Change the dressing per unit guidelines, when 
soiled, and when ordered.
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to the airways. They also block refl ex bronchocon-
striction caused by inhaled irritants. 

• Methylxanthines. The use of methylxanthines 
in the treatment of bronchospastic airway dis-
ease is controversial. Theophylline, the prototype 
methylxanthine, may be used chronically in the 
treatment of bronchospastic disease but is usually 
considered third- or fourth-line therapy. Some 
patients with severe disease that is not controlled 
with β-adrenergic blockers, anticholinergics, or 
anti-infl ammatory agents may benefi t from the-
ophylline. Aminophylline, the IV form of the-
ophylline, is rarely used in acute exacerbations 
because of the lack of evidence that it is benefi -
cial in this situation and it produces signifi cant 
tachycardia.

Anti-Infl ammatory Agents
Anti-infl ammatory agents may be used prophylac-
tically to interrupt the development of bronchial 
infl ammation. They may also be used to reduce or 
terminate ongoing infl ammation in the airway.

• Corticosteroids are the most effective anti- 
infl ammatory agents for the treatment of revers-
ible airfl ow obstruction. Corticosteroid therapy 
should be initiated simultaneously with broncho-
dilator therapy because the onset of action may be 
6 to 12 hours. Corticosteroids may be administered 
parenterally, orally, or as aerosols. In acute exac-
erbations, high-dose parenteral steroids (eg, IV 
methylprednisolone) are used and then tapered as 
the patient tolerates. Short courses of oral therapy 
may be used to prevent the progression of acute 
attacks. Long-term oral therapy is associated with 
systemic adverse effects and should be avoided if 
possible.

• Mast cell stabilizers are thought to stabilize the 
cell membrane and prevent the release of media-
tors from mast cells. These agents are not indicated 
for acute exacerbations of asthma. Rather, they are 
used prophylactically to prevent acute airway nar-
rowing after exposure to allergens (eg, exercise, 
cold air). A 4- to 6-week trial may be required to 
determine effi cacy in individual patients. The goal 
is to reduce the frequency and severity of asthma 
attacks and enhance the effects of concomitantly 
administered bronchodilator and steroid therapy. 
It may be possible to decrease the dose of broncho-
dilators or corticosteroids in patients who respond 
to mast cell stabilizers.

• Leukotriene receptor antagonists may be used 
in the management of exercise-induced broncho-
spasm, asthma, allergic rhinitis, and urticaria. 
These agents block the activity of endogenous 
infl ammatory mediators, particularly leukotri-
enes, which cause increased vascular permeability, 
mucus secretion, airway edema, bronchoconstric-
tion, and other infl ammatory cell process activities. 
Leukotriene receptor antagonists are administered 
once daily and are usually well tolerated. They are 

RED FLAG! The most serious complication 
associated with chest tube placement is tension 
pneumothorax, which can develop if there is an 
obstruction in the chest tube that prevents air from 
leaving (thus allowing it to accumulate in the pleural 
space.) Clamping chest tubes predisposes patients 
to this complication and is only recommended as a 
momentary measure, such as when it is necessary 
to locate the source of an air leak or replace the 
chest tube drainage unit.

Chest Tube Removal
Chest tubes are removed after drainage is minimal. 
Prior to chest tube removal (12 to 24 hours before), 
the wall suction is disconnected (ie, the chest tube 
is placed on water seal). Premature removal of the 
chest tube may cause reaccumulation of the pneu-
mothorax. Before the chest tube is removed, the 
patient is premedicated to alleviate pain. The tube is 
removed in one quick movement during expiration 
to prevent entraining air back into the pleural cav-
ity. Immediately after tube removal, the lung fi elds 
are auscultated for any change in breath sounds, 
and an occlusive sterile dressing with petroleum 
gauze is applied over the site. A chest radiograph 
is obtained to look for the presence of residual air 
or fl uid.

Pharmacotherapy
Bronchodilators
Bronchodilators dilate the airways by relaxing 
bronchial smooth muscle. Bronchodilator therapy 
can be delivered through metered-dose inhalers 
(MDIs) or nebulization. Patient inhalation ensures 
delivery into the lungs. Assessment before, dur-
ing, and after the therapy is essential and includes 
breath sounds, pulse, respiratory rate, and pulmo-
nary function tests to measure improvement in 
severity of airway obstruction. ABGs also may be 
indicated.

• b2-Adrenergic blockers. Because of their rapid 
onset of action, β-adrenergic blockers are the 
bronchodilators of choice for the treatment of 
acute exacerbation of asthma or severe bron-
chial constriction. The bronchodilator effects of 
β-adrenergic blockers result from stimulation 
of β2-adrenergic receptors in the lung bronchial 
smooth muscle. These agents may also stimulate 
β1-adrenergic receptors in the heart, leading to 
undesired cardiac effects. β2-selective drugs are 
more specifi c for the β2-receptor, although they 
retain some β1 activity. β2-Adrenergic blockers may 
be administered orally or inhaled. Inhaled therapy 
has been shown to produce bronchodilation com-
parable to that of oral administration, with fewer 
adverse systemic effects.

• Anticholinergic agents. These drugs produce 
bronchodilation by reducing intrinsic vagal tone 
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not administered for acute conditions; rather, 
they are used as a part of an ongoing program of 
therapy.6

Neuromuscular Blocking Agents
Critically ill patients frequently require pharmaco-
logical intervention for analgesia, sedation, anxiety 
control, and facilitation of mechanical ventilation. 
If metabolic demands and work of breathing con-
tinue to compromise ventilatory or hemodynamic 
stability after maximization of sedation, neuromus-
cular blocking (NMB) agents may be required. NMB 
agents induce muscular paralysis by blocking ace-
tylcholine at the motor endplate. The paralysis pre-
vents the patient from “fi ghting” the ventilator and 
increasing the work of breathing. The goal of ther-
apy with NMB agents is to maximize oxygenation 
and prevent complications such as barotrauma. 
NMB drugs do not possess analgesic or sedative 
properties. The patient is awake and aware, but 
unable to move. When NMB agents are used, seda-
tion and analgesia are required, along with patient 
and family education. Numerous reports of pro-
longed paralysis following the use of NMB agents 
have prompted many facilities to initiate protocols 
for monitoring with the use of peripheral nerve 
stimulators.

Thoracic Surgery
Thoracic surgery is indicated as part of the manage-
ment plan for many disorders involving the lungs 
and associated structures.

• Wedge resection is performed for the removal of 
benign or malignant lesions.

• Segmentectomy is the preferred method when 
patients are a poor risk with limited pulmonary 
reserve. Bleeding may be extensive following the 
surgery, and two chest drains are usually in place 
to drain air or blood.

• Lobectomy may be performed as a treatment for 
malignant or benign tumors and for infections 
such as bronchiectasis, tuberculosis, or fungal 
infection.

• Pneumonectomy is performed to remove one lung, 
usually because of primary carcinoma or signifi -
cant infection.

• Lung volume reduction surgery (LVRS) involves 
resecting parts of the lung to reduce hyperinfl ation 
(eg, as part of the treatment for emphysema).

• Lung transplantation may involve one lung or 
both lungs, and it may be done along with heart 
transplantation. To be considered a viable candi-
date for lung transplantation, a patient must have 
minimal comorbidities and advanced lung disease 
that is unresponsive to other therapies.

C A S E  S T U D Y

Mr. B. is admitted to the critical care unit for 
the diagnosis of pancreatitis. The physician places 
a right subclavian central line. Immediately after 
the line placement, the nurse notes that Mr. B. 
has increasing dyspnea and tachycardia. Further 
assessment reveals diminished breath sounds on 
the right and unequal chest wall expansion. A chest 
radiograph is obtained and the physician is notifi ed. 
Mr. B. is diagnosed with a right pneumothorax, and 
a chest tube connected to a drainage system and 
−20 cm H2O suction is placed.

Two days later, the nurse is assessing Mr. B. and 
notes intermittent bubbling in the water seal cham-
ber, fl uctuation of the fl uid in the tubing, a small 
amount of subcutaneous air, and a dry and occlusive 
dressing. Chest radiographs, obtained daily, demon-
strate the presence of a small pneumothorax. The 
chest tube is still connected to −20 cm H2O suction.

Five days later, the chest radiograph demon-
strates complete resolution of the pneumothorax. 
The chest tube is taken off of suction and left to 
water seal for 8 hours. Mr. B. tolerates this with-
out any signs of dyspnea and the chest tube is 
removed by the physician. The incision site is 
 covered with petroleum gauze and occlusive tape 
is applied to secure the dressing.

1. What was the cause of the pneumothorax?

2. What is the clinical difference between fi nding 
intermittent bubbling and constant bubbling in the 
water seal chamber?

3. What would be the reasoning for applying a 
petroleum gauze dressing after removal of the 
chest tube?
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C H A P T E R
Common Respiratory Disorders

Pneumonia
Pneumonia is a common infection in both the com-
munity and hospital. In the United States, pneumo-
nia is the leading cause of death from infectious 
disease, the second most common hospital-acquired 
infection, and the seventh leading cause of death.1 
Critical care nurses encounter pneumonia when it 
complicates the course of a serious illness or leads 
to acute respiratory distress. According to guide-
lines developed by the American Thoracic Society 
(ATS), patients with severe community-acquired 
pneumonia (CAP) require admission to the critical 

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the pathophysiology, assessment, and management of pneumonia in 
the critically ill patient.

2 Describe the pathophysiology, assessment, and management of acute 
respiratory failure.

3 Differentiate between hypoxemic (type I) acute respiratory failure and 
hypercapnic (type II) acute respiratory failure.

4 Describe the pathophysiology, assessment, and management of acute 
respiratory distress syndrome (ARDS).

5 Discuss the pathophysiology, assessment, and management of pleural effusion.
6 Describe the pathophysiology, assessment, and management of 

pneumothorax.
7 Discuss the pathophysiology, assessment, management, and prevention of 

pulmonary embolism.
8 Explain the pathophysiology, assessment, and management of an acute 

exacerbation of chronic obstructive pulmonary disease (COPD).
9 Describe the pathophysiology, assessment, and management of an acute 

exacerbation of asthma and status asthmaticus.

care unit. Severe CAP is defi ned as the presence of 
one of two major criteria or the presence of two 
of three minor criteria (Box 17-1).2 Streptococcus 
pneumoniae (pneumococcus) is the predomi-
nant pathogen in patients with CAP who require 
hospitalization.

The Older Patient. The incidence of CAP requiring 
hospitalization is four times higher in patients older 
than 65 years than it is in those 45 to 64 years of 
age.3 In addition, the cause of CAP in patients older 
than 65 years is frequently a drug-resistant strain of 
S. pneumoniae.2

17

Morton_Chap17.indd   227Morton_Chap17.indd   227 2/4/2012   3:15:37 PM2/4/2012   3:15:37 PM
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Hospital-acquired pneumonia (HAP) is pneumo-
nia occurring more than 48 hours after admission to 
a hospital, which excludes infection that is incubat-
ing at the time of admission.4 Ventilator-associated 
pneumonia (VAP) is the occurrence of pneumonia 
more than 48 to 72 hours after intubation. HAP 
and VAP continue to cause morbidity and mortal-
ity despite advances in antimicrobial therapy and 
advanced supportive measures.4

Bacteria, viruses, mycoplasmas, fungi, and aspi-
ration of foreign material can cause pneumonia. 
Etiology varies greatly depending on whether the 
pneumonia is community acquired or hospital 
acquired.5 HAP and VAP may be polymicrobial and 
multidrug resistant.

Pathophysiology
Pneumonia is an infl ammatory response to inhaled 
or aspirated foreign material or the uncontrolled 
multiplication of microorganisms invading the 
lower respiratory tract. This response results in the 
accumulation of neutrophils and other proinfl am-
matory cytokines in the peripheral bronchi and alve-
olar spaces.6 The severity of pneumonia depends on 
the amount of material aspirated, the virulence of 
the organism, the amount of bacteria in the aspi-
rate, and the host defenses.6

The means by which pathogens enter the lower 
respiratory tract include aspiration, inhalation, 
hematogenous spread from a distant site, and trans-
location. Risk factors that predispose a patient to 
one of these mechanisms include conditions that 
enhance colonization of the oropharynx, conditions 

favoring aspiration, conditions requiring prolonged 
intubation, and host factors.6 The risk for clinically 
signifi cant aspiration is increased in patients who 
are unable to protect their airways.

Colonization of the oropharynx has been identifi ed 
as an independent factor in the development of HAP 
and VAP. Gram-positive bacteria and anaerobic bac-
teria normally live in the oropharynx. When normal 
oropharyngeal fl ora are destroyed, the oropharynx is 
susceptible to colonization by pathogenic bacteria. 
Pathogenic organisms that have colonized the oro-
pharynx are readily available for aspiration into the 
tracheobronchial tree. Gastric colonization may also 
lead to retrograde colonization of the oropharynx, 
although the role the stomach plays in the develop-
ment of pneumonia is controversial. The stomach 
is normally sterile because of the bactericidal activ-
ity of hydrochloric acid. However, when gastric pH 
increases above normal (eg, with the use of histamine 
type 2 antagonists or antacids), microorganisms are 
able to multiply, increasing the risk for retrograde 
colonization of the oropharynx and pneumonia.4

Inhalation of bacteria-laden aerosols from 
contaminated respiratory equipment is another 
potential source of pneumonia-causing bacteria. 
Condensate collection in the ventilator tubing can 
become contaminated with secretions and serve as 
a reservoir for bacterial growth.

Assessment 
Knowledge of risk factors and symptoms assists in 
making the diagnosis and identifying the causative 
organism. A comprehensive cardiovascular and pul-
monary assessment is completed, with a focus on 
the ATS major and minor criteria (see Box 17-1). The 
nurse assesses for signs of hypoxemia and dyspnea. 
Patients presenting with new-onset respiratory 
symptoms (eg, cough, sputum production, dyspnea, 
pleuritic chest pain) usually have an accompanying 
fever and chills. Decreased breath sounds and crack-
les or bronchial breath sounds are heard over the 
area of consolidation.

The Older Patient. Confusion and tachypnea are 
common presenting symptoms in older patients 
with pneumonia. The usual symptoms (fever, chills, 
increased white blood cell (WBC) count) may be 
absent. Other symptoms include weakness, lethargy, 
failure to thrive, anorexia, abdominal pain, episodes 
of falling, incontinence, headache, delirium, and 
nonspecifi c deterioration.

RED FLAG! Disorders that may mimic pneumonia 
clinically include heart failure, atelectasis, pulmonary 
thromboembolism, drug reactions, pulmonary 
hemorrhage, and ARDS.

Diagnostic tests are ordered to determine whether 
pneumonia is the cause of the patient’s symptoms 
and to identify the pathogen when pneumonia is 
present. Table 17-1 summarizes the current ATS 

B O X  1 7 - 1   American Thoracic Society (ATS) 
Criteria for Diagnosis of Severe 
Community-Acquired Pneumonia 
(CAP)

Major Criteria
• Need for mechanical ventilation
• Need for vasopressors for greater than 4 hours 

(septic shock)
• Acute renal failure (urine output less than 80 mL in 

4 hours or serum creatinine greater than 2 mg/dL in 
the absence of chronic renal failure)

• Increase in size of infi ltrates by more than 50% in 
presence of clinical nonresponse to treatment or 
deterioration

Minor Criteria
• Respiratory rate greater than 30 breaths/min
• Systolic blood pressure less than or equal to 

90 mm Hg
• Diastolic blood pressure less than 60 mm Hg, multi-

lobar disease
• PaO2/FiO2 ratio less than 250

Adapted from American Thoracic Society: Guidelines for the 
management of adults with community-acquired pneumonia. Am 
J Respir Crit Care Med 163:1730–1754, 2001.
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need to modify therapy.4 The duration of therapy 
depends on many factors, including the presence 
of concurrent illness or bacteremia, the severity of 
pneumonia at the onset of antibiotic therapy, the 
causative organism, the risk for multidrug resis-
tance, and the rapidity of clinical response.4

Supportive Therapy
Oxygen therapy may be required to maintain ade-
quate gas exchange. Humidifi ed oxygen should be 
administered by mask or endotracheal tube to pro-
mote adequate ventilation. Mechanical ventilation 
to correct hypoxemia is frequently required in both 
severe CAP and HAP. Aggressive bronchial hygiene 
therapy (BHT) and adequate nutritional support are 
critical.

Acute Respiratory Failure 
Acute respiratory failure is a sudden and life-threat-
ening deterioration in pulmonary gas exchange, 
resulting in carbon dioxide retention and inadequate 
oxygenation. Acute respiratory failure is defi ned as 
an arterial oxygen tension (PaO2) of 50 mm Hg or less, 
an arterial carbon dioxide tension (PaCO2) greater 
than 50 mm Hg, and an arterial pH less than 7.35. 
Patients with advanced COPD and chronic hyper-
capnia may exhibit an acute increase in PaCO2 to a 
high level, a decrease in blood pH, and a signifi cant 
increase in serum bicarbonate during the onset of 
acute respiratory failure. Acute respiratory failure 

recommendations. Lower respiratory secretions 
can be easily obtained in intubated patients using 
endotracheal aspiration and may assist in exclud-
ing certain pathogens and modifying initial empiri-
cal treatment. Invasive diagnostic techniques, such 
as bronchoalveolar lavage (BAL) or bronchoscopy 
with protected specimen brush (PSB), may be 
used in selected circumstances (eg, nonresponse 
to antimicrobial therapy, immunosuppression, sus-
pected tuberculosis in the absence of a productive 
cough, pneumonia with suspected neoplasm or for-
eign body, or conditions that require lung biopsy).4 
Pneumococcal urinary antigen assay, which returns 
results within 15 minutes, is recommended as an 
addition to blood culture testing.7 The IDSA recom-
mends HIV testing for people between the ages of 
15 and 54 years as well.7

Management
Antibiotic Therapy
Patients are initially treated empirically, based on 
the severity of disease and the likely pathogens.4 
Because data show that hospitalized patients with 
CAP who receive their fi rst dose of antibiotic ther-
apy within 8 hours of arrival at the hospital have 
reduced mortality at 30 days, initial therapy should 
be instituted rapidly.2 Double antibiotic coverage 
is necessary for patients with severe CAP.7 Initial 
therapy should not be changed within the fi rst 48 to 
72 hours unless progressive deterioration is evident 
or initial blood or respiratory cultures indicate a 

TA B L E  1 7 - 1 Diagnostic Studies in Patients With Severe Community-Acquired Pneumonia (CAP) or Severe 
Hospital-Acquired Pneumonia (HAP)

Study Rationale

Chest radiograph (anterior–posterior and lateral) Identifi es the presence, location, and severity of infi ltrates 
(multilobar, rapidly spreading, or cavitary infi ltrates indicate 
severe pneumonia)

Facilitates assessment for pleural effusions
Differentiates pneumonia from other conditions

Two sets of blood cultures from separate sites Isolates the etiologic pathogen in 8%–20% of cases
Complete blood count Documents the presence of multiple-organ dysfunction
Serum electrolyte panel, renal and liver function 

tests
Helps defi ne severity of illness

Arterial blood gases (ABGs) Defi nes severity of illness
Determines need for supplemental oxygen and mechanical 

ventilation
Thoracentesis (if pleural effusion greater than 10 mm 

identifi ed on lateral decubitus fi lm)
Pleural fl uid studies, including
 WBC count with differential
 Protein
 Glucose
 Lactate dehydrogenase (LDH)
 pH
 Gram stain and acid-fast stain
 Culture for bacteria, fungi, and mycobacteria

Rules out empyema

From data in American Thoracic Society: Guidelines for the management of adults with community-acquired 
pneumonia. Am J Respir Crit Care Med 163:1730–1754, 2001.
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may be caused by a variety of pulmonary and non-
pulmonary diseases (Box 17-2). Many factors may 
precipitate or exacerbate acute respiratory failure 
(Box 17-3).

B O X  1 7 - 2   Causes of Acute Respiratory Failure

Intrinsic Lung and Airway Diseases

Large Airway Obstruction
• Congenital deformities
• Acute laryngitis, epiglottitis
• Foreign bodies
• Intrinsic tumors
• Extrinsic pressure
• Traumatic injury
• Enlarged tonsils and adenoids
• Obstructive sleep apnea

Bronchial Diseases
• Chronic bronchitis
• Asthma
• Acute bronchiolitis

Parenchymal Diseases
• Pulmonary emphysema
• Pulmonary fi brosis and other chronic diffuse infi ltra-

tive diseases
• Severe pneumonia
• Acute lung injury (ALI), acute respiratory distress 

syndrome (ARDS)

Vascular Disease
• Cardiac pulmonary edema
• Massive or recurrent pulmonary embolism
• Pulmonary vasculitis

Extrapulmonary Disorders

Diseases of the Pleura and the Chest Wall
• Pneumothorax
• Pleural effusion
• Fibrothorax

• Thoracic wall deformity
• Traumatic injury to the chest wall (fl ail chest)
• Obesity

Disorders of the Respiratory Muscles and the 
Neuromuscular Junction
• Myasthenia gravis and myasthenia-like disorders
• Muscular dystrophies
• Polymyositis
• Botulism
• Muscle-paralyzing drugs
• Severe hypokalemia and hypophosphatemia

Disorders of the Peripheral Nerves and Spinal 
Cord
• Poliomyelitis
• Guillain–Barré syndrome
• Spinal cord trauma (quadriplegia)
• Amyotrophic lateral sclerosis
• Tetanus
• Multiple sclerosis

Disorders of the Central Nervous System
• Sedative and narcotic drug overdose
• Head trauma
• Cerebral hypoxia
• Stroke
• CNS infection
• Epileptic seizure: status epilepticus
• Metabolic and endocrine disorders
• Bulbar poliomyelitis
• Primary alveolar hypoventilation
• Sleep apnea syndrome

B O X  1 7 - 3   Precipitating and Exacerbating 
Factors in Acute Respiratory 
Failure

• Changes in tracheobronchial secretions
• Disturbances in tracheobronchial clearance
• Viral or bacterial pneumonia
• Drugs: sedatives, narcotics, anesthesia, oxygen
• Inhalation or aspiration of irritants, vomitus, or 

foreign body
• Cardiovascular disorders: heart failure, pulmonary 

embolism, shock
• Mechanical factors: pneumothorax, pleural effusion, 

abdominal distention
• Trauma, including surgery
• Neuromuscular abnormalities
• Allergic disorders: bronchospasm
• Increased oxygen demand: fever, infection
• Inspiratory muscle fatigue

There are three main types of acute respiratory 
failure:

• Acute hypoxemic respiratory failure (type I). 
Type I acute respiratory failure is the result of 
abnormal oxygen transport secondary to pul-
monary parenchymal disease, with increased 
alveolar ventilation resulting in a low PaCO2.

8 
The principal problem in type I acute respira-
tory failure is the inability to achieve adequate 
oxygenation, as evidenced by a PaO2 of 50 mm 
Hg or less and a PaCO2 of 40 mm Hg or less. 
Right-to-left shunt and alveolar hypoventilation 
are the most clinically signifi cant causes of type I 
failure.8

• Acute hypercapnic respiratory failure (type II). 
Type II acute respiratory failure (ventilatory fail-
ure) is the result of inadequate alveolar ventilation 
secondary to decreased ventilatory drive, respira-
tory muscle fatigue or failure, and increased work 
of breathing.8 Type II acute respiratory failure is 
characterized by marked elevation of carbon diox-
ide levels with relative preservation of oxygen-
ation. Hypoxemia results from reduced alveolar 
pressure of oxygen (PAO2) and is proportionate to 
hypercapnia.8
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The cardinal symptoms of hypercapnia are dys-
pnea and headache. Other clinical manifestations 
of hypercapnia include peripheral and conjunctival 
hyperemia, hypertension, tachycardia, tachypnea, 
impaired consciousness, papilledema, and asterixis 
(wrist tremor).9 Uncorrected carbon dioxide nar-
cosis leads to diminished alertness, disorientation, 
increased intracranial pressure (ICP), and loss of 
consciousness. Associated fi ndings in acute respira-
tory failure may include use of accessory muscles 
for respiration, intercostal or supraclavicular retrac-
tion, and paradoxical abdominal movement if dia-
phragmatic weakness or fatigue is present.

Arterial blood gas (ABG) analysis is needed to 
determine PaO2, PaCO2, and blood pH levels and 
confi rm the diagnosis of acute respiratory failure. 
Other diagnostic tests that may be ordered to aid 
in determining the underlying cause may include 
chest radiography, sputum examination, pulmonary 
function testing, angiography, ventilation–perfusion 
scanning, computed tomography (CT), toxicology 
screening, complete blood count, serum electro-
lytes, cytology, urinalysis, bronchogram, bronchos-
copy, electrocardiography, echocardiography, and 
thoracentesis.8 Table 17-3 summarizes key clinical 
fi ndings and diagnostic tests according to the under-
lying cause of the respiratory failure.

Management
Treatment of acute respiratory failure warrants 
immediate intervention to correct or compensate 
for the gas exchange abnormality and identify the 
cause. Therapy is directed toward correcting the 
cause and alleviating the hypoxia and hypercapnia 
(see Table 17-3).

If alveolar ventilation is inadequate to maintain 
PaO2 or PaCO2 levels (due to respiratory or neurological 

• Combined hypoxemic and hypercapnic respira-
tory failure (type I and type II). The combined 
type of acute respiratory failure develops as a con-
sequence of inadequate alveolar ventilation and 
abnormal gas transport. Any cause of type I failure 
may lead to combined failure, especially if increased 
work of breathing and hypercapnia are involved.

Pathophysiology
A vicious positive feedback mechanism characterizes 
the deleterious effects of continued hypoxemia and 
hypercapnia. Mechanisms of hypoxemia in acute 
respiratory failure are summarized in Table 17-2. 
Effects of prolonged hypoxemia and hypercapnia 
include

• Increased pulmonary vascular resistance
• Right ventricular failure (cor pulmonale)
• Right ventricular hypertrophy
• Impaired left ventricular function
• Reduced cardiac output
• Cardiogenic pulmonary edema
• Diaphragmatic fatigue from increased workload 

of respiratory muscles

Assessment
Presentation of acute respiratory failure varies, 
depending on the underlying disease, precipitating 
factors, and degree of hypoxemia, hypercapnia, or 
acidosis. The classic symptom of hypoxemia is dys-
pnea,9 although dyspnea may be completely absent 
in ventilatory failure resulting from depression of 
the respiratory center. Other presenting symptoms 
of hypoxemia include cyanosis, restlessness, con-
fusion, anxiety, delirium, tachypnea, tachycardia, 
hypertension, cardiac dysrhythmias, and tremor.9 

TA B L E  1 7 - 2 Mechanisms of Hypoxemia in Acute Respiratory Failure

Mechanism Comments

Ventilation–perfusion mismatching (“dead space”) Resultant hypoxemia is reversible with supplemental 
oxygen

Inhalation of a hypoxic gas mixture or severe reduction 
of barometric pressure (eg, toxic inhalation, oxygen 
consumption in fi re, high altitudes)

Oxygen content of inhaled gas is decreased

Alveolar hypoventilation Alveolar partial pressure of oxygen (PaO2) is decreased 
while alveolar partial pressure of carbon dioxide 
(PaCO2) is increased

Impaired diffusion (eg, emphysema, diffuse lung injury) Prevents complete equilibration of alveolar gas with 
pulmonary capillary blood; small effect is usually easily 
compensated by a small increase in the fraction of 
inspired oxygen (FiO2)

Right-to-left shunt Indicates closure of air passages, especially the distal 
airways and alveoli

Changes in FiO2 have little effect on the arterial carbon 
dioxide tension (PaO2) when the shunt exceeds 30%

Abnormal pulmonary gas exchange, cardiac output that is 
too high or too low, high metabolic rate

Increased oxygen extraction from arterial blood results in 
decreased PaO2

Oxygen content of mixed venous blood is reduced
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TA B L E  1 7 - 3 Evaluation and Management of Common Causes of Acute Respiratory Failure

Etiology Key Clinical Findings Key Diagnostic Tests Specifi c Therapy

Acute Hypoxemic (Type I) Respiratory Failure: Increased Alveolar–Arterial Gradient

Alveoli/interstitium
Cardiogenic pulmonary 

edema
Crackles, diaphoresis CXR: pulmonary edema

PA catheter: elevated CVP and 
PAOP

ECG

Diuresis
Reduce LVEDP

Acute respiratory 
distress syndrome 
(ARDS)

Crackles, PaO2 less than 
55 mm Hg with FiO2 
greater than 60%

CXR: bilateral fl uffy white 
infi ltrates

PA catheter: normal or low PAOP

Treat underlying cause
Ventilation

Pneumonia Fever, crackles, or 
diminished breath 
sounds, egophony

CXR: diffuse or lobar 
infi ltrate

CBC: leukocytosis 
Sputum gram stain, blood 

culture

Antibiotics: empirical therapy 
tailored to likely pathogens

Pleural effusion Egophony CXR: pleural effusion; 
contralateral mediastinal shift 
Thoracentesis

Drainage
Treat underlying cause
Consider pleurodesis

Atelectasis Postoperative status
Diminished breath 

sounds

CXR: volume loss, ipsilateral 
mediastinal shift

Reduce sedation
Bronchial hygiene therapy 

(BHT)
Consider bronchoscopy

Pneumothorax Diminished breath 
sounds, chest wall 
asymmetry, tracheal 
deviation

CXR: pneumothorax; 
contralateral mediastinal shift

Decompression (chest tube)

Alveolar hemorrhage Hemoptysis CXR: localized or diffuse 
infi ltrate; air bronchograms

Sputum: hemosiderin-laden 
macrophages

ANCA, anti-GBM, sputum 
AFB, cytology, Gram stain, 
urinalysis

Protect uninvolved lung
Identify bleeding site and 

etiology
If localized, consider resection, 

embolization

Pulmonary infarct Hypercoagulable 
state, risk for 
DVT, tachypnea, 
tachycardia, 
pleuritic chest pain, 
hemoptysis

CXR: wedge-shaped peripheral 
infi ltrate

Abnormal VQ scan or 
pulmonary arteriogram

Heparin anticoagulation
Consider thrombolysis and IVC 

fi lter

Airways
Asthma Wheezing (may be 

absent if severe 
airfl ow obstruction)

Reduced PEF, FEV1, VC β-Adrenergic blockers, 
corticosteroid, theophylline

Consider HELIOX
Chronic obstructive 

pulmonary disease 
(COPD)

Wheezing (infrequent), 
crackles, sputum 
production

ABG: hypoxemia, hypercarbia, 
normal pH

Titrate oxygen carefully to SaO2 
greater than 90% 

β-Adrenergic blockers, 
ipratropium bromide, 
corticosteroid, theophylline, 
antibiotics (if 
clinical evidence of 
infection)

Foreign body Witnessed aspiration CXR: frequent right upper lobe 
pneumonia

Bronchoscopy to localize 
and remove foreign 
body

Epiglottitis Odynophagia, drooling Lateral neck fi lms Racemic epinephrine, 
antibiotics, HELIOX

Vascular disease
Pulmonary embolus Hypercoagulable 

state, risk for 
DVT, tachypnea, 
tachycardia, 
pleuritic chest pain, 
hemoptysis

CXR: nonspecifi c
Abnormal VQ scan or 

pulmonary arteriogram

Heparin anticoagulation
Consider thrombolysis and IVC 

fi lter
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of impaired central respiratory drive, and inhaled 
bronchodilators and systemic corticosteroids are 
used in the case of underlying bronchospasm.

Acute Respiratory Distress Syndrome
ARDS is a complex clinical syndrome that carries a 
high risk for mortality. ARDS may be precipitated by 
either direct or indirect pulmonary injury (Box 17-5). 
ARDS is characterized by pathological changes in 
lung vascular tissue, increased lung edema, and 
impaired gas exchange that ultimately lead to refrac-
tory hypoxemia (Fig. 17-1). ARDS is at the extreme 
end of a continuum of hypoxic acute lung injury 
(ALI) that results in respiratory failure (Table 17-4).

Systemic infl ammatory response syndrome (SIRS) 
describes an infl ammatory response occurring through-
out the body as a result of some systemic insult. (The 
criteria that defi ne SIRS are given in Box 17-6, and 
SIRS is discussed in more detail in Chapter 33.)

Often, patients with SIRS develop multisystem 
organ dysfunction syndrome (MODS) and the respi-
ratory system is usually the earliest organ system 
involved. The respiratory system dysfunction pres-
ents as ARDS.

RED FLAG! Critical care nurses must be vigilant for 
 early warning signs of ARDS. Monitoring patients 
 who meet the criteria for SIRS (see Box 17-6) may 
 aid in identifying those who are at risk for ARDS. An 
 unexplained increase in respiratory rate may be a 
 sign of impending ALI or ARDS and should not be 
 taken lightly. Other changes in vital signs include 
 hypotension, tachycardia, and hyper-or hypothermia.

failure), endotracheal intubation and mechanical ven-
tilation may be lifesaving. Box 17-4 lists indications 
for intubation and ventilation. The initial assessment 
and the decision to initiate mechanical ventilation 
should be performed rapidly. Controlled oxygen ther-
apy and mechanical ventilation are used to increase 
PaO2 (by increasing the FiO2) and to normalize pH 
(by increasing minute ventilation).

In patients with acute hypoxemic respiratory fail-
ure, the FiO2 should be rapidly increased to main-
tain an arterial oxygen saturation (SaO2) of 90% 
or higher. These patients require continuous pulse 
oximetry monitoring. Once hypoxemia is reversed, 
oxygen is titrated to the minimum level necessary 
for correction of hypoxemia and prevention of 
 signifi cant carbon dioxide retention.

Patients with acute hypercapnic respiratory fail-
ure are immediately assessed for either an impaired 
central respiratory drive associated with sedative 
or narcotic use or for underlying bronchospasm 
secondary to an asthma exacerbation or COPD. 
Reversal agents (eg, naloxone) are used in the case 

B O X  1 7 - 4   Indications for Intubation and 
Ventilation in Acute Respiratory 
Failure

• Depressed mental status or coma
• Severe respiratory distress
• Extremely low or agonal respiratory rate
• Obvious respiratory muscle fatigue
• Peripheral cyanosis
• Impending cardiopulmonary arrest

TA B L E  1 7 - 3 Evaluation and Management of Common Causes of Acute Respiratory Failure (continued)

Etiology Key Clinical Findings Key Diagnostic Tests Specifi c Therapy

Lymphatic disease
Lymphangitic 

carcinomatosis
History of neoplasm CXR: reticular infi ltrates

Cytology from PA catheter
Treat underlying disease

Acute Hypercapnic (Type II) Respiratory Failure: Normal Alveolar–Arterial Gradient

Reduced FiO2

CNS depression

Geographic location 
(altitude)

History of drug overdose, 
head trauma, or anoxic 
encephalopathy 
Comatose

Ambient FiO2

Response to naloxone
Toxicology screen
Electrolytes (glucose, calcium, 

sodium)
Head CT, EEG

Change location

Naloxone, charcoal
Correct electrolytes
Neurological evaluation

Neuromuscular 
dysfunction

History of neuromuscular 
blockade, neck trauma, 
or neuromuscular 
disease

Cervical spine fi lms
CXR: elevated hemidiaphragms
PFTs: reduced VC, NIF, PEF in 

supine position

Stabilize cervical spine
Discontinue paralytics
Noninvasive ventilation

AFB, acid-fast bacilli; ANCA, antineutrophilic cytoplasmic antibody; anti-GBM, antiglomerular basement 
membrane antibody; CBC, complete blood cell count; CNS, central nervous system; CT, computed 
tomography; CXR, chest x-ray; DVT, deep venous thrombosis; ECG, electrocardiogram; EEG, 
electroencephalogram; HELIOX, helium and oxygen mixture; IVC, inferior vena cava; LVEDP, left ventricular 
end-diastolic pressure; NIF, negative inspiratory force; PA, pulmonary artery; PAOP, pulmonary artery 
occlusion pressure; PEF, peak expiratory fl ow; PEFR, peak expiratory fl ow rate; PFTs, pulmonary function 
tests; VC, vital capacity.
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Direct or indirect
lung injury

Mediator
release

Alveolar
epithelial changes

Shift in fluid
and protein

Type I 
cell damage

Thickened
alveolar–capillary

membrane

Impaired
gas diffusion

Type II
cell dysfunction

Surfactant
function

Surface tension
and    compliance

Increased capillary 
permeability

Interstitial
pulmonary edema

Alveolar
collapse

Ventilation–
perfusion mismatch

Work of
breathing

Intrapulmonary
shunt

Hypoxemia
refractory to

supplemental
oxygen

Endothelial
changes

Pulmonary
vasoconstriction

Regionally altered
flow state

F I G U R E  1 7 - 1  The pathophysiological cascade in acute respiratory distress syndrome (ARDS) is initiated by 
injury resulting in mediator release. The multiple effects result in changes to the alveoli, vascular tissue, and 
bronchi. The ultimate effect is ventilation–perfusion mismatching and refractory hypoxemia.

B O X  1 7 - 5   Precipitating Causes of Acute Respiratory Distress Syndrome (ARDS)

Direct Injury
• Aspiration (gastric fl uids, drowning)
• Infectious pneumonia
• Lung contusions with trauma
• Toxic inhalation
• Upper airway obstruction (relieved)
• Severe acute respiratory syndrome (SARS) 

coronavirus
• Neurogenic pulmonary edema
• Acute eosinophilic pneumonia
• Bronchiolitis obliterans with organizing pneumonia 

(BOOP)
• Military tuberculosis

Indirect Pulmonary Injury
• Sepsis
• Burns
• Trauma
• Blood transfusion (transfusion-related acute lung 

injury [TRALI])
• Lung or bone marrow transplantation
• Drug or alcohol overdose
• Drug reaction
• Cardiopulmonary bypass
• Acute pancreatitis
• Multiple fractures
• Venous air embolism
• Amniotic fl uid embolism
• Pancreatitis
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ARDS progresses in stages:

• Stage 1. The patient exhibits increased dyspnea 
and tachypnea, but there are few radiographic 
changes. Within 24 hours, the symptoms of respi-
ratory distress increase in severity, with coarse 
bilateral crackles on auscultation, and radio-
graphic changes consistent with patchy infi ltrates 
(fl uid-fi lled alveoli alongside collapsed alveoli).

• Stage 2, the exudative stage, is marked by medi-
ator-induced interstitial and alveolar edema. The 
endothelial and epithelial beds are increasingly 
permeable to proteins. The hypoxia is resistant to 
supplemental oxygen administration, and mechan-
ical ventilation is usually required to maintain 
oxygenation.

• Stage 3, the proliferative stage, is characterized 
by hemodynamic instability, generalized edema, 
the possible onset of hospital-acquired infections, 
increased hypoxemia, and lung involvement. 
Evidence of SIRS is present.

• Stage 4, the fi brotic stage, is typifi ed by progres-
sive lung fi brosis and emphysematous changes 
resulting in increased dead space. Fibrotic lung 
changes result in ventilation management diffi cul-
ties, with increased airway pressure and develop-
ment of pneumothoraces.

Assessment
ARDS symptoms typically develop within a few hours 
to several days after the inciting insult. The clinical 
presentation includes tachypnea, dyspnea, use of 
accessory muscles, and severe acute hypoxia resis-
tant to improvement with supplemental oxygen. 
Patients with acute respiratory failure may exhibit 
neurological changes (eg, restlessness, agitation) 
associated with impaired oxygenation and decreased 
perfusion to the brain.

As pathological changes progress, lung auscul-
tation may reveal crackles and rhonchi secondary 
to an increase in secretions and narrowed airways. 
Decreases in SaO2 are early signs of impending 
decompensation. Lethargy is an ominous sign and 
indicates the immediate need for interventions to 
support ventilation and oxygenation. Multisystem 

The Older Patient. People who are 65 years of age 
or older are at increased risk for multisystem organ 
involvement with less chance of recovering from 
ARDS; therefore, the mortality rate is increased in 
this population.

Pathophysiology
In ARDS, diffuse alveolar–capillary membrane 
damage occurs, increasing membrane permeabil-
ity and allowing fl uids to move from the vascular 
space into the interstitial and alveolar spaces. Air 
spaces fi ll with blood, proteinaceous fl uid, and 
debris from degenerating cells, causing interstitial 
and intra-alveolar edema and impairing oxygen-
ation (Fig. 17-2). In addition, infl ammatory media-
tors cause the pulmonary vascular bed to constrict, 
resulting in pulmonary hypertension and reduced 
blood fl ow to portions of the lung.

The pathological changes affect the mechanics 
of breathing. Surfactant is lost, resulting in alveo-
lar collapse. Lung compliance is reduced as a result 
of the stiffness of the fl uid-fi lled, nonaerated lung. 
Mediator-induced bronchoconstriction causes air-
way narrowing and increased airway resistance. As 
a result of reduced lung compliance and increased 
airway resistance, ventilation is impaired. As airway 
pressures rise, the lung is traumatized, resulting in 
further lung tissue damage.

TA B L E  1 7 - 4 Comparison of Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS)

Criterion ALI ARDS

PaO2 /FiO2 ratio, regardless of PEEP 
level

Less than 300 Less than 200

Chest radiograph Bilateral infi ltrates Bilateral infi ltrates
PAOP Less than 18 mm Hg or no indication 

of left atrial hypertension
Less than 18 mm Hg or no indication of 

left atrial hypertension

PaO2 /FiO2 ratio, ratio of arterial oxygen to inspired oxygen; PAOP, pulmonary artery occlusion pressure; 
PEEP, positive end-expiratory pressure; ALI, Acute lung injury; ARDS, Acute Respiratory Distress Syndrome.
Adapted from Bernard GR, Artigas A, Brigham KL, et al: The American-European Consensus conference on 
ARDS: Defi nitions, mechanisms, relevant outcomes, and clinical trials co-ordination. Am J Respir Crit Care 
Med 149:818–824, 1994.

B O X  1 7 - 6   Systemic Infl ammatory Response 
Syndrome (SIRS) Criteria

SIRS is manifested by two or more of the following:

• Temperature greater than 100.4°F (38°C) or less than 
96.8°F (36°C)

• Heart rate greater than 90 beats/min
• Respiratory rate greater than 20 breaths/min or an 

arterial carbon dioxide tension (PaCO2) less than 
32 mm Hg

• White blood cell (WBC) count greater than 12,000 
cells/mm3 or less than 4000 cells/mm3 OR more than 
10% immature (band) forms
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Phase 5.  Sufficient oxygen cannot cross the alveolar–capillary 
membrane, but carbon dioxide (CO2) can and is lost with every 
exhalation. Oxygen (O2) levels decrease in the blood. 

Phase 3.  As capillary permeability increases, proteins and fluids
leak out, increasing interstitial osmotic pressure and causing pul-
monary edema.

Phase 2.  Those substances, especially histamine, inflame and dam-
age the alveolar–capillary membrane, increasing capillary permeabili-
ty. Fluids then shift into the interstitial space.

Phase 1.  Injury reduces normal blood flow to the lungs.  Platelets
aggregate and release histamine (H), serotonin (S), and
bradykinin (B).

Alveolus

Capillary

Phase 4.  Decreased blood flow and fluids in the alveoli damage
surfactant and impair the cell’s ability to produce more. As a re-
sult, alveoli collapse, impeding gas exchange and decreasing lung
compliance.

Phase 6.  Pulmonary edema worsens, inflammation leads to fibro-
sis, and gas exchange is further impeded.

F I G U R E  1 7 - 2  In acute respiratory distress syndrome (ARDS), changes in lung epithelium and vascular 
endothelium result in fl uid and protein movement, changes in lung compliance, and disruption of the alveoli 
with accompanying hypoxia. (From Anatomical Chart Company: Atlas of Pathophysiology, 3rd ed. Ambler, 
PA: Lippincott Williams & Wilkins, 2010, pp 81, 83.)
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Arterial Blood Gases 
Deterioration of ABGs, despite interventions, is 
a hallmark of ARDS. Initially, hypoxemia may 
improve with supplemental oxygen; however, 
refractory hypoxemia and a persistently low SaO2 
eventually develop. Early in acute respiratory fail-
ure, dyspnea and tachypnea are associated with a 
decreased PaCO2 and development of respiratory 
alkalosis. Hypercarbia develops as gas exchange and 
ventilation become increasingly impaired.

An intrapulmonary shunt is the common ventila-
tion–perfusion mismatch in ARDS. It involves alve-
oli that are not being ventilated but are still being 
perfused. The intrapulmonary shunt fraction may 
be estimated using the PaO2/FiO2 ratio. In general, a 
PaO2/FiO2 ratio greater than 300 is normal, a value 
of 200 is associated with an intrapulmonary shunt 
of 15% to 20%, and a value of 100 is associated 
with an intrapulmonary shunt of more than 20%. 
Advanced respiratory failure and ARDS are associ-
ated with a shunt of 15% or more. As the intrapul-
monary shunt increases to 15% and greater, more 

involvement becomes evident as highly perfused 
organ systems respond to decreased oxygen delivery 
with diminished function.

Diagnostic criteria for ARDS include a PaO2/ FiO2 
ratio less than or equal to 200, bilateral infi ltrates 
on chest radiograph, and no cardiogenic etiology 
for the pulmonary edema. Radiographic evidence, 
brain-type natriuretic peptide (BNP) levels, or a pul-
monary artery occlusion pressure (PAOP) less than 
18 cm H2O may be used to rule out a cardiogenic 
etiology.10 Cytology of bronchoalveolar fl uid may be 
useful for diagnosing diffuse alveolar damage (DAD), 
an early feature of ARDS. Because the tissue hypoxia 
that occurs in ARDS results in anaerobic metabo-
lism, serum lactate levels may be elevated (lactic 
acid is a by-product of anaerobic metabolism).

Lung compliance and airway resistance can be 
evaluated by assessing ventilator pressures (ie, mean 
airway pressure [MAP], peak inspiratory pressure 
[PIP], plateau pressure) and tidal volume changes 
during ventilation. Throughout the stages of ARDS, 
diagnostic tests are also used for ongoing assess-
ment (Table 17-5).

TA B L E  1 7 - 5 Assessment of Acute Respiratory Distress Syndrome (ARDS)

Stage Physical Examination Diagnostic Test Results

Stage 1 (fi rst 
12 h)

• Restlessness, dyspnea, tachypnea
• Moderate to extensive use of 

accessory respiratory muscles

• ABGs: Respiratory alkalosis (hypocarbia)
• CXR: No radiographic changes
• Chemistry: Blood results may vary depending on 

precipitating cause (eg, elevated WBC count, changes in 
hemoglobin)

• Hemodynamics: Elevated pulmonary artery pressure, 
normal or low pulmonary artery occlusion pressure (PAOP)

Stage 2 (24 h) • Severe dyspnea, tachypnea, 
cyanosis, tachycardia

• Coarse bilateral crackles
• Decreased air entry to dependent 

lung fi elds
• Increased agitation and 

restlessness

• ABGs: Decreased arterial oxygen saturation (SaO2) despite 
supplemental oxygen administration

• CXR: Patchy bilateral infi ltrates
• Chemistry: Increasing metabolic acidosis depending on 

severity of onset
• Hemodynamics: Increasingly elevated pulmonary artery 

pressure, normal or low PAOP
Stage 3 (2–10 d) • Decreased air entry bilaterally

• Impaired responsiveness (may be 
related to sedation necessary to 
maintain mechanical ventilation)

• Decreased gut motility
• Generalized edema
• Poor skin integrity and breakdown

• ABGs: Worsening hypoxemia
• CXR: Air bronchograms, decreased lung volumes
• Chemistry: Signs of other organ involvement: decreased 

platelets and hemoglobin, increased WBC count, abnormal 
clotting factors

• Hemodynamics: Unchanged or becoming increasingly worse

Stage 4 (greater 
than 10 d)

• Symptoms of MODS, including 
decreased urine output, poor 
gastric motility, symptoms of 
impaired coagulation

OR
• Single-system involvement of the 

respiratory system with gradual 
improvement over time

• ABGs: Worsening hypoxemia and hypercapnia
• CXR: Air bronchograms, pneumothoraces
• Chemistry: Persistent signs of other organ involvement: 

decreased platelets and hemoglobin, increased WBC count, 
abnormal clotting factors

• Hemodynamics: Unchanged or becoming increasingly worse

ABGs, arterial blood gases; CXR, chest radiograph; MODS, multisystem organ dysfunction syndrome; 
WBC, white blood cell.
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• Use of the lowest FiO2 that results in adequate oxy-
genation (reduces the risk for oxygen toxicity)

• Use of small tidal volumes (6 mL/kg predicted 
body weight) to minimize airway pressures and 
prevent or reduce lung damage from barotrauma 
and volutrauma

• Use of adequate positive end-expiratory pressure 
(PEEP) to prevent repetitive collapsing and open-
ing of alveolar sacs, facilitating diffusion of gases 
across the alveolar–capillary membrane and 
reducing the FiO2 requirement (recommended 
values for PEEP are 10 to 15 cm H2O, but val-
ues in excess of 20 cm H2O are acceptable to 
reduce FiO2 requirements or maintain adequate 
oxygenation)

• Limiting plateau pressures to 30 cm H2O
12

The Older Patient. Decreased maximal oxygen 
uptake associated with decreased lung volumes 
puts elderly patients at greater risk for ventilator-
associated lung injury (VALI).

Permissive hypercapnia is a strategy that entails 
reducing the tidal volume and allowing the PaCO2 
to rise without making ventilator changes in respi-
ratory rate or tidal volume. Minimizing the tidal 
volume, respiratory rate, or both limits the plateau 
and peak airway pressures and helps to prevent lung 
injury. A PaCO2 between 55 and 60 mm Hg and a pH 
of 7.25 to 7.35 are tolerated when achieved gradu-
ally. The increase in PaCO2 must be monitored to 
prevent too rapid a rise, and overall values should 
be no greater than 80 to 100 mg Hg because of the 
potential effects on cardiopulmonary function. 
Permissive hypercapnia is not used for patients with 
cardiac or neurological involvement.

Several modes of mechanical ventilation are 
directed toward minimizing airway pressures and 
iatrogenic lung injury associated with conventional 
volume-controlled mechanical ventilation:13

• Pressure-controlled ventilation (PCV) lim-
its the PIP to a set level and uses a decelerating 
inspiratory airfl ow pattern to minimize the peak 
pressure while delivering the necessary tidal 
volume. Patients on PCV typically require seda-
tion and pharmacological paralysis to prevent 
attempts at breathing and dyssynchrony with 
the ventilator.

• Airway pressure release ventilation (APRV) is 
similar to PCV but has the advantage of allow-
ing the patient to initiate breaths; therefore, these 
patients do not require the same level of sedation 
or paralysis that is required with PCV.

• Inverse-ratio ventilation (IRV) is used to improve 
alveolar recruitment. Reversal of the normal 
inspiratory:expiratory (I:E) ratio to 2:1 (and up 
to 4:1) prolongs inspiration time, preventing com-
plete exhalation. This increases the end-expiratory 
volume, creating auto-PEEP (intrinsic PEEP) that 
is added to the applied extrinsic PEEP. Advantages 
are thought to include reduced alveolar pressures 
and overall PEEP levels. Sedatives or paralytics 

aggressive interventions, including mechanical ven-
tilation, are required because this level of shunt is 
associated with profound hypoxemia and may be 
life threatening.

Radiographic Studies
Another hallmark of ARDS is patchy bilateral 
alveolar infi ltrates on the chest radiograph. These 
patchy infi ltrates progress to diffuse infi ltrates, and 
consolidation (“white out”) of the chest. CT of the 
chest also shows areas of infi ltrates and consoli-
dation of lung tissue. Daily chest radiographs are 
important in the continuing evaluation of the pro-
gression and resolution of ARDS and for ongoing 
assessment of potential complications, especially 
pneumothoraces.

Management
Treatment is supportive. Contributing factors are 
corrected, and while the lungs heal, care is taken 
to prevent further damage. Care “bundles” repre-
senting evidence-based protocols that have been 
shown to reduce major complications in critically 
ill patients are often employed in the management 
of ARDS (Box 17-7).11 A collaborative care guide for 
the patient with ARDS is given in Box 17-8.

Mechanical Ventilation
Mechanical ventilation is used to deliver appropri-
ate levels of oxygen and allow for removal of carbon 
dioxide. Lung-protective ventilation strategies limit 
ventilator-associated lung injury (VALI) and include

B O X  1 7 - 7   Care “Bundles” in Critical Care

Ventilator-associated pneumonia (VAP) 
“bundle” basics

• Head of the bed elevated 30 to 45 degrees
• Daily weaning assessment (spontaneous breathing 

trials)
• Daily sedation withholding
• Weaning protocol
• Deep vein thrombosis (DVT) prophylaxis
• Peptic ulcer prophylaxis

Sepsis “bundle” basics

• Appropriate antibiotic therapy
• Early goal-directed fl uid resuscitation
• Steroid administration
• Activated protein C
• DVT prophylaxis
• Peptic ulcer prophylaxis

Other protocols that may be added

• Tight glucose control
• Postpyloric tube feeding
• Subglottic suctioning
• Electrolyte replacement
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B O X  1 7 - 8  C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Acute Respiratory 
Distress Syndrome (ARDS)

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
A patent airway is maintained.
A PaO2/FiO2 ratio of 200–300 

or more is maintained, if 
possible.

Auscultate breath sounds q2–4h and PRN.
Intubate to maintain oxygenation and ventilation and decrease work 

of breathing.
Suction endotracheal airway when appropriate. Hyperoxygenate and 

hyperventilate before and after each suction pass.
The patient does not experience 

ventilator-associated lung 
injury (VALI).

Maintain a low tidal volume (<6 mL/kg), a plateau pressure ≤30 cm H2O, and 
PEEP levels titrated to pressure–volume curve.

Monitor airway pressures q1–2h and after suctioning.
Administer bronchodilators and mucolytics.
Consider a change in ventilator mode to prevent barotrauma and volutrauma.

The patient does not develop 
atelectasis or VAP and 
oxygenation is improved.

Turn side to side q2h.
Perform chest physiotherapy q4h, if tolerated.
Elevate head of bed 30 degrees.
Obtain daily chest x-ray.

The patient’s oxygenation is 
maximized, as evidenced by a 
PaO

2 of 55–80 mm Hg or an 
SaO2 of 88%–95%.

Monitor pulse oximetry and end-tidal CO2.
Monitor ABGs as indicated by changes in noninvasive parameters.
Monitor intrapulmonary shunt (Qs/Qt and PaO2/FiO2 ratio).
Increase PEEP and FiO2 to decrease intrapulmonary shunting, using lowest 

possible FiO2.
Consider permissive hypercapnia to maximize oxygenation.
Monitor for signs of barotrauma, especially pneumothorax.
Consider risk for oxygen toxicity and decrease FiO2 to <60% as soon as able.

 

Circulation/Perfusion
Blood pressure, cardiac output, 

central venous pressure, and 
pulmonary artery pressures 
remain stable on mechanical 
ventilation.

Assess hemodynamic effects of initiating positive-pressure ventilation (eg, 
potential for decreased venous return and cardiac output).

Monitor ECG for dysrhythmias related to hypoxemia.
Assess effects of ventilator setting changes (inspiratory pressures, tidal volume, 

PEEP, and FiO2) on hemodynamic and oxygenation parameters.
Administer intravascular volume as ordered to maintain preload.

Blood pressure, heart rate, and 
hemodynamic parameters 
are optimized to therapeutic 
goals (eg, DaO2 > 600 mL O2/
m2).

Monitor vital signs q1–2h.
Monitor pulmonary artery pressures and RAP qh and cardiac output, systemic 

vascular resistance, peripheral vascular resistance, DaO2, and oxygen 
consumption (VO2) q6–12h, if pulmonary artery catheter is in place.

Administer intravascular volume as indicated by actual or relative hypovolemia, 
and evaluate response.

Consider monitoring gastric mucosal pH as a guide to systemic 
perfusion.

Serum lactate is within normal 
limits.

Monitor lactate as required until it is within normal 
limits.

Administer RBCs, positive inotropic agents, and colloid infusion as ordered to 
increase oxygen delivery.

 

Fluids/Electrolytes
The patient is euvolemic.
Urine output is >30 mL/h (or 

>0.5 mL/kg/h).

Monitor hydration status to reduce viscosity of lung secretions.
Monitor I&O.
Avoid use of nephrotoxic substances and overuse of diuretics.
Administer fl uids and diuretics to maintain intravascular volume and renal 

function.
There is no evidence of 

electrolyte imbalance or renal 
dysfunction.

Replace electrolytes as ordered.
Monitor BUN, creatinine, serum osmolality, and urine electrolytes 

as required.
(continued on page 240)
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B O X  1 7 - 8  C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Acute Respiratory 
Distress Syndrome (ARDS) (continued)

OUTCOMES INTERVENTIONS
 

Mobility/Safety
The patient does not develop 

complications related to bed 
rest and immobility.

Initiate DVT prophylaxis.
Reposition frequently.
Mobilize to chair when acute phase is past and hemodynamic stability and 

hemostasis are achieved.
Consult physiotherapist.
Conduct range-of-motion and strengthening exercises when patient is able.

Physiological changes are 
detected and treated without 
delay.

Monitor mechanical ventilator alarms and settings and patient parameters 
(eg, tidal volume) q1–2h.

Ensure appropriate settings and narrow limits for hemodynamic, heart rate, and 
pulse oximetry alarms.

There is no evidence of infection; 
WBC count is within normal 
limits.

Monitor for SIRS criteria (increased WBC count, increased temperature, 
tachypnea, tachycardia).

Use strict aseptic technique during procedures, and monitor others.
Maintain sterility of invasive catheters and tubes.
Change chest tube and other dressings and invasive catheters.
Culture blood and other fl uids and line tips when they are changed.

 

Skin Integrity
Patient is without evidence of 

skin breakdown.
Assess skin q4 h and each time patient is repositioned.
Turn q2 h.
Consider pressure relief/reduction mattress, kinetic therapy bed, or prone 

positioning.
Use Braden Scale to assess risk for skin breakdown.

Nutrition
Nutritional intake meets 

calculated metabolic need 
(eg, basal energy expenditure 
equation).

Consult dietitian for metabolic needs assessment and recommendations.
Provide enteral nutrition within 24 h.
Consider small bowel feeding tube if gastrointestinal motility is an issue for 

enteral feeding.
Monitor lipid intake.
Monitor albumin, prealbumin, transferrin, cholesterol, triglycerides, and glucose.

 

Comfort/Pain Control
Patient is as comfortable as 

possible (as evidenced 
by stable vital signs or 
cooperation with treatments 
or procedures).

Document pain assessment, using numerical pain rating or similar scale when possible.
Provide analgesia and sedation as indicated by assessment.
Monitor patient’s cardiopulmonary and pain response to medication.
If patient is receiving NMB for ventilatory control:
Use peripheral nerve stimulator to assess pharmacological paralysis.
Provide continuous or routine (q1–2h) IV sedation and analgesia.

 

Psychosocial
Patient demonstrates decreased 

anxiety.
Assess vital signs during treatments, discussions, and the like.
Cautiously administer sedatives.
Consult social services, clergy, as appropriate.
Provide for adequate rest and sleep.

 

Teaching/Discharge 
Planning
Patient and family understand 

procedures and tests needed 
for treatment.

Prepare patient and family for procedures (eg, bronchoscopy), pulmonary artery 
catheter insertion, or laboratory studies.

Explain the causes and effects of ARDS and the potential for complications (eg, 
sepsis, barotrauma, renal failure).

Patient and family understand 
the severity of the illness, 
ask appropriate questions, 
and anticipate potential 
complications.

Encourage patient and family to ask questions related to the ventilator, the 
pathophysiology of ARDS, monitoring, and treatments.
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shorter time spent in the critical care unit, actual 
mortality is unchanged.15

• Neuromuscular blocking (NMB) agents and seda-
tives (eg, propofol) are used to decrease the work 
of breathing and facilitate ventilation for patients 
with ARDS. Frequent assessment of the adequacy 
of both neuromuscular blockade and sedation is 
important.

Nutritional Support
Early initiation of nutritional support (via enteral 
feeding) is essential for patients with ARDS because 
nutrition plays an active therapeutic role in recov-
ery from critical illness.16 The mechanism through 
which enteral feeding improves outcomes remains 
unproved, but the reduction in mortality in critically 
ill patients who are enterally fed indicates that this 
practice is of general benefi t. Patients with ARDS usu-
ally require 35 to 45 kcal/kg/day. High-carbohydrate 
solutions are avoided to prevent excess carbon diox-
ide production. When parenteral nutrition must be 
used, lipid emulsions are judiciously administered 
to avoid up-regulation of the infl ammatory response 
(many key mediators of infl ammation are derived 
from lipids). Amino acid supplementation is being 
reviewed because of the role amino acids play in the 
immune response.16

Prevention of Complications
Complications of ARDS are primarily related to 
SIRS, VALI, VAP, and immobility imposed by criti-
cal illness. Prevention or reduction in the incidence 
of VAP can be accomplished through the use of in-
line suction catheters. The use of an endotracheal 
tube that allows continuous or intermittent sub-
glottic suctioning (allowing for removal of pooled 
secretions above the cuff) has been shown to reduce 
aspiration of secretions associated with VAP.17 
Elevating the head of the bed 30 degrees and post-
pyloric feeding tube placement also reduce VAP by 
reducing microaspiration.

The Older Patient. Because of increased 
immunosuppression with aging, older patients with 
ARDS are at greater risk for VAP.

Pleural Effusion
Pleural effusion is the accumulation of pleural fl uid 
in the pleural space due to an increased rate of fl uid 
formation, a decreased rate of fl uid removal, or 
both.18 Possible underlying mechanisms include

• Increased pressure in the subpleural capillaries or 
lymphatics

• Increased capillary permeability
• Decreased colloid osmotic pressure of the blood
• Increased intrapleural negative pressure
• Impaired lymphatic drainage of the pleural space

are required with this therapy to improve patient 
tolerance.

• High-frequency ventilation uses very low 
tidal volumes delivered at rates that can exceed 
100 breaths/min, resulting in lower airway pres-
sures and reduced barotrauma. Deleterious effects 
of high-frequency ventilation include increased 
trapping of air in the alveoli (auto-PEEP) and 
increased MAPs.

Other ventilation therapies, including partial liquid 
ventilation,14 and extracorporeal lung-assist technol-
ogy,13 while showing effectiveness in some studies, 
have not demonstrated consistent improvements in 
patient outcomes in ARDS.

Prone Positioning
Prone positioning improves pulmonary gas exchange 
by improving ventilation–perfusion matching, facili-
tates pulmonary drainage in the dorsal lung regions, 
and aids resolution of consolidated alveoli that are 
dependent when the patient is in the supine posi-
tion. The evidence for the effectiveness of proning is 
variable.10 There are alternative explanations for the 
improved oxygenation associated with the position-
ing, and the question of whether the improvement 
in oxygenation persists beyond a short time remains 
controversial. The associated risks include loss of 
airway control through accidental extubation, loss 
of vascular access, facial edema and development of 
pressure areas, and diffi culties with cardiopulmo-
nary resuscitation (CPR).

Pharmacotherapy
Pharmacotherapy for patients with ARDS is largely 
supportive.

• Antibiotic therapy is appropriate in the presence 
of a known microorganism but should not be 
used prophylactically because it has not shown to 
improve outcome.

• Bronchodilators are useful for maintaining air-
way patency and reducing the infl ammatory 
reaction and accumulation of secretions in the 
airways. The response to therapy is evaluated by 
monitoring airway resistance pressures and lung 
compliance.

• Administration of exogenous surfactant to adults 
with ARDS has shown some potential but requires 
further investigation.

• Administration of corticosteroids to decrease the 
infl ammatory response in late stages of ARDS has 
been used. However, a large randomized controlled 
clinical trial did not show improvement in 60-day 
mortality, and therefore the routine use of corti-
costeroids is not recommended.10 Corticosteroids 
continue to be used on a case-by-case basis until 
further research is completed.

• Diuretics and reduced fl uid administration have 
been studied to reduce lung edema. Although 
these strategies result in fewer ventilator days and 
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Pleural effusions may be transudative or exudative. 
Transudative pleural effusions are an ultrafi ltrate of 
plasma, indicating that the pleural membranes are 
not diseased. The fl uid accumulation may be unilat-
eral or bilateral. Causes of transudative pleural effu-
sions include heart failure (the most common cause in 
the critical care unit), atelectasis, cirrhosis, nephrotic 
syndrome, malignancy, and peritoneal dialysis.

Seventy percent of pleural effusions are exuda-
tive.19 Exudative pleural effusions result from leak-
age of fl uid with a high protein content across an 
injured capillary bed into the pleura or adjacent 
lung. Pneumonia and malignancies are the fi rst and 
second most common causes of exudative pleural 
effusions, respectively. Other causes include pulmo-
nary embolism, hemothorax, empyema (gross pus 
in the pleural space), and chylothorax (chyle or a 
fatty substance in the pleural space).19

Assessment
Subjective fi ndings include shortness of breath 
and pleuritic chest pain, depending on the amount 
of fl uid accumulation. Objective fi ndings include 
tachypnea and hypoxemia if ventilation is impaired, 
dullness to percussion, and decreased breath sounds 
over the involved area.

Diagnosis can be made by a chest radiograph, an 
ultrasound, or a CT scan; however, a lateral decu-
bitus chest radiograph permits the best demonstra-
tion of free pleural fl uid. When a pleural effusion 

TA B L E  1 7 - 6 Assessment of Pleural Fluid

Test Comment

Red blood cell (RBC) count greater than 
100,000/mm3

Trauma, malignancy, pulmonary embolism

Hematocrit greater than 50% of peripheral blood Hemothorax
White blood cell (WBC) count

Greater than 50,000–100,000/mm3 Grossly visible purulent drainage, otherwise total WBC less useful 
than WBC differential

Greater than 50% Neutrophils Acute infl ammation or infection
Greater than 50% Lymphocytes Tuberculosis, malignancy
Greater than 10% Eosinophils Most common: hemothorax, pneumothorax; also benign
Greater than 5% Mesothelial cells Asbestos effusions, drug reaction, paragonimiasis; tuberculosis less 

likely
Glucose less than 60 mg/dL Infection, malignancy, tuberculosis, rheumatoid
Amylase greater than 200 units/dL Pleuritis, esophageal perforation, pancreatic disease, malignancy, 

ruptured ectopic pregnancy
Isoenzyme profi le: salivary–esophageal disease, malignancy 

(especially lung)
pH less than 7.2 Isoenzyme profi le: pancreatic–pancreatic disease

Infection (complicated parapneumonic effusion and empyema), 
malignancy, esophageal rupture, rheumatoid or lupus pleuritis, 
tuberculosis, systemic acidosis, urinothorax

Triglyceride greater than 110 mg/dL Chylothorax
Microbiological studies Etiology of infection
Cytology Diagnostic of malignancy

Adapted from Sahn SA: State of the art: The pleura. Am Rev Respir Dis 138:184–234, 1988. From 
Zimmerman LH: Pleural effusions. In Goldstein RH, et al (eds): A Practical Approach to Pulmonary 
Medicine. Philadelphia, PA: Lippincott-Raven, 1997, p 199.

is confi rmed radiologically, diagnostic thoracentesis 
is performed to obtain a sample of pleural fl uid for 
analysis (Table 17-6). Analysis of the pleural fl uid is 
necessary to distinguish transudative from exuda-
tive effusions.

Management
Treatment entails addressing the underlying cause. 
Removal of the pleural effusion by thoracentesis or 
chest tube placement may be indicated depending 
on the etiology and size of effusion. The primary 
indication for therapeutic thoracentesis is relief of 
dyspnea.

Pneumothorax
A pneumothorax occurs if air enters the pleural 
space, producing partial or complete lung collapse.

Pathophysiology
During spontaneous breathing, the pleural pressure 
remains negative in both inspiration and expiration 
but increased negativity with inspiration. Pressure 
in the airways is positive during expiration and 
negative during inspiration. Therefore, airway pres-
sure remains higher than pleural pressure through-
out the respiratory cycle. Sudden communication 
of the pleural space with either alveolar or external 
air allows gas to enter, changing the pressure from 
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Open pneumothorax

Inspiration Expiration

Inspiration Expiration

Tension pneumothorax

F I G U R E  1 7 - 3  Open (communicating) pneumothorax (top) and ten-
sion pneumothorax (bottom). In an open pneumothorax, air enters 
the chest during inspiration and exits during expiration. There may 
be slight infl ation of the affected lung due to a decrease in pressure 
as air moves out of the chest. In tension pneumothorax, air can enter 
but not leave the chest. As the pressure in the chest increases, the 
heart and great vessels are compressed, and the mediastinal struc-
tures are shifted toward the opposite side of the chest. The trachea is 
pushed from its normal midline position toward the opposite side of 
the chest, and the unaffected lung is compressed.

negative to positive (Fig. 17-3). When the pleural 
pressure increases, the elasticity of the lung causes 
it to collapse. The lung continues to collapse until 
either the pressure gradient no longer exists or the 
pleural defect closes. Lung collapse produces a 
decrease in vital capacity, an increase in the alveo-
lar–arterial partial pressure of oxygen (PAO2–PaO2) 
gradient, a ventilation–perfusion mismatch, and an 
intrapulmonary shunt resulting in hypoxemia.

There are two types of pneumothorax:

• Spontaneous pneumothorax is any pneumotho-
rax that results from the introduction of air into 
the pleural space without obvious cause. Primary 
spontaneous pneumothorax occurs in the absence 
of underlying lung disease, and is most common 
in young, tall men. Family history and cigarette 
smoking are risk factors.9 Secondary spontaneous 
pneumothorax occurs as a complication of under-
lying lung disease (eg, COPD, asthma, cystic fi bro-
sis, Pneumocystis carinii pneumonia, necrotizing 
pneumonia, sarcoidosis, histiocytosis X).

• Traumatic pneumothorax occurs when the 
pressure of air in the pleural space exceeds the 
atmospheric pressure. As pressures in the thorax 
increase, the mediastinum shifts to the contralat-
eral side, placing torsion on the inferior vena cava 

and decreasing venous return to the right side of 
the heart (see Fig. 17-3). The most common causes 
of a traumatic pneumothorax in critically ill 
patients are invasive procedures and barotrauma 
associated with mechanical ventilation.

RED FLAG! Tension pneumothorax is a life-
 threatening condition manifested by hypoxemia (early 
 sign); apprehension; severe tachypnea; deviated 
 trachea on palpation; cardiovascular collapse 
 (manifested by a heart rate greater than 140 beats/
 min accompanied by peripheral cyanosis, hypotension, 
 or pulseless electrical activity); and increasing peak 
 and MAPs, decreasing compliance, and auto-PEEP in 
 patients receiving mechanical ventilation.

Assessment
The patient reports the sudden onset of acute pleu-
ritic chest pain localized to the affected lung. The 
pleuritic chest pain is usually accompanied by short-
ness of breath, increased work of breathing, and dys-
pnea. Chest wall movement may be uneven because 
the affected side does not expand as much as the 
 normal (unaffected) side. Breath sounds are dimin-
ished or absent on (unaffected) side. Tachycardia and 
tachypnea occurs frequently with pneumothoraces.

A chest radiograph is obtained with the patient 
in the upright or decubitus position. In a patient 
with a tension pneumothorax, the chest fi lm shows 
contralateral mediastinal shift, ipsilateral diaphrag-
matic depression, and ipsilateral chest wall expan-
sion. Chest CT may be used to confi rm the size of the 
pneumothorax. ABGs are used to assess for hypox-
emia and hypercapnia.

Management
Supplemental oxygen is administered to all patients 
with pneumothorax because oxygen accelerates the 
rate of air resorption from the pleural space.20 If 
the pneumothorax is 15% to 20%, no intervention 
is required, and the patient is placed on bed rest 
or limited activity.20 If the pneumothorax is greater 
than 20%, then a chest tube is placed in the pleu-
ral space, located at the midaxillary and is directed 
toward the second ICS, midclavicular line to assist 
air removal. In approximately one third of patients 
with COPD, persistent air leaks require multiple 
chest tubes to evacuate the pneumothorax.19

A tension pneumothorax requires immediate 
treatment; if untreated, it leads to cardiovascu-
lar collapse. When signs and symptoms of ten-
sion pneumothorax are present, treatment is not 
delayed to obtain radiographic confi rmation. If a 
chest tube is not immediately available, a large-
bore (16- or 18-gauge) needle is placed into the 
second intercostal space, midclavicular. After nee-
dle insertion, a chest tube is placed and connected 
to suction. When the tension pneumothorax is 
relieved, rapid improvement in oxygenation and 
hemodynamic parameters is seen.

Morton_Chap17.indd   243Morton_Chap17.indd   243 2/4/2012   3:15:49 PM2/4/2012   3:15:49 PM



244 P A R T  F O U R Respiratory System

B O X  1 7 - 9   Risk Factors for Thromboembolism

Strong Risk Factors
• Fracture of the hip, pelvis, or leg
• Hip or knee replacement
• Major general surgery
• Spinal cord injury/paralysis
• Major trauma

Moderate Risk Factors
• Arthroscopic knee surgery
• Central venous lines
• Malignancy
• Heart or respiratory failure
• Hormone replacement therapy, oral contraceptives
• Paralytic stroke
• Postpartum period
• Previous venous thromboembolism
• Thrombophilia

Weak Risk Factors
• Bed rest for more than 3 days
• Immobility due to sitting
• Increasing age
• Laparoscopic surgery
• Obesity
• Antepartum period
• Varicose veins

Risk Stratifi cation for Patients Undergoing 
Surgery

Low Risk
• Uncomplicated surgery in patients younger than 

40 years with minimal immobility postoperatively and 
no risk factors

Moderate Risk
• Any surgery in patients between the ages of 40 and 

60 years
• Major surgery in patients younger than 40 years with 

no other risk factors
• Minor surgery in patients with one or more risk 

factors

High Risk
• Major surgery in patients age 60 years and older
• Major surgery in patients between the ages of 40 and 

60 years with one or more risk factors

Very High Risk
• Major surgery in patients 40 years and older with 

previous venous thromboembolism, cancer, or known 
hypercoagulable state

• Major orthopedic surgery
• Elective neurosurgery
• Multiple trauma or acute spinal cord injury

From Blann AD, Lip GYH: Venous thromboembolism. BMJ 332(7535):215–219, 2006.

Pulmonary Embolism
Most incidents of pulmonary embolism occur when 
a thrombus breaks loose and migrates to the pulmo-
nary arteries, obstructing part of the pulmonary vas-
cular tree. Sites of clot formation include upper and 
lower extremities (deep venous thrombosis [DVT]), 
the right side of the heart, and the deep vessels of 
the pelvic region.21 Although most thrombi form 
in the calf, 80% to 90% of pulmonary emboli arise 
from venous thrombi that extend into the proximal 
popliteal and iliofemoral veins.22 Nonthrombotic 
causes of pulmonary embolism include fat, air, and 
amniotic fl uid but are much less common than 
thromboembolism.21

Thrombus formation is frequently bilateral and 
often asymptomatic. Risk factors for venous throm-
boembolism are listed in Box 17-9.

Pathophysiology
Three factors, known as Virchow’s triad, contribute 
to thrombus formation: venous stasis, hypercoagu-
lability, and damage to the vein wall. Conditions 
such as immobility, heart failure, dehydration, 
and varicose veins contribute to decreased venous 
return, increased retrograde pressure in the venous 
system, and stasis of blood with resultant throm-
bus formation. Hypercoagulability may occur in the 

presence of trauma, surgery, malignancy, or use of 
oral contraceptives.

Occlusion of a pulmonary artery by an embolus 
produces both pulmonary and hemodynamic 
changes:

• Pulmonary changes. Alveoli are ventilated but not 
perfused producing areas of ventilation– perfusion 
mismatch and gas exchange is compromised 
(alveolar deadspace). Accompanying physiologi-
cal changes include increased minute ventilation, 
decreased vital capacity, increased airway resis-
tance, and decreased diffusing capacity.21

• Hemodynamic changes. The severity of hemody-
namic change in pulmonary embolism depends on 
the size of the embolus, the degree of pulmonary 
vascular obstruction, and the preexisting status of 
the cardiopulmonary system. Increased right ven-
tricular afterload results from obstruction of the 
pulmonary vascular bed by embolism. Patients 
with preexisting cardiopulmonary disease may 
develop severe pulmonary hypertension from a rel-
atively small reduction of pulmonary blood fl ow.

Assessment
Both DVT and pulmonary embolism (venous throm-
boembolisms [VTE]) have nonspecifi c signs and 
symptoms and often, no signifi cant signs or symp-
toms are present, resulting in delayed treatment and 
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EVIDENCE-BASED PRACTICE GUIDELINES
 Venous Thromboembolism Prevention

PROBLEM: Almost all critically ill patients have at least one 
risk factor for venous thromboembolism. Taking measures 
to prevent venous thromboembolism reduces the morbid-
ity and mortality associated with deep venous thrombosis 
(DVT) and pulmonary embolism.

EVIDENCE-BASED PRACTICE GUIDELINES

1. Assess all patients on admission to the critical care unit 
for risk factors for venous thromboembolism and antici-
pate orders for venous thromboembolism prophylaxis 
based on risk assessment. (level D)

2. Review daily—with the physician and during multidis-
ciplinary rounds— each patient’s current risk factors 
for venous thromboembolism, including clinical status, 
the presence of a central venous catheter, the cur-
rent status of venous thromboembolism prophylaxis, 
the risk for bleeding, and the response to treatment. 
(level E)

3. Maximize patient mobility whenever possible and take 
measures to reduce the amount of time the patient 
is immobile because of the effects of treatment (eg, 
pain, sedation, neuromuscular blockade, mechanical 
 ventilation). (level E)

4. Ensure that mechanical prophylaxis devices are fi tted 
properly and in use at all time except when they must be 
removed for cleaning or inspection of the skin. (level E)

5 Implement regimens for venous thromboembolism pro-
phylaxis as ordered:
a. Moderate-risk patients (medically ill and postopera-

tive patients): low-dose unfractionated heparin, low- 
molecular-weight heparin (LMWH), or fondaparinux 
(level B)

b. High-risk patients (major trauma, spinal cord injury, 
orthopedic surgery): LMWH, fondaparinux, or oral 
 vitamin K antagonist (level B)

c. Patients at high risk for bleeding: mechanical prophy-
laxis, including graduated compression stockings, 
intermittent pneumatic compression devices, or both 
(level B)

KEY

Level A: Meta-analysis of quantitative studies or metasynthesis of 
qualitative studies with results that consistently support a specifi c 
action, intervention, or treatment

Level B: Well-designed, controlled studies with results that consis-
tently support a specifi c action, intervention, or treatment

Level C: Qualitative studies, descriptive or correlational studies, 
integrative review, systematic reviews, or randomized controlled 
trials with inconsistent results

Level D: Peer-reviewed professional organizational standards with 
clinical studies to support recommendations

Level E: Multiple case reports, theory-based evidence from expert 
opinions, or peer-reviewed professional organizational standards 
without clinical studies to support recommendations

Level M: Manufacturer’s recommendations only

 ■ Adapted from American Association of Critical-Care Nurses (AACN) Prac-
tice Alert, revised 04/2010.

substantial morbidity and mortality. Patients with 
lower extremity DVT may present with pain, ery-
thema, tenderness, swelling, and a palpable cord in 
the affected limb.22 Signs and symptoms of pulmo-
nary embolism are given in Box 17-10.

RED FLAG! In patients with pulmonary 
embolism, the most common signs and symptoms 
(in order of frequency) are dyspnea, pleuritic chest 
pain, hypoxia, cough, apprehension, leg swelling, 
and pain.

Management
Anticoagulation with heparin is the mainstay of 
treatment (Table 17-7). Patients with VTEs are 
treated with unfractionated IV heparin or adjusted-
dose subcutaneous heparin. The heparin dosage 
should prolong the activated partial thromboplastin 
time (aPTT) to 2 to 2.5 times normal.

Low-molecular-weight heparin (LMWH) can be 
substituted for unfractionated heparin in patients 
with DVT and in stable patients with pulmonary 
embolism. Treatment with heparin or LMWH con-
tinues for at least 5 days, overlapped with oral anti-
coagulation with warfarin for at least 4 to 5 days.5

The recommended length of anticoagulation therapy 
varies, depending on the patient’s age, comorbidi-
ties, and the likelihood of recurrence of pulmonary 
embolism or DVT. In most patients, anticoagulation 
therapy with warfarin or LMWH is continued for 3 to 
6 months.22 Patients with massive pulmonary embo-
lism or severe iliofemoral thrombosis may require 
a longer period of anticoagulation therapy.22 In 
patients with contraindications to anticoagulation 
therapy (eg, risk for major bleed, drug sensitivity), an 
inferior vena cava fi lter is recommended to prevent 
pulmonary embolism in patients with known lower 
extremity DVT of a long term, high risk patient.

Thrombolytic therapy is only recommended for 
patients with acute massive pulmonary embolism 
who are hemodynamically unstable and not prone 
to bleeding. Intracranial disease, recent surgery, 
trauma, and hemorrhagic disease are contraindica-
tions to thrombolytic therapy. Heparin is not admin-
istered concurrently with thrombolytics; however, 
thrombolytic therapy is followed by administration 
of heparin then warfarin.

Chronic Obstructive Pulmonary 
Disease
COPD is a disease state characterized by airfl ow lim-
itation that is not fully reversible. The airfl ow limita-
tion is usually both progressive and associated with 
an abnormal infl ammatory response of the lungs 
to noxious particles or gases (primarily cigarette 
smoke) or an inherited defi ciency of α1-antitrypsin.23

COPD includes two diseases: chronic bronchitis and 
emphysema (Table 17-8). Most patients with COPD 
have a combination of the two.
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TA B L E  1 7 - 7 American College of Chest Physicians Recommendations for Treatment of Venous 
Thromboembolism

Agent and Condition Anticoagulation Guidelines

Unfractionated Heparin
Suspected VTE • Obtain baseline aPTT, PT, CBC.

• Check for contraindications to heparin therapy.
• Give heparin 5,000 U IV.
• Order imaging study.

Confi rmed VTE • Rebolus with heparin 80 U/kg IV, and start maintenance infusion at 18 U/kg/h.
• Check aPTT at 6 h; maintain a range corresponding to a therapeutic heparin level.
• Start warfarin therapy on day 1 at 5 mg; adjust subsequent daily dose according to INR.
• Stop heparin after 4–5 d of combined therapy, when INR is greater than 2.0 (2.0–3.0).
• Anticoagulate with warfarin for at least 3 mo (target INR 2.5; 2.0–3.0).
• Consider checking platelet count between days 3 and 5.

Low-Molecular-Weight Heparin (LMWH)
Suspected VTE • Obtain baseline aPTT, PT, CBC.

• Check for contraindication to heparin therapy.
• Give unfractionated heparin: 5,000 U IV.
• Order imaging study.

Confi rmed VTE • Give LMWH (enoxaparin), 1 mg/kg subcutaneously q12 h.
• Start warfarin therapy on day 1 at 5 mg; adjust subsequent daily dose according to the INR.
• Stop LMWH after at least 4–5 d of combined therapy, when INR is greater than 2.0 on 2 

consecutive days.
• Anticoagulate with warfarin for at least 3 mo (goal INR 2.5; 2.0–3.0).

VTE, venous thromboembolism; aPTT, activated partial thromboplastin time; PT, prothrombin time; INR, 
international normalized ratio; CBC, complete blood count.
From American College of Chest Physicians: Seventh ACCP consensus conference on Antithrombotic and 
Thrombolytic Therapy. Chest 126(3 suppl):401S, 428S, 2004.

B O X  1 7 - 1 0   Signs and Symptoms of Pulmonary Embolism

Small to Moderate Embolus
• Dyspnea
• Tachypnea
• Tachycardia
• Chest pain
• Mild fever
• Hypoxemia
• Apprehension
• Cough
• Diaphoresis
• Decreased breath sounds over affected area
• Crackles
• Wheezing

Massive Embolus
A more pronounced manifestation of the signs and 
symptoms of a small to moderate embolus plus:

• Cyanosis
• Restlessness
• Anxiety
• Confusion

• Hypotension
• Cool, clammy skin
• Decreased urinary output
• Pleuritic chest pain associated with pulmonary 

infarction
• Hemoptysis associated with pulmonary infarction 
• Signs of RV strain/failure

Signs of Pulmonary Embolism in Critical Care 
Patients
• Worsening hypoxemia or hypocapnia in a patient on 

spontaneous ventilation
• Worsening hypoxemia and hypercapnia in a sedate 

patient on controlled mechanical ventilation
• Worsening dyspnea, hypoxemia, and a reduction in 

PaCO2 in a patient with chronic lung disease and 
known carbon dioxide retention

• Unexplained fever
• Sudden elevation in pulmonary artery pressure or cen-

tral venous pressure in a hemodynamically monitored 
patient
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TA B L E  1 7 - 8 Patterns of Disease in Advanced Chronic Obstructive Pulmonary Disease (COPD)

Emphysema Bronchitis

Dilation and
destruction of

bronchial walls

Loss of lung
tissue

Smooth muscle

Alveolus

CHRONIC BRONCHITIS

Inflammation

Excess mucus
causing chronic

cough

Increased
number of

mucous glands

Pink puffer Blue bloater
Predominant emphysema Predominant bronchitis
Dyspnea Cough and sputum
Thin, wasted, not cyanotic Obese, cyanotic
PaO2 decreased PaO2 very decreased
PaCO2 normal or decreased PaCO2 normal or typically increased
Decreased elastic recoil Normal elastic recoil
Decreased diffusing capacity Normal diffusing capacity
Normal hematocrit Hematocrit often increased
Cor pulmonale rare Cor pulmonale common

• Chronic bronchitis is defi ned as the presence 
of a productive cough for at least 3 months per 
year over 2 consecutive years, in the absence of 
other medical causes.23 Chronic airway irritation 
leads to infl ammation of the airways and airway 
obstruction. Subsequently, edema and hyperplasia 
occur with excess mucus excretion into the bron-
chial tree, resulting in a chronic productive cough. 
Once the airway lumen is occluded by secretions 
and narrowed by a thickened wall, patients develop 
airfl ow obstruction and COPD. Acute bacterial or 
viral infection in patients with chronic bronchitis 
can exacerbate symptoms and airway obstruction. 
Signs and symptoms of an acute exacerbation of 
chronic bronchitis are summarized in Box 17-11. 
Often patients wait to seek medical treatment until 
they are in severe distress.

• Emphysema is defi ned as a loss of lung elastic-
ity and abnormal, permanent enlargement of the 
airspaces distal to the terminal bronchioles with 
destruction of the alveolar walls and capillary 
beds without obvious fi brosis.23 Emphysema is 
believed to result from the breakdown of elastin 
by proteases (enzymes that digest proteins). These 
proteases, especially elastase, are released from 
neutrophils, alveolar macrophages, and other 
infl ammatory cells.23 The enlargement of the air-
spaces in emphysema results in hyperinfl ation 

of the lungs and increased total lung capacity. In 
severe emphysema, air is trapped in the lungs dur-
ing forced expiration, leading to pulmonary hyper-
infl ation. Spontaneous pneumothorax may occur 
related to rupture of thinned parenchyma.

An acute exacerbation of COPD may necessitate 
admission to the critical care unit (Box 17-12).24

Pathophysiology
In COPD, pathophysiological changes usually occur 
in the following order: mucus hypersecretion, ciliary 
dysfunction, airfl ow limitation, pulmonary hyper-
infl ation, gas exchange abnormalities, pulmonary 
hypertension, and hypertrophy of the right ventricle 
(cor pulmonale).25 The central airways, peripheral 
airways, lung parenchyma, and pulmonary vascula-
ture are affected.23

The peripheral airways become the major site 
of obstruction in patients with COPD. Structural 
changes in the airway wall are the most important 
cause of increased peripheral airway resistance. 
Infl ammatory changes such as airway edema and 
mucus hypersecretion also contribute to narrowing 
of the peripheral airways.

In advanced COPD, peripheral airway obstruc-
tion, parenchymal destruction, and pulmonary vas-
cular irregularities reduce the lung’s capacity for gas 
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B O X  1 7 - 1 1  Manifestations of Severe Exacerbations of Chronic Bronchitis

Constitutional
• Temperature frequently subnormal
• White blood cell (WBC) count varies—may be slightly 

elevated, normal, or decreased

Respiratory
• Copious sputum expectoration
• Changes in sputum color from whitish to yellow or 

green (signs of infection)
• Hemoptysis
• Worsening breath sounds, wheezes, or rhonchi
• Resting respiratory rate greater than 16 breaths/min
• Development of acute respiratory acidosis (pH less 

than 7.30)
• Worsening of forced expiratory time (greater than the 

normal 4 seconds)

Cardiovascular
• Diaphoresis
• Tachycardia

• Blood pressure varies: normal, increased, or decreased
• Vasoconstriction initially followed by vasodilation

Neurological
• Headache
• Confusion
• Hallucinations
• Depression
• Drowsiness
• Somnolence
• Coma
• Papilledema

Neuromuscular
• Fine tremors
• Asterixis
• Flaccidity
• Convulsions

B O X  1 7 - 1 2   Indications for Critical Care Unit 
Admission for Patients With Acute 
Exacerbation of Chronic Obstructive 
Pulmonary Disease (COPD)

• Severe dyspnea that responds inadequately to initial 
emergency therapy

• Confusion, lethargy, coma
• Persistent worsening hypoxemia (PaO2 less than 

50 mm Hg), or severe/worsening hypercapnia (PaCO2 
greater than 70 mm Hg), or severe/worsening respi-
ratory acidosis (pH less than 7.30) despite supple-
mental oxygen and noninvasive positive-pressure 
ventilation

From Pauwels RA, et al: Global strategy for the diagnosis, manage-
ment, and prevention of chronic obstructive pulmonary disease: 
National Heart, Lung, and Blood Institute and World Health 
Organization global initiative for chronic obstructive lung disease 
(GOLD). Am J Respir Crit Care Med 163:1256–1276, 2001.

exchange, resulting in hypoxemia and  hypercapnia.23 
Ventilation–perfusion mismatching is the driving 
force behind hypoxemia in patients with COPD, 
regardless of the stage of the disease. As hypoxemia 
and hypercapnia progress late in COPD, pulmonary 
hypertension often develops, causing cor pulmonale. 
Right-sided heart failure leads to further venous 
 stasis and thrombosis that may result in  pulmonary 
embolism.

Assessment
Elements of the history and physical examination 
for a patient with COPD are summarized in Box 
17-13. On ABG analysis, patients with COPD typi-
cally have chronic hypoxemia and hypercapnia, 

B O X  1 7 - 1 3   Features of the History and 
Physical Examination for Chronic 
Obstructive Pulmonary Disease 
(COPD)

History
• Exposure to risk factors
• Medical history (eg, asthma, allergy, sinusitis, nasal 

polyps, respiratory infections in childhood, other 
respiratory diseases)

• Family history of COPD or other chronic respiratory 
disease

• Pattern of symptom development
• History of exacerbations or previous hospitalizations 

for respiratory disorder
• Comorbidities
• Current medical treatments
• Impact of disease on patient’s life

Physical Examination

Inspection
• Central cyanosis
• Barrel-shaped chest
• Flattening of the hemidiaphragms
• Resting respiratory rate greater than 20 breaths/min
• Pursed-lip breathing
• Ankle or lower leg edema

Auscultation
• Reduced breath sounds
• Wheezing
• Inspiratory crackles

resulting initially in respiratory acidosis. However, 
because the respiratory acidosis develops over time, 
the body adjusts by increasing the bicarbonate level 
to normalize the pH. Uncompensated respiratory 
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acidosis in a patient with a history of COPD indi-
cates acute respiratory compromise or failure.

Management
Table 17-9 summarizes therapeutic guidelines for 
the various stages of COPD.

Nutritional support
Malnutrition is a common problem in patients with 
COPD and is present in more than 50% of patients 
with COPD admitted to the hospital. Because 
improving the nutritional state of patients with 
COPD can lead to increased respiratory muscle 
strength, a complete nutritional assessment is con-
ducted and appropriate nutritional care provided.25

Pharmacotherapy
Bronchodilators (β-adrenergic agonist) are the cor-
nerstone of symptom management in patients with 
COPD. These agents increase the forced expiratory 
volume in 1 second (FEV1) by widening the smooth 
muscle tone of the airways rather than by altering 
the elastic recoil properties of the lung.26 The choice 

TA B L E  1 7 - 9 Therapeutic Guidelines for the Stages of Chronic Obstructive Pulmonary Disease (COPD)

Stage Characteristics Recommended Treatment

0: At Risk • Chronic symptoms (cough, sputum)
• Exposure to risk factor(s)
• Normal spirometry

• Avoidance of risk factor(s)
• Infl uenza vaccination
• Smoking cessation

I: Mild COPD • FEV1/FVC less than 70%
• FEV1 greater than or equal to 80% predicted
• With or without symptoms

• Short-acting bronchodilator when needed

II: Moderate 
COPD

IIA:
• FEV1/FVC less than 70%
• 50% less than or equal to FEV1 less than 80% 

predicted
• With or without symptoms
IIB:
• FEV1/FVC less than 70%
• 30% less than or equal to FEV1 less than 50% 

predicted
• With or without symptoms

• Regular treatment with one or more bronchodilators
• Rehabilitation
• Inhaled glucocorticosteroids if signifi cant symptoms 

and lung function response
• Regular treatment with one or more bronchodilators
• Rehabilitation
• Inhaled glucocorticosteroids if signifi cant symptoms 

and lung function response or if repeated 
exacerbations

III: Severe 
COPD

• FEV1/FVC less than 70%
• FEV1 less than 30% predicted or presence of 

respiratory failure or right-sided heart failure

• Regular treatment with one or more bronchodilators
• Inhaled glucocorticosteroids if signifi cant symptoms 

and lung function response or if repeated 
exacerbations

• Treatment of complications
• Rehabilitation
• Long-term oxygen therapy if respiratory failure
• Consider surgical treatments

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
From Pauwels RA, et al: Global strategy for the diagnosis, management, and prevention of chronic 
obstructive pulmonary disease: National Heart, Lung, and Blood Institute and World Health Organization 
global initiative for chronic obstructive lung disease (GOLD). Am J Respir Crit Care Med 163:1256–1276, 
2001.

of bronchodilator therapy depends on the patient’s 
response in terms of symptom relief and side effects. 
Combination therapy (anticholinergics, corticoste-
roids, b2 selective bronchodilators), rather than an 
increased dose of a single agent, may lead to improved 
effi cacy and a decreased risk for side effects.

Regular treatment with inhaled or intravenous 
glucocorticosteroids for COPD is appropriate only 
for patients with symptomatic disease and a docu-
mented spirometric response to glucocorticosteroids, 
or in patients with an FEV1 less than 50% predicted 
and repeated exacerbations requiring treatment with 
antibiotics or oral glucocorticosteroids. Extended 
treatment with glucocorticosteroids may alleviate 
symptoms but does not alter the long-term decline in 
FEV1 typically seen in patients with COPD. The 
dose–response relationships and long-term safety of 
inhaled glucocorticosteroids in COPD are not fully 
known, and long-term treatment with oral glucocor-
ticosteroids is not recommended.23

Oxygen Therapy
Oxygen therapy is initiated for patients with severe 
(stage III) COPD if
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• The PaO2 is at or below 55 mm Hg or the SaO2 is at 
or below 88%, with or without hypercapnia

• The PaO2 is between 55 and 60 mm Hg or the SaO2 
is below 90% and there is evidence of pulmonary 
hypertension, heart failure, or polycythemia.26

Patients with COPD normally tolerate higher lev-
els of carbon dioxide because their chemorecep-
tors no longer respond to the normally accepted 
partial pressure of carbon dioxide (PCO2) levels 
and serum pH. Instead, their primary drive to 
breathe comes from their oxygen levels. Because 
of the risk for carbon dioxide retention from loss 
of respiratory drive, there has historically been a 
hesitation to administer oxygen to patients with 
COPD. However, in the face of acute exacerbation, 
prevention of tissue hypoxia overrules any concern 
regarding carbon dioxide retention. If successful 
oxygenation (SaO2 greater than or equal to 90%) is 
not obtained without a progression of respiratory 
acidosis, intubation and mechanical ventilation are 
usually indicated.26

Surgical Therapy
Surgical interventions may include lung volume 
reduction surgery (LVRS) and lung transplanta-
tion. LVRS is a surgical procedure for emphysema 
in which parts of the lung are resected to reduce 
hyperinfl ation, thereby improving the mechani-
cal effi ciency of the respiratory muscles, increas-
ing the elastic recoil of the lungs, and ultimately 
improving expiratory fl ow rate.27 The target for 
LVRS, as determined by CT and ventilation–
perfusion scanning, is the hyperinfl ated portion of 

the diseased lung with well-demarcated areas of 
trapped air or dead space.27 For patients awaiting 
lung transplantation, LVRS provides a means to 
obtain immediate symptomatic improvement by 
signifi cantly increasing oxygenation and decreas-
ing arterial carbon dioxide.23 Contraindications to 
LVRS include active smoking, marked obesity or 
cachexia, and an inability to undertake pulmonary 
rehabilitation successfully.23 Morbidity in LVRS is 
related to persistent postoperative air leaks, dif-
fi culty with postoperative weaning from the ven-
tilator, and postoperative nosocomial pulmonary 
infections.27

For end-stage COPD, the only defi nitive surgical 
treatment is single-lung transplantation. Because of 
the short supply of donor lungs, lung transplanta-
tion is usually reserved for patients younger than 
60 years with α1-protease inhibitor defi ciency.23

Acute Asthma
Asthma is defi ned as airway hyperresponsiveness 
to a variety of stimuli, reversible airfl ow limita-
tion, and infl ammation of the airway submucosa.28 
It is manifested as variable airway obstruction that 
resolves either spontaneously or after bronchodila-
tor administration.

Asthma severity can be classifi ed based on fre-
quency of symptoms and pulmonary function tests 
(Table 17-10). Common triggers of asthma exacerba-
tions are given in Box 17-14. These irritants stimu-
late the receptors in the walls of the larynx and large 
bronchi, which induces bronchoconstriction.

TA B L E  1 7 - 1 0 Classifi cation of Asthma Severity

Symptoms Nighttime Symptoms Lung Function

Mild intermittent Symptoms less than or equal to two 
times a week

Asymptomatic and normal PEF 
between exacerbations

Exacerbations brief (few hours to few 
days); intensity may vary

Less than or equal to 
two times a month

FEV1 or PEF greater than or 
equal to 80% predicted

PEF variability less than or 
equal to 20%

Mild persistent Symptoms greater than two times a 
week but less than one time a day

Exacerbations may affect activity

Greater than two 
times a month

FEV1 or PEF greater than 80% 
predicted

PEF variability 20%–30%
Moderate persistent Daily symptoms

Daily use of inhaled short-acting 
β2-adrenergic blockers

Exacerbations affect activity
Exacerbations greater than or equal 

to two times a week; may last days

Greater than one time 
a week

FEV1 or PEF greater than 60% 
to less than 80% predicted

PEF variability greater than 
30%

Severe persistent Continual symptoms
Limited physical activity
Frequent exacerbations

Frequent FEV1 or PEF less than or equal 
to 60% predicted

PEF variability greater 
than 30%

FEV1, forced expiratory volume in 1 second; PEF, peak expiratory fl ow.
Adapted from National Asthma Education and Prevention Program, Expert Panel Report 2: Guidelines for 
the Diagnosis and Management of Asthma. National Institutes of Health publication no. 97-4051. Bethesda, 
MD: National Institutes of Health, 1997.
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Pathophysiology
Infl ammation may be present throughout the bron-
chial tree, from the large airways to the alveoli. 
This infl ammation is characterized by mast cell 
activation, infl ammatory cell infi ltration, edema, 
denudation and disruption of the bronchial epi-
thelium, collagen deposition beneath the basement 
membrane, goblet cell hyperplasia (which contrib-
utes to mucus hypersecretion), and smooth muscle 
thickening (Fig. 17-4). This infl ammatory process 
contributes to airway hyperresponsiveness, airfl ow 
limitation, pathological damage, and associated 

B O X  1 7 - 1 4   Common Asthma Triggers

• Viral respiratory infections
• Environmental allergens (domestic dust mite, 

tobacco smoke, animals with fur, cockroach, outdoor 
and indoor pollens and mold, perfume, wood-
burning stoves)

• Temperature, humidity
• Occupational and recreational allergens or irritants
• Medications (aspirin, nonsteroidal anti-infl ammatory 

drugs, β-adrenergic blockers)
• Food (sulfi tes)
• Emotions
• Exercise
• Stress

From National Heart, Lung, and Blood Institute, National 
Institutes of Health: Global Initiative for Asthma. Bethesda, MD: 
National Heart, Lung, and Blood Institute, 2003, p 249.

Mucous gland

Mucus
plug

Bronchospasm

Enlarged smooth muscle

Inflamed bronchial
tissue

Artery

Vein

Elastic fibers
Mucus buildup

Inflamed surface
epithelium

Thickened basement
membrane

F I G U R E  1 7 - 4  Asthmatic bronchus. (From Anatomical Chart Company: Atlas of Pathophysiology. 
Springhouse, PA: Springhouse, 2010, p 85.)

respiratory symptoms (ie, wheezing, shortness of 
breath, and chest tightness).

Assessment
The severity of an acute asthma exacerbation is eval-
uated on the basis of the clinical signs and symp-
toms and functional assessment (Table 17-11). Signs 
and symptoms of an asthma exacerbation include 
mouth breathing, dark discoloration beneath the 
lower eyelids (“allergic shiners”), edematous or 
pale nasal mucosa, clear nasal discharge, tearing 
and periorbital edema, wheezing on lung ausculta-
tion, hyperexpansion of the thorax, use of accessory 
muscles, and tachypnea. Additional fi ndings, includ-
ing tachycardia, retractions, restlessness, anxiety, 
inspiratory or expiratory wheezing, hypoxemia, 
hypercapnia, cough, sputum production, expiratory 
prolongation, cyanosis, and an elevated pulsus para-
doxus (systolic blood pressure in expiration exceed-
ing that in inspiration by more than 10 mm Hg), 
may be observed in patients having a severe attack.28

RED FLAG! Status asthmaticus, an acute 
refractory asthma attack that does not respond to 
rigorous therapy with b2-adrenergic blockers, is a 
medical emergency. Patients present with acute 
anxiety, markedly labored breathing, tachycardia, 
and diaphoresis. Deterioration of pulmonary function 
results in alveolar hypoventilation with subsequent 
hypoxemia, hypercapnia, and acidemia. A rising 
PaCO2 in a patient with an acute asthmatic attack 
is often the fi rst objective indication of status 
asthmaticus.
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The treatment of status asthmaticus involves the 
institution of multiple therapeutic modalities. All 
patients with status asthmaticus require oxygen 
therapy (to counteract hypoxemia) and fl uid resusci-
tation (to counteract dehydration). Pharmacological 
agents include methylxanthines, sympathomimetic 
amines, and corticosteroids.28 If pulmonary func-
tion cannot be improved and respiratory failure 
ensues, patients may require intubation and assisted 
ventilation.

Management
The main goal of treatment is to gain control quickly. 
Medications used in the treatment of asthma include 
bronchodilators, anti-infl ammatory drugs (eg, corti-
costeroids, cromolyn, nedocromil), 5-lipoxygenase 
inhibitors, leukotriene antagonists, and anti-IgE 
antibody. A stepwise pharmacological approach 
is recommended in treating patients with asthma 
(Fig. 17-5).

TA B L E  1 7 - 1 1 Classifi cation of Severity of Asthma Exacerbations

Mild Moderate Severe
Impending 
Respiratory Failure

Symptoms
Breathlessness With activity With talking At rest At rest
Speech Sentences Phrases Words Mute
Signs
Body position Able to recline Prefers sitting Unable to recline Unable to recline
Respiratory rate Increased Increased Often greater 

than 30/min
Greater than 

30 breaths/min
Use of accessory 

respiratory 
muscles

Usually not Commonly Usually Paradoxical 
thoracoabdominal 
movement

Breath sounds Moderate wheezing at 
mid- to 
end-expiration

Loud wheezes 
throughout expiration

Loud inspiratory 
and expiratory 
wheezes

Little air movement 
without wheezes

Heart rate (beats/min) Less than 100 100–120 Greater than 120 Relative bradycardia
Pulsus paradoxus 

(mm Hg)
Less than 10 10–25 Often greater 

than 25
Often absent

Mental status May be agitated Usually agitated Usually agitated Confused or drowsy
Functional Assessment
PEF (% predicted or 

personal best)
Greater than 80 50–80 Less than 50 or 

response to 
therapy lasts 
less than 2 h

Less than 50

SaO2 (%, room air) Greater than 95 91–95 Less than 91 Less than 91
PaO2 (mm Hg, room 

air)
Normal Greater than 60 Less than 60 Less than 60

PaCO2 (mm Hg) Less than 42 Less than 42 Greater than or 
equal to 42

Greater than or equal 
to 42

PEF, peak expiratory fl ow.
Adapted from National Asthma Education and Prevention Program, Expert Panel Report 2: Guidelines for 
the Diagnosis and Management of Asthma. National Institutes of Health publication no. 97-4051. Bethesda, 
MD: National Institutes of Health, 1997.
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Step 1: Assess Severity

Symptoms: cough, breathlessness, wheeze, chest tightness
PEF < 50% personal best or predicted suggests severe exacerbation

Step 2: Initial Treatment

• Inhaled short-acting β2-adrenergic blocker, repeat up to three
  treatments in 1 hour
• Recheck peak flow

Step 3: Assess Response

Incomplete: Moderate Episode

PEF 50%–80% predicted or
personal best

Response to β2-adrenergic
blocker not sustained

Poor: Severe Episode

PEF <50% predicted or
personal best

No or limited response
to β2-adrenergic blocker

Good: Mild Episode

PEF >80% predicted or
personal best

Response to β2-adrenergic
blocker sustained for 4 hours

Step 4: Further Therapy

• Add oral corticosteroid as
  previously prescribed by
  clinician

• Continue β2-adrenergic
   blocker every 3–4 hours as
   needed

• Consult clinician urgently
  (this day) for instructions

• Add oral corticosteroid

• Repeat β2-adrenergic
  blocker immediately

• Immediate transport to
  hospital emergency
  room, consider
  ambulance

• Continue β2-adrenergic
   blocker every 3–4 hours
  as needed for 24–48 hours

• Double usual dose of
  inhaled corticosteroid
  for 7–10 days

• Contact clinician for
  follow-up within 3 days

F I G U R E  1 7 - 5  Peak expiratory fl ow (PEF) rate–based plan for management of asthma exacerbations.
(Modifi ed from National Asthma Education Program: Expert Panel Report II. Guidelines for the diagnosis and 
management of asthma. Washington, DC: U.S. Department of Health and Human Services, 1997. NIH Publ. 
No. 97-4051. From Givelber RJ, O’Connor GT: Asthma. In Goldstein RH, Connell JJ, Karlinsky JB, et al.: 
[eds]: A Practical Approach to Pulmonary Medicine. Philadelphia, PA: Lippincott-Raven, 1997, pp 68–84.)
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Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!

C A S E  S T U D Y

Ms. S. presents to the urgent care clinic with her 
75-year-old father, stating that her father just “doesn’t 
seem right.” On speaking to Mr. S., you discover 
that he is oriented to self but has diffi culty with place 
and time. He states that he has “felt a little under 
the weather for a couple of days.” His daughter con-
fi rms that he has complained of shortness of breath, 
chills, and lack of appetite for the past 2 or 3 days. 
Exploration of Mr. S.’s medical history reveals that he 
had an inferior wall myocardial infarction 5 years ago, 
and he smoked two packs of cigarettes per day for 45 
years but quit smoking 5 years ago. Ms. S. is unsure 
of the medications her father is currently taking.

Mr. S. is a tall, thin, frail elderly man who 
appears chronically ill and mildly distressed. He 
has a productive cough, with thick yellow sputum 
with green streaks. He rests leaning over the bed-
side table, and breathes using pursed lips and 
accessory respiratory muscles. Physical examina-
tion reveals diminished bilateral breath sounds in 
the lung bases and 1+ pitting edema in the lower 
extremities. Mr. S.’s vital signs are as follows: 
temp, 101.2°F; HR, 130 beats/min; BP, 142/86 mm 
Hg; and RR, 28 breaths/min. A chest radiograph 
reveals blunted costophrenic angles and diffuse 
infi ltrates in the left lower lobes.

1. What respiratory disorders would be included in 
Mr. S.’s differential diagnosis?

2. What additional diagnostic studies would be 
useful?

3. What potential infectious organisms should be 
considered?

4. What treatment modalities would be involved in 
the plan of care for Mr. S.?
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18

FIVE

Renal System

Based on the content in this chapter, the reader should be able to:

1 Describe the components of the history for renal assessment.
2 Describe the components of the physical examination for renal assessment.
3 Describe laboratory tests used to evaluate renal function.
4 Describe diagnostic studies used to evaluate renal function.

O B J E C T I V E S

Assessment of the renal system facilitates early 
identifi cation of renal dysfunction, which can result 
in fl uid, electrolyte, and acid–base imbalances.

History
Information about the patient’s present illness, past 
health history, family history, and personal and 
social history helps to determine the cause, severity, 
treatment, and management of renal dysfunction 
(Box 18-1)

Physical Examination
Because renal dysfunction can affect many organ 
systems, a head-to-toe assessment is indicated. 
Patients with renal dysfunction usually have 

signifi cant problems with fl uid and electrolyte bal-
ance; therefore, the nurse makes careful note of 
signs of fl uid imbalance (Box 18-2) throughout the 
examination.

• Vital signs. The nurse assesses the blood pressure 
and pulse pressure (noting the presence of pulsus 
paradoxus); the respiratory rate, rhythm, depth, 
and effort; and the temperature. An elevated 
temperature may indicate infection or hypovo-
lemia. Patients with chronic kidney disease tend 
to have low temperatures because they are often 
immunocompromised.

• Skin and mucous membranes. The nurse 
inspects the skin on the extremities and trunk for 
color and evidence of excoriation, bruising, or 
bleeding; palpates for moistness, dryness, temper-
ature, and edema; checks skin turgor; and inspects 
the tongue and oral mucosa.

Patient Assessment: Renal System
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B O X  1 8 - 2   Signs of Hypervolemia and Hypovolemia

Hypervolemia

Increased Vascular Volume
• Elevated blood pressure
• Crackles, rhonchi, moist rales, cough
• Jugular venous distention
• Liver congestion and enlargement

Increased Extravascular Volume
• Pitting edema of the feet, ankles, hands, or fi ngers
• Periorbital edema

• Sacral edema
• Ascites

Hypovolemia
• Low blood pressure
• Orthostatic hypotension
• Decreased pulse pressure
• Rapid, weak, thready pulse
• Dry skin and mucous membranes
• Sunken eyes

• Chest. The nurse observes and palpates the pre-
cordial area for heaves, pulsations, and thrills; aus-
cultates the heart for third or fourth heart sounds, 
murmurs, clicks, or a pericardial friction rub 
(often caused by fl uid overload); and auscultates 
the anterior and posterior lung fi elds for breath 

sound quality and the presence of adventitious 
breath sounds (also indicative of fl uid overload).

• Kidneys. The nurse places the stethoscope above 
and to the left and right of the umbilicus to aus-
cultate the renal arteries for bruits, which may 
indicate renal artery stenosis (see Chapter 24, 

B O X  1 8 - 1 Renal Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format, see Chapter 12, Box 12-2):

• Frequency
• Urgency
• Hesitancy
• Burning
• Dysuria
• Hematuria
• Incontinence
• Lower back pain
• Change in color, odor, or amount of urine
• Thirst
• Change in weight
• Edema

Past Health History

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: renal fail-
ure, renal calculi, renal cancer, glomerulonephritis, 
Wegener’s granulomatosis, polycystic kidney disease, 
dialysis (type, frequency, and duration), urinary tract 
infections, systemic lupus erythematosus, sickle cell 
anemia, cancer, AIDS, hepatitis C, heart failure, diabe-
tes, hypertension

• Risk factors: age, trauma, heavy use of nonsteroidal 
anti-infl ammatory drugs (NSAIDs), use of heroin or 
cocaine

• Past surgeries: kidney transplantation, placement of 
dialysis fi stula

• Past diagnostic tests and interventions: urinaly-
sis, cystoscopy, intravenous pyelography (IVP), renal 
ultrasound, renal biopsy, magnetic resonance imag-
ing (MRI), diagnostic tests that have used contrast 
material

• Medications, including prescription drugs, over-
the-counter drugs, vitamins, herbs, and supple-
ments: diuretics, aminoglycosides, antibiotics, 
angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin-receptor blockers (ARBs), NSAIDs

• Allergies and reactions to medications, foods, con-
trast, latex, or other materials: radiopaque contrast 
material

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and sib-
lings: hereditary nephritis, polycystic kidney disease, 
diabetes, hypertension

Personal and Social History

• Tobacco, alcohol, and substance use: heroin, cocaine
• Environment: exposure to nephrotoxic substances (eg, 

organic acids, pesticides, lead, mercury)
• Diet: restrictions, supplements, caffeine intake
• Sleep patterns: disruptions owing to need to get up to 

urinate

Review of Other Systems

• HEENT: periorbital edema
• Cardiovascular: hypertension, heart failure, vascular 

disease
• Respiratory: Goodpasture’s syndrome
• Gastrointestinal: hepatitis, cirrhosis
• Musculoskeletal: rhabdomyolysis, muscle weakness
• Neurological: numbness, tingling, burning, tremors, 

memory loss
• Endocrine: diabetes mellitus
• Hematological: sickle-cell anemia
• Immune: systemic lupus erythematosus
• Integument: dryness, itching
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patency, and assesses circulation to the  extremity 
distal to the access. If the patient has tempo-
rary dialysis access, the catheter insertion site is 
inspected for signs of infl ammation or infection.

• Electrolytes. Patients with renal impairment may 
be at risk for electrolyte abnormalities (eg, hypo-
calcemia, hyperkalemia). The nurse observes for 
tremors; tests for paresthesia, numbness, and 
weakness; and checks for Chvostek’s sign (twitch-
ing of the facial muscles in response to tapping the 
facial nerve in front of the auditory meatus) and 
Trousseau’s sign (spasm of the hands in response 
to arm compression). Positive Chvostek’s or 
Trousseau’s signs are suggestive of hypocalcemia 
and hypomagnesemia.

Laboratory Studies
Urine Studies
Changes in characteristics of urine can indicate kid-
ney damage, infection, excretion of drugs, or the 
kidney’s compensation for systemic homeostatic 
imbalance.1 Urine labs are summarized in Table 18-2.

Fig. 24-4). To identify ascites, the nurse measures 
the abdominal girth and may check for a fl uid 
wave or shifting dullness.

• Extremities. The nurse checks the quality of the 
peripheral pulses, inspects the color and shape 
of the nails, assesses the capillary refi ll time, and 
assesses for pitting edema (Table 18-1). If the 
patient has an arteriovenous graft or fi stula for 
dialysis, the nurse palpates for a thrill and aus-
cultates for the presence of a bruit to assess graft 

TA B L E  1 8 - 1 Assessing Pitting Edema

Scale Description
Depth of 
Indentation

Return to 
Baseline

4 + Severe 8 mm 2–5 min
3 + Moderate 6 mm 1–2 min
2 + Mild 4 mm 10–15 s
1 + Trace 2 mm Disappears 

rapidly

From Rhoads J: Advanced Health Assessment and Diagnostic 
Reasoning. Philadelphia, PA: Lippincott Williams & Wilkins, 2006, 
p 253.

TA B L E  1 8 - 2 Urine Laboratory Studies

Test Normal Values or Findings
Abnormal 
Findings Possible Causes of Abnormal Findings

Specifi c gravity • Between 1.005 and 1.030, 
with slight variations from one 
specimen to the next

Below-normal 
(dilute) specifi c 
gravity

Above-normal 
(concentrated)
specifi c gravity

Fixed specifi c 
gravity

Diabetes insipidus, glomerulonephritis, 
pyelonephritis, acute renal failure 
(pre-renal), alkalosis, water excess

Dehydration, nephrosis, hemorrhage; presence 
of high-molecular-weight substances 
(eg, protein, glucose, mannitol, radiopaque 
contrast material) in urine (falsely high), 
SIADH

Severe renal damage (acute tubular necrosis, 
acute nephritis, chronic renal failure)

pH • Between 4.5 and 7.5 Alkaline pH 
(above 7.5)

Acidic pH 
(below 4.5)

Fanconi’s syndrome (chronic renal disease) 
urinary tract infection, metabolic or 
respiratory alkalosis

Renal tuberculosis, phenylketonuria, acidosis 
(compensating)

Protein • No protein Proteinuria Damage to capillary structure, 
glomerulosclerosis, acute or chronic 
glomerulonephritis, nephrolithiasis, 
polycystic kidney disease, acute or chronic 
renal failure, diabetic nephropathy

Ketones • No ketones Ketonuria Diabetes mellitus, starvation, conditions 
causing acutely increased metabolic 
demands and decreased food intake 
(eg, vomiting, diarrhea)

Glucose • No glucose Glycosuria Diabetes mellitus (serum glucose greater 
than 200 mg/dL)

Red blood cells 
(RBCs)

• 0–3 RBCs/high-power fi eld Numerous RBCs Urinary tract infection, obstruction, 
infl ammation, trauma, or tumor; 
glomerulonephritis; renal hypertension; 
lupus nephritis; renal tuberculosis; 
renal vein thrombosis; hydronephrosis; 
pyelonephritis; parasitic bladder infection; 
polyarteritis nodosa; hemorrhagic disorder

(continued on page 258)
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TA B L E  1 8 - 2 Urine Laboratory Studies (continued)

Test Normal Values or Findings
Abnormal 
Findings Possible Causes of Abnormal Findings

Epithelial cells • Few epithelial cells Excessive 
epithelial cells

Renal tubular degeneration

White blood cells 
(WBCs)

• 0–4 WBCs/high-power fi eld Numerous WBCs

Numerous WBCs 
and WBC 
casts

Urinary tract infl ammation, especially cystitis 
or pyelonephritis

Renal infection (eg, acute pyelonephritis and 
glomerulonephritis, nephrotic syndrome, 
pyogenic infection, lupus nephritis)

Casts • No casts (except occasional 
hyaline casts)

Excessive casts
Excessive hyaline 

casts
Epithelial casts

Fatty, waxy casts

RBC casts

Renal disease
Renal parenchymal disease, infl ammation, 

glomerular capillary membrane trauma
Renal tubular damage, nephrosis, eclampsia, 

chronic lead intoxication
Nephrotic syndrome, chronic renal disease, 

diabetes mellitus
Renal parenchymal disease (especially 

glomerulonephritis), renal infarction, 
subacute bacterial endocarditis, sickle 
cell anemia, blood dyscrasias, malignant 
hypertension, collagen disease

Crystals • Some crystals Numerous 
calcium 
oxalate 
crystals

Cystine crystals 
(cystinuria)

Hypercalcemia

Inborn metabolic error

Yeast cells • No yeast crystals Yeast cells in 
sediment

External genitalia contamination, vaginitis, 
urethritis, prostatovesiculitis

Parasites • No parasites Parasites in 
sediment

External genitalia contamination

Creatinine 
clearance

• Males (age 20): 90 mg/
min/173 m2 of body surface

• Females (age 20): 84 mL/
min/1.73 m2 of body surface

• Older patients: normally 
decreased concentrations by 
6 mL/min/decade after age 
40 y

Above-normal 
creatinine 
clearance

Below-normal 
creatinine 
clearance

Little diagnostic signifi cance

Reduced renal blood fl ow (associated 
with shock or renal artery obstruction), 
acute tubular necrosis, acute or chronic 
glomerulonephritis, advanced bilateral 
renal lesions (as in polycystic kidney 
disease, renal tuberculosis, and cancer), 
nephrosclerosis, heart failure, severe 
dehydration

Osmolality • 300–900 mOsm/kg/24 h High urine 
osmolality

Below-normal 
osmolality

Presence of high-molecular-weight 
substances in urine (falsely high), 
syndrome of inappropriate antidiuretic 
hormone (SIADH)

Renal failure (acute tubular necrosis, 
glomerulonephritis), diabetes insipidus

Urine sodium 
concentration

• 10–20 mEq/L Greater than 
30–40 mEq/L

Less than 
10 mEq/L

Acute renal failure (acute tubular necrosis, 
glomerulonephritis), ischemia, toxicity (eg, 
antibiotics, contrast material), cerebral salt 
wasting syndrome

Poor renal perfusion (eg, heart failure, 
hypovolemia)

Fractional 
excretion of 
sodium (FE

Na)

• 1% Less than1%
Greater than 1%

Prerenal azotemia (underperfusion)
Acute renal failure

Myoglobin • No myoglobin Presence of 
myoglobin

Skeletal muscle breakdown (crush injuries), 
burns, trauma, compartment syndrome

Modifi ed from Critical Care Nursing Made Incredibly Easy, 2nd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2008, pp. 505–506.
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a blood specimen (usually at the midpoint of the 
urine collection). The creatinine clearance, usually 
expressed in milliliters per minute, is calculated by 
the following formula:

CrCl = 
UCr × V

PCr

where UCr is urine creatinine concentration; V, urine 
volume; and PCr, plasma creatinine concentration.

The creatinine clearance may be estimated using 
the Cockcroft–Gault formula when there is diffi culty 
collecting a 24-hour urine sample or when spot-
checking creatinine clearance will assist prompt 
treatment (eg, in drug nephrotoxicity):

CrCl = 
(140 − age × weight (kg)

72 × PCr (mg/dL)

where PCr is plasma creatinine.
Many labs are now routinely reporting the glo-

merular fi ltration rate (GFR) using estimate for-
mulas for creatinine clearance based on a single 
serum creatinine level. An estimate may be made 
when there is diffi culty collecting a 24-hour urine 
or spot checking to identify an issue early for 
treatment.

The Older Patient. With aging, renal blood fl ow and 
the total number of functioning glomeruli decreases, 
resulting in a GFR decrease of about 7 to 10 mL/min 
per decade after 40 years of age.

The Older Patient. In an older patient, a 24-hour 
urine study or an isotopic renal scan is the most 
accurate way to assess creatinine clearance and 
GFR. Formulas that estimate GFR based on onetime 
creatinine levels are not as accurate in elderly 
patients. When an older patient’s true GFR is known, 
therapy (eg, drug dosages) can be guided more 
safely.

Blood Studies
Expected values for blood studies commonly used 
to evaluate renal function are summarized in 
Table 18-3.

• Urinalysis. Urinalysis involves examining the 
physical characteristics of urine (color, clarity, and 
odor), performing a chemical analysis of the urine, 
and examining the urine under a microscope for 
abnormal substances (eg, cells, casts, crystals, 
microorganisms).

• Urine volume. Trends in urine production can 
provide important clues to the body’s recruit-
ment of compensatory responses (eg, the renin– 
angiotensin–aldosterone system to compensate 
for hypovolemia).

• Specifi c gravity and osmolality. The specifi c 
gravity of the urine is an indication of the kidneys’ 
ability to concentrate and dilute the urine. Urine 
osmolality, which measures the number of solute 
particles present in the urine, is a more accurate 
measurement of urine concentration than specifi c 
gravity.

• Urine sodium concentration. States of poor 
kidney perfusion are usually associated with a 
decrease in urine sodium concentration. This is 
a compensatory reaction that occurs when the 
renin–angiotensin–aldosterone system is acti-
vated, resulting in increased reabsorption of 
sodium and water. In intrarenal failure and other 
conditions that are characterized by damage to 
the tubular transport mechanisms, the urine 
sodium concentration is usually greater than 
normal.

RED FLAG! When the urine pH is alkaline, 
the urine sodium concentration does not refl ect 
sodium balance accurately. In this case, the chloride 
concentration becomes a better indicator of volume 
status.

• Fractional excretion of sodium (FENa). This test 
gives a more precise estimation of the amount of 
fi ltered sodium remaining in urine and is more 
accurate in predicting tubular injury than the 
urine sodium concentration because it removes 
the confounding effect of water.2 FENa is calculated 
using the following formula:

FENa = 
UNa × PCr

PNa × UCr

where U and P are urinary and plasma concentra-
tions of sodium and creatinine, respectively.

• Creatinine clearance. Creatinine is a by-product 
of normal muscle metabolism and is excreted in 
urine primarily as the result of glomerular fi ltra-
tion. Creatinine clearance is defi ned as the amount 
of blood cleared of creatinine in 1 minute and is 
an excellent clinical indicator of renal function. 
The amount of creatinine excreted in the urine 
is directly related to muscle mass. Because men 
tend to have a higher proportion of muscle than 
women, the creatinine and creatinine clearance 
can be higher in men than women. To obtain an 
accurate creatinine clearance, the nurse collects 
all urine made in a 24-hour period and obtains 

TA B L E  1 8 - 3 Bloodwork to Evaluate Renal Function

Diagnostic Test Normal Values

Creatinine 0.6–1.2 mg/dL
BUN 8–20 mg/dL
BUN:Creatinine ratio 10:1 to 15:1
Osmolality 275–295 mOsm/kg
Hemoglobin Men: 13.5–17.5 g/dL

Women: 12–16 g/dL
Hematocrit Men: 40%–52%

Women: 37%–48%
Uric acid 2–8.5 mg/dL
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B O X  1 8 - 4   Factors Affecting the Blood Urea 
Nitrogen (BUN): Creatinine Ratio

Decreased BUN:Creatinine Ratio 
(Less than 10:1)
• Liver disease
• Protein restriction
• Excessive fl uid intake

Increased BUN:Creatinine Ratio 
(Less than 10:1)
• Volume depletion
• Decreased “effective” blood volume
• Catabolic states
• Excessive protein intake

• Serum creatinine. When kidneys are damaged by 
a disease process, creatinine clearance decreases, 
and serum creatinine concentration rises. When 
a patient has rapidly changing renal function and 
oliguria (eg, acute renal failure), serum creatinine 
levels are more reliable indicators of renal func-
tion than the creatinine clearance. In patients with 
rhabdomyolysis, conversion of muscle creatine to 
creatinine causes the serum creatinine level to be 
elevated out of proportion to the reduced GFR. In 
this situation, serum creatinine is less reliable as 
an indicator of renal function.

• Blood urea nitrogen (BUN). The BUN level, 
another indicator of kidney function, is infl uenced 
by many factors (Box 18-3). At low urine fl ow rates, 
more sodium and water, and consequently more 
urea, are reabsorbed. Therefore, when the patient is 
volume depleted, BUN tends to increase out of pro-
portion to any change in renal function (creatinine 
levels). However, BUN can be of signifi cant clinical 
value when compared with the serum creatinine 
concentration, BUN:creatinine ratio (Box 18-4).

• Osmolality. All substances in solution contrib-
ute to osmolality. Serum osmolality is primar-
ily determined by the concentration of sodium 
and its accompanying anions, urea, and glucose. 
Therefore, when these concentrations are known, 
serum osmolality can be calculated by the follow-
ing formula:

Osmolality = 2(Na) + Glucose
+ 

BUN
18 2.8

The calculated osmolality normally is within 10 
mOsm of the measured osmolality. Normally, the 
serum osmolality remains quite constant because 
water can move freely between blood, interstitial fl uid, 
and tissues. A decrease in serum osmolality can occur 

B O X  1 8 - 3   Factors Affecting Blood Urea 
Nitrogen (BUN) Levels

Elevated BUN
• Increase urea production, which can result from
�  Increased protein intake (tube feedings and some 

forms of hyperalimentation)
�  Increased tissue breakdown (as with crush injuries)
�  Febrile illnesses
�  Steroid or tetracycline administration
�  Reabsorption of blood from the intestine in 

patients with intestinal hemorrhage
• Dehydration
• Decreased renal perfusion (eg, secondary to shock or 

heart failure)

Decreased BUN
• Decreased protein intake
• Liver disease
• Large volume of urine secondary to excessive fl uid 

intake

only when serum sodium is decreased. An increase in 
serum osmolality can occur whenever serum sodium, 
urea, or glucose is elevated or when abnormal com-
pounds are present in the blood, such as drugs, poi-
sons, or metabolic waste products (eg, lactic acid).

• Serum electrolytes. The kidney’s role is central in 
maintaining fl uid volume and ionic composition 
of body fl uids. When the kidneys properly regu-
late the excretion of water and ions, homeostasis 
is achieved. When they fail to adapt adequately, 
imbalances occur. Because minor shifts in elec-
trolytes can be lethal, the nurse must monitor all 
electrolyte values closely.

• Hematocrit and hemoglobin. False elevations 
of hematocrit can be seen with dehydration or 
after dialysis. Low hematocrits may result from 
hypervolemia. Many patients with chronic kidney 
disease produce insuffi cient amounts of erythro-
poietin, which can result in chronic anemia and 
decreased hemoglobin levels.

• Uric acid. Uric acid is a nitrogenous end prod-
uct of protein and purine metabolism. Humans 
produce only small quantities of uric acid under 
normal conditions. Serum uric acid values may be 
elevated because of excessive production from cell 
breakdown or inadequate excretion by the kidney.

Diagnostic Studies
• Radiological studies used to evaluate structure 

and function of the renal system are summarized 
in Table 18-4.

• Renal biopsy is the most invasive but most defi ni-
tive diagnostic tool used in comprehensive renal 
evaluation.3 It is used to defi ne histology, provide 
etiological clues for diagnosis, assess prognosis, and 
guide therapy. Possible indications for renal biopsy 
are given in Box 18-5. Contraindications include 
serious bleeding disorders, excessive obesity, and 
severe hypertension. Complications include ret-
roperitoneal bleeding or bleeding into the uri-
nary tract, inadvertent biopsy of other abdominal 
 viscera, and tears in the diaphragm or pleura.
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B O X  1 8 - 5   Possible Indications for Renal 
Biopsy

• Hematuria, proteinuria, or both accompanied by a 
decreased glomerular fi ltration rate (GFR)

• Nephrotic syndrome
• Systemic disease with renal abnormalities
• Acute renal failure accompanied by azotemia lasting 

more than 3 weeks, moderate proteinuria, anuria, or 
eosinophilia or eosinophiluria

• Posttransplant decrease in GFR

TA B L E  1 8 - 4 Radiological Studies Used to Evaluate the Renal System

Diagnostic Test Description Purpose

Kidney–ureter–bladder (KUB) 
radiograph, abdominal 
radiograph

Standard x-rays capture image Detects abnormal calcifi cations and 
renal size

Tomography Standard x-rays capture a series of cross-
sectional scans made along a single axis; 
a computer then uses the scans to create 
a three-dimensional image.

Determines renal outlines and 
abnormalities

Intravenous pyelography (IVP) Contrast material is injected intravenously 
and then collected in the renal system, 
turning areas bright white.

Detects anatomical abnormalities of 
the kidneys and ureters

Retrograde pyelography Contrast material is injected through a urinary 
catheter; typically performed at the same 
time as cystoscopy.

Assesses renal size, evaluates 
ureteral obstruction, and localizes 
and diagnoses tumors and 
obstructions

Antegrade pyelography Contrast material is injected into ureter to 
visualize structures of upper urinary tract.

Distinguishes cysts from 
hydronephrosis

Renal arteriography and 
venography

A vessel (artery or vein) is accessed and 
contrast material is injected to visualize 
structures “downstream.”

Evaluates possible renal arterial 
stenosis, renal mass lesions, 
renal vein thrombosis, and venous 
extension of renal cell carcinoma

Digital subtraction angiography Radiographs of the renal vessels are 
obtained before and after contrast material 
is injected; tissues and blood vessels on 
the fi rst image are digitally subtracted from 
second image, leaving a clear picture of 
the major arteries.

Reveals signifi cant narrowing or 
obstruction of the major vessels

Ultrasonography Sound waves are used to create images. Delineates renal outlines
Measures longitudinal and transverse 

dimensions of the kidneys
Evaluates mass lesions
Examines perinephric area
Detects and grades hydronephrosis

Radionuclide scintillation 
imaging (renal scan)

A small amount of a radioactive tracer is 
injected into the bloodstream to produce 
images of blood fl ow through the kidneys.

Measures kidney function

Static imaging A radioactive tracer is used to provide static 
images of the renal parenchyma.

Gives information about the size, 
shape, and position of the kidneys; 
identifi es scar tissue

Dynamic imaging A radioactive tracer is followed through 
vascular, renal parenchymal, and urinary 
tract compartments.

Gives information about blood fl ow 
to the kidneys and how well 
each kidney is producing urine; 
indicates obstructions to urine 
output

Magnetic resonance imaging 
(MRI)

Uses nonionizing radiofrequency signals 
to acquire images; best suited for 
noncalcifi ed tissue.

Determines anatomical abnormalities

• Renal angiography may be used to evaluate 
renal blood fl ow when precise measurements 
are required. An introducer (sheath) is inserted 
percutaneously into the femoral artery, a small 
catheter is passed to the bifurcation of the 
renal arteries, and contrast material is injected 
to permit radiological visualization of blood 
fl ow. Following removal of the sheath, nursing 
care entails maintaining pressure on the site, 
regularly assessing the site for bleeding, and 
assessing perfusion (pulses, color, refi ll) distal to 
the site.
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C A S E  S T U D Y

Mrs. R. is a 28-year-old woman who was 
admitted to the emergency department after being 
involved in a motor vehicle crash. The time required 
to extricate Mrs. R. from the vehicle was prolonged. 
During the trauma evaluation, Mrs. R is noted to 
have bilateral lower extremity fractures and crush 
injuries. During physical examination, Mrs. R.’s vital 
signs are as follows: temp, 35.6°C; HR, 135 beats/
min; RR, 24 breaths/min; and BP, 102/68 mm Hg. 
Oxygen saturation is 95% on oxygen at 100% by 
nonrebreather mask. Additional injuries include a 
grade two splenic laceration, traumatic brain injury, 
and bilateral rib fractures. Mrs. R.’s lower extrem-
ity fractures are repaired, and she is brought to the 
critical care unit for further assessment and man-
agement. Initial bloodwork obtained on arrival to the 
unit reveals the following: sodium, 135 mEq/L; chlo-
ride, 99 mEq/L; potassium, 3.4 mEq/L; carbon diox-
ide, 20 mEq/L; glucose, 156 mg/dL; BUN, 10 mg/dL; 
creatinine, 0.7 mg/dL; and hematocrit, 30%.

On posttrauma day 2, Mrs. R is endotracheally 
intubated and sedated. She has palpable distal 
pulses. Her vital signs are stable. Her urine is pink 
tinged and output over the past several hours has 
been averaging 20 to 25 mL/hour. Bloodwork reveals 
a BUN of 22 mg/dL and a creatinine of 1.2 mg/dL. 
Other studies remain relatively unchanged. Mrs. R. 
is given a diagnosis of acute renal failure.

1. Explain why Mrs. R. is experiencing renal insuffi -
ciency. Describe the infl uence of Mrs. R.’s trauma 
on her renal function.

2. What interventions may be required to improve 
Mrs. R.’s renal function?

3. What other assessments or diagnostic tests may 
be indicated?

Want to know more? A wide variety of resources to enhance your 
learning and understanding of this chapter are available on . 
Visit http://thepoint.lww.com/MortonEss1e to access chapter 
review questions and more!
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C H A P T E R
Patient Management: 
Renal System

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe drug classes used in the pharmacologic management of renal 
dysfunction.

2 Explain the basic physiological principles involved in dialysis.
3 Describe the nursing care of a patient undergoing hemodialysis, continuous 

renal replacement therapy (CRRT), and peritoneal dialysis.

Pharmacotherapy
Diuretics
Diuretics (Table 19-1) promote fl uid removal through 
increased urine production. The ultimate goal of 
diuretic therapy is to improve cardiopulmonary sta-
tus. It may be necessary to use combination therapy 
(using drugs from different classes) to achieve the 
desired therapeutic end point. Overdiuresis is the 
most common side effect of diuretics in responsive 
kidneys. The nurse must monitor fl uid balance, espe-
cially when diuretic regimens are altered or initi-
ated. A reduction in the effective circulatory volume 
can worsen acute renal failure, increase the heart’s 
workload, and cause metabolic alterations. The most 
effective management strategy is to replace only the 
volume required to achieve adequate perfusion.

Inotropes
A failing heart can cause reduced blood fl ow to the 
kidney and potentiate acute renal failure. Inotropes 
(eg, dopamine, dobutamine) may be administered to 
improve forward fl ow when the cause of decreased 

effective circulatory volume is reduced cardiac con-
tractility. In addition, when infused at lower doses 
(1 to 3 mcg/kg/min), dopamine stimulates the dopa-
minergic receptors in the kidney, increasing renal 
blood fl ow and promoting natriuresis.

Dialysis
Dialysis is a life-maintaining therapy that replaces 
renal function in acute and chronic renal failure. 
Critical care nurses may care for patients with acute 
renal failure who require dialysis and for patients 
already on some form of chronic dialysis who sub-
sequently become critically ill. The three most com-
mon forms of dialysis are hemodialysis, continuous 
renal replacement therapy (CRRT), and peritoneal 
dialysis (Table 19-2).

All forms of dialysis make use of the principles 
of diffusion and osmosis to remove waste products 
and excess fl uid from the blood. A semipermeable 
membrane is placed between the blood and a spe-
cially formulated solution called dialysate. The dial-
ysate solution is composed of water and the major 
electrolytes of normal serum. Dissolved substances 

19
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TA B L E  1 9 - 1 Medications Used to Produce Diuresis

Medication Mechanism of Action Nursing Implications

Loop diuretics 
furosemide (Lasix) 
ethacrynic acid (Edecrin) 
bumetanide (Bumex)

Act primarily in the thick segment 
of the medullary and cortical 
ascending limbs of loop of Henle.

• Monitor daily weights, intake and output, 
signs and symptoms of volume 
depletion.

• May cause hypokalemia, hyponatremia, 
hypocalcemia, and hypomagnesemia.

Thiazides 
chlorothiazide (Diuril) 
hydrochlorothiazide (HCTZ)

Inhibit sodium reabsorption in distal 
tubule and, to a lesser extent, inner 
medullary collecting duct.

• Monitor calcium levels; loop diuretic may be 
indicated if calcium levels are persistently 
elevated.

• Potassium supplements or extradietary 
potassium may be necessary when these 
agents are used routinely.

Potassium-sparing diuretics 
spironolactone (Aldactone) 
triamterene (Dyrenium) 
amiloride (Midamor)

Spironolactone inhibits action of 
aldosterone, thereby reducing 
sodium reabsorption while 
increasing potassium reabsorption.

Triamterene acts on distal renal tubule 
to depress exchange of sodium.

Amiloride is thought to inhibit sodium 
entry into cell from luminal fl uid.

• Potassium supplements are 
contraindicated, as are salt substitutes 
containing potassium.

• Often combined with thiazides for effective 
diuresis; hypokalemic tendency of thiazides 
may offset hyperkalemic tendency of 
triamterene and spironolactone.

Carbonic anhydrase inhibitors 
acetazolamide (Diamox)

Decrease proximal tubular sodium 
reabsorption and facilitate excretion 
of bicarbonate.

• Not very effective when administered 
alone

• May cause metabolic acidosis; monitor pH 
and bicarbonate.

Osmotic diuretics 
mannitol

Nonreabsorbable polysaccharide that 
pulls water into vascular space, 
thereby increasing glomerular fl ow

• Monitor serum osmolality; withhold 
therapy if serum osmolality is greater than 
300–305 mmol/L.

Adapted from Metheny NM: Fluid and Electrolyte Balance: Nursing Considerations. Philadelphia, PA: 
Lippincott Williams & Wilkins, 2000, p 53, with permission.

TA B L E  1 9 - 2 Comparison of Hemodialysis, Continuous Renal Replacement Therapy (CRRT), and 
Peritoneal Dialysis

Hemodialysis CRRT Peritoneal Dialysis

Access Arteriovenous fi stula or 
graft; dual-lumen venous 
catheter

Arteriovenous fi stula or graft; dual-
lumen venous catheter

Temporary or permanent 
peritoneal catheter

Anticoagulation 
requirements

Systemic heparinization or 
frequent saline fl ushes

Systemic anticoagulation with 
heparin or citrate may be 
indicated depending on the 
patient’s coagulation studies 
before starting therapy.

May only need heparin 
intraperitoneally

Not absorbed systemically

Length of 
treatment

3–4 h, three to fi ve times 
per wk, depending on 
patient acuity

Continuous throughout the day; may 
last as many days as needed

Continuous (cycled) or 
intermittent exchanges; 
time between exchanges 
=1–6 h

Indications End stage renal disease 
(ESRD)

Complications of acute 
renal failure (eg, uremia, 
fl uid overload, acidosis, 
hyperkalemia, drug 
overdose)

Patients with a high risk for 
hemodynamic instability who do 
not tolerate the rapid fl uid shifts 
that occur with hemodialysis

Patients who require large amounts 
of hourly IV fl uids or parenteral 
nutrition

Patients who need more than 
the usual 3–4h hemodialysis 
treatment to correct the 
metabolic imbalances of acute 
renal failure

Acute renal failure when 
hemodialysis is not 
available or access 
to bloodstream is not 
possible

Initial treatment for renal 
failure while the patient 
is being evaluated for a 
hemodialysis program
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(eg, urea, creatinine) diffuse across the membrane 
from the area of greater concentration (blood) to the 
area of lesser concentration (dialysate). Water mol-
ecules move across the membrane by osmosis to the 
dialysate, which contains varying concentrations of 
dextrose or sodium to produce an osmotic gradient. 
This process of fl uid moving across a semipermeable 
membrane in relation to forces created by osmotic 
and hydrostatic pressures is called ultrafi ltration.

RED FLAG! Because medications can be 
removed from the blood during dialysis, the nurse 
must consider the patient’s dialysis schedule 
when timing the administration of medications. 
Medications that are commonly removed during 
dialysis are listed in Box 19-1.

Hemodialysis
Equipment and Setup
In hemodialysis, water and excess waste products 
are removed from the blood as it is pumped by the 
dialysis machine through an extracorporeal circuit 
(Fig. 19-1A) into a device called a dialyzer, which 
acts as an artifi cial kidney (see Fig. 19-1B). Within 
the dialyzer, blood and dialysate fl ow past a semiper-
meable membrane in opposite directions from each 
other (countercurrent fl ow); as blood travels through 
the dialyzer, it is constantly exposed to a fresh fl ow 
of dialysate. This countercurrent fl ow maintains 
the concentration gradient (ie, the difference in the 
concentration of the blood and the dialysate) and 

TA B L E  1 9 - 2 Comparison of Hemodialysis, Continuous Renal Replacement Therapy (CRRT), and 
Peritoneal Dialysis (continued)

Hemodialysis CRRT Peritoneal Dialysis

Contraindications Coagulopathies, 
hypotension, extremely 
low cardiac output, 
inability to tolerate abrupt 
changes in volume status

Hemodynamic stability Postabdominal surgery 
status, abdominal 
adhesions and scars, 
peritonitis

Advantages Quick, effi cient removal of 
metabolic wastes and 
excess fl uid

Best choice for a patient who is 
hemodynamically unstable 
because less blood is outside 
body than with hemodialysis 
and blood fl ow rates are slower; 
amount of fl uid removed can still 
be achieved but over a much 
longer period of time

Good for hypercatabolic patients who 
receive large amounts of IV fl uids

Continuous removal of 
wastes and fl uid

Better hemodynamic stability
Fewer dietary restrictions
Less complicated and less 

need for highly skilled 
personnel

Disadvantages May require frequent 
vascular access 
procedures

Places strain on a 
compromised 
cardiovascular system

Potential blood loss from 
bleeding or clotted lines

Requires specially trained 
staff to perform therapy

Requires vascular access
Potential blood loss from clotting or 

equipment leaks
Requires specially trained staff to 

perform therapy

Waste products may be 
removed too slowly in a 
catabolic patient.

Risk for peritonitis
Long periods of immobility

B O X  1 9 - 1   Examples of Commonly 
Hemodialyzed Medications

Acetaminophen Fluconazole Morphine

Acyclovir Ganciclovir Nitroprusside

Allopurinol Gentamicin Penicillin

Amoxicillin Imipenem Phenobarbital

Ampicillin Lisinopril Piperacillin

Captopril Lithium Procainamide

Cefazolin Mannitol Salsalate

Cefepime Meropenem Sotalol

Cefoxitin Metformin Streptomycin

Ceftazidime Methotrexate Sulfamethoxazole

Cimetidine Methylprednisolone Theophylline

Enalapril Metoprolol Tobramycin

Esmolol Metronidazole Valacyclovir

provides the most effi cient dialysis. Waste substances 
(eg, urea, creatinine) diffuse from the blood to the 
dialysate. Excess water is removed by a pressure dif-
ferential created between the blood and the dialysate.

Because hemodialysis uses an extracorporeal cir-
cuit, access to the patient’s circulation is required. 
This can be achieved in a variety of ways:

• Dual-lumen venous catheter. A dual-lumen 
venous catheter (one lumen for blood outfl ow 
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vein, creating a fi stula (artifi cial opening) between 
them (Fig. 19-2A). Arterial blood fl owing into the 
venous system results in marked dilation of the 
vein, which can then be punctured easily with a 
15- or 16-gauge dialysis fi stula needle. Two veni-
punctures are made at the time of dialysis: one for 
blood outfl ow and one for blood return. Most arte-
riovenous fi stulas are developed and ready to use 1 
to 3 months after surgery. Although arteriovenous 
fi stulas usually have a long life, complications 
may occur. These include thrombosis, aneurysm 
or pseudoaneurysm, and “steal syndrome” (ie, 
shunting of blood from the artery to the vein lead-
ing to ischemia, pain, and coldness of the hand). 
Teaching points for the patient with an arteriove-
nous fi stula are summarized in Box 19-2.

• Synthetic graft. Synthetic grafts, made from a 
highly porous form of Tefl on called polytetrafl uo-
roethylene (PTFE), are used when a patient’s own 
vessels are not adequate for fi stula formation and 
to patch areas of arteriovenous fi stulas that have 
stenosed or developed areas of aneurysm. The graft 

and one for blood return) is inserted into a large 
central vein (eg, the femoral, internal jugular, or 
subclavian). Dual-lumen catheters are used for 
critically ill patients who require acute dialysis and 
for patients on chronic dialysis who are waiting 
for more permanent vascular access. Whenever 
venous catheters are used, care must be taken to 
avoid accidental dislodgment during hemodialysis. 
Catheters left in place between dialysis treatments 
usually are fi lled with a concentrated heparin–
saline solution after dialysis and capped to prevent 
clotting. Procedures for cleaning and dressing of 
the insertion site are the same as for other central 
lines and require strict aseptic technique.

RED FLAG! Dual-lumen catheters should 
never be used for any purpose other than 
hemodialysis without fi rst checking with dialysis unit 
personnel.

• Arteriovenous fi stula. To create an arteriovenous 
fi stula, a surgeon anastomoses an artery and a 

Venous blood

Vascular access to circulation

Dialysate
fluid out

Dialysate
fluid in

Dialysate
fluid out

Semipermeable
membrane

Blood port

Blood port

Dialysate
fluid in

Arterial blood

Blood
pressure
monitor

Blood
pump

Clot and
bubble

trap

A

B

F I G U R E  1 9 - 1  Hemodialysis system. A: Blood from an artery is pumped into a dialyzer (B), where it fl ows 
through the cellophane tubes, which act as the semipermeable membrane (inset). The dialysate, which 
has the same chemical composition as the blood except for urea and waste products, fl ows in around the 
tubules. The waste products in the blood diffuse through the semipermeable membrane into the dialysate. 
(From Smeltzer SC, Bare BG, Hinkle JL, et al: Brunner & Suddarth’s Textbook of Medical-Surgical Nursing, 
12th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2010, p 1334.)

Morton_Chap19.indd   266Morton_Chap19.indd   266 2/4/2012   3:18:56 PM2/4/2012   3:18:56 PM



Patient Management: Renal System C H A P T E R  1 9 267

Nursing interventions for a patient with dialysis vas-
cular access are summarized in Box 19-3.

The use of an extracorporeal circuit also neces-
sitates anticoagulation, because blood in the dia-
lyzer and blood lines clots rapidly. Heparin is most 
commonly used because it is simple to administer, 
increases clotting time rapidly, is monitored easily, 
and may be reversed with protamine. Citrate, which 
chelates calcium to inactivate the coagulation cas-
cade, may also be used.

Typically, the circuit is initially primed with a 
dose of heparin, followed by smaller intermittent 
doses administered at a constant rate by an infu-
sion pump. This results in systemic anticoagula-
tion, in which the clotting times of the patient and 
the dialyzer essentially are the same. Systemic anti-
coagulation does not usually present a risk unless 
the patient has overt bleeding (eg, gastrointestinal 
bleeding, epistaxis, hemoptysis), has had surgery 
within the last 3 to 7 days, or has uremic pericar-
ditis. In these situations, regional anticoagula-
tion may be used. In regional anticoagulation, the 
patient’s clotting time is kept normal while the clot-
ting time of the dialyzer is increased. This can be 
accomplished by infusing the anticoagulant at a 
constant rate into the dialyzer and simultaneously 
neutralizing its effects with protamine sulfate (for 
heparin) or calcium chloride (for citrate) before the 
blood returns to the patient.

is anastomosed between an artery and a vein and 
is used in the same manner as an arteriovenous 
fi stula (see Fig. 19-2B). Venipuncture of a new syn-
thetic graft is avoided for 2 to 4 weeks while the 
patient’s tissue grows into the graft. Complications 
include thrombosis, infection, aneurysm forma-
tion, and stenosis at the site of anastomosis.

A

B

Radial
artery

Radial
artery

Radial
artery

Cephalic
vein

Cephalic
vein

Synthetic
graft

F I G U R E  1 9 - 2  Methods of vascular access for hemodialysis. 
A: Arteriovenous fi stula. B: Synthetic graft.

B O X  1 9 - 2   Patient Teaching: Arteriovenous 
Fistula

• Wash the fi stula site with antibacterial soap each day 
and always before dialysis.

• Refrain from picking the scab that forms after com-
pletion of dialysis therapy.

• Check for redness, feeling of excess warmth, or the 
beginning of a pimple on any area of access.

• Ask the dialysis care team to rotate needles at the 
time of dialysis treatment.

• Check blood fl ow several times each day by feeling 
for a pulse or thrill. If you cannot feel a pulse or 
thrill, or if there is a change, call your healthcare 
provider or dialysis center.

• Avoid wearing tight clothes or jewelry on the access 
arm. Also avoid carrying anything heavy or doing 
anything that will put pressure on the access site.

• Avoid sleeping with your head on the arm where the 
access site is located.

• Remind caregivers not to use a blood pressure cuff 
on, or draw blood from, the arm where the access 
site is located.

• Apply only gentle pressure to the access site after the 
needle is removed. Too much pressure stops fl ow of 
blood to the access site.

B O X  1 9 - 3   Nursing Interventions for the Patient 
With Dialysis Vascular Access

Dual-Lumen Venous Catheter
• Verify central line catheter placement radiographi-

cally before use.
• Do not inject IV fl uids or medication into the cath-

eter. Both lumens of the catheter usually are fi lled 
with concentrated heparin.

• Do not unclamp the catheter unless preparing for 
dialysis therapy. Unclamping the catheter can cause 
blood to fi ll the lumen and clot.

• Maintain sterile technique in handling vascular 
access.

• Observe the catheter exit site for signs of infl amma-
tion or catheter kinking.

Arteriovenous Fistula or Graft
• Do not take blood pressure or draw blood from the 

access limb.
• Listen for bruit and palpate for thrill every 8 hours.
• Avoid placing tight clothing or restraints on the 

access limb.
• Check access patency more frequently in 

hypotensive patients (hypotension can predispose to 
clotting).

• In the event of postdialysis bleeding from the needle 
site, apply just enough pressure to stop the fl ow of 
blood and hold until bleeding stops. Do not occlude 
the vessel.
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as the plasma concentration of solutes that play 
a role in serum osmolality (eg, urea, nitrogen) is 
lowered. Because of the blood–brain barrier, sol-
utes are removed much more slowly from brain 
cells. The plasma becomes hypotonic in relation 
to the brain cells, resulting in a shift of water from 
plasma to the brain cells and cerebral edema. This 
syndrome can be avoided by dialyzing patients for 
shorter periods (eg, 1 to 2 hours on 3 or 4 consec-
utive days) or by using alternative therapies (eg, 
CRRT).

• Hypovolemia. The rapid removal of fl uid during 
dialysis can lead to volume depletion and hypoten-
sion. Little is gained if IV fl uids are given to correct 
the problem; therefore, it is better to reduce the 
volume overload slowly over two or three dialyses.

• Hypotension. The use of antihypertensive drugs 
in patients who undergo dialysis may precipitate 
hypotension during dialysis. To avoid this, many 
dialysis units hold antihypertensive drugs 4 to 
6 hours before dialysis. Sedatives may also cause 
hypotension and should be avoided, if possible.

• Hypertension. Fluid overload, kidney injury, and 
anxiety are common causes of hypertension dur-
ing dialysis. Hypertension caused by fl uid over-
load can usually be corrected by ultrafi ltration 
(ie, adjusting the concentration of solutes in the 
dialysate to promote movement of water from the 
blood to the dialysate). Some patients who are 
normotensive before dialysis become hyperten-
sive during dialysis. The increase in blood pres-
sure may occur gradually or abruptly. The cause 
is not well understood, but it may be the result 
of renin production in response to ultrafi ltration 
and an increase in renal ischemia. Patients must 
be carefully monitored because the vasoconstric-
tion caused by the renin response is limited. Once 
the decrease in blood volume surpasses the body’s 
ability to maintain blood pressure through vaso-
constriction, hypotension can occur precipitously. 
Restrict fl uids and sodium before and during the 
dialysis treatment to control hypertension.

• Muscle cramps. Excess fl uid removal can result 
in diminished intravascular volume and reduced 
muscle perfusion, leading to muscle cramps. 
During dialysis, cramps may be treated by lower-
ing the rate of ultrafi ltration and administering 
hypertonic solutions, normal saline boluses, man-
nitol, or glucose to increase muscle perfusion.1

• Dysrhythmias and angina. Fluid and electro-
lyte removal can precipitate dysrhythmias and 
angina in patients with underlying cardiac dis-
ease. Decreasing the rate of fl uid removal may 
help. Medication may be needed to control cardiac 
rhythm.

Continuous Renal Replacement Therapy
Equipment and Setup
CRRT is similar to hemodialysis in that blood circu-
lates outside the body through a highly porous fi lter 
and water, electrolytes, and small- to medium-sized 

RED FLAG! When citrate is used for 
anticoagulation, calcium is replaced via infusion 
through the venous return line or peripherally to 
maintain normal ionized calcium levels.1 Therefore, 
the patient needs to be closely monitored for 
calcium abnormalities—hypercalcemia and 
hypocalcemia.

Nursing Care of a Patient Receiving 
Hemodialysis
Before dialysis, the nurse consults with other care-
givers and reviews the patient’s history, clinical fi nd-
ings, and laboratory test results. Assessment of the 
patient’s blood pressure, pulse, weight, intake and 
output, tissue turgor, and hemodynamic parameters 
(eg, pulmonary artery occlusion pressure [PAOP], 
central venous pressure [CVP]) is important for 
determining the patient’s fl uid balance. The nurse 
also assesses the patient’s response to previous dial-
ysis treatments and the patient’s level of understand-
ing of the procedure. Providing a basic explanation 
of the procedure can allay some of the anxiety expe-
rienced by the patient and family. It is important to 
stress that dialysis is being used to support normal 
body function, rather than to “cure” the kidney dis-
ease process.

A dialysis nurse is in constant attendance during 
acute hemodialysis. During the dialysis procedure, 
the critical care nurse collaborates with the dialy-
sis nurse to coordinate patient care. Throughout 
the dialysis treatment, the patient’s blood pressure 
and pulse are monitored and recorded at least every 
half hour when the patient’s condition is stable. 
If hypotension develops, saline, blood, or plasma 
expanders are administered to correct blood pres-
sure. Medications that can be given during dialysis 
may be infused through the medication port in the 
dialyzer. After the prescribed treatment time, dial-
ysis is terminated by clamping off blood from the 
patient and rinsing the circuit with saline to return 
the patient’s blood.

Following the treatment, the patient’s weight is 
obtained and compared to the predialysis weight to 
determine the amount of fl uid removed. Blood sam-
ples for laboratory tests are drawn 2 to 3 hours after 
the dialysis treatment to assess the degree to which 
electrolyte and acid–base imbalances have been cor-
rected. Blood drawn immediately after dialysis may 
show falsely low levels of electrolytes, urea nitrogen, 
and creatinine because it takes time for these sub-
stances to move from inside the cell to the plasma.

Complications of Hemodialysis
Complications that can develop during or after 
hemodialysis include the following.

• Disequilibrium syndrome. Uremia must be cor-
rected slowly to prevent disequilibrium syndrome, 
characterized by signs and symptoms of cerebral 
edema (eg, headache, nausea, restlessness, mild 
mental impairment, vomiting, confusion, agita-
tion, seizures). This syndrome is thought to occur 
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molecules are removed by ultrafi ltration and dialy-
sis. The extracorporeal circuit is similar to the hemo-
dialysis circuit (Fig. 19-3), and access to the patient’s 
circulation is the same as that used for short-term 
hemodialysis. However, unlike hemodialysis, CRRT 
is accompanied by a simultaneous reinfusion of a 
physiological solution, and it occurs continuously 
for an extended period. The CRRT device often 
includes a weighing system so that fl uids can be 
intricately balanced hour to hour. The ultrafi ltration 
rate is titrated to reach an hourly goal (set by the 
physician) and is based on the patient’s cardiac and 

A.  Blood exits the body
B.  Heparin infusion
C.  Arterial pressure monitor
     (prefilter pressure)
D.  Blood pump
E.  Saline infusion line
      (saline not shown here)
F.  Filter
G.  Dialysate
H.  Blood leak detector
I.    Graduated collection device
J.   Air and foam detector
K.  Syringe line
L.  Venous pressure monitor
     (postfilter pressure)
M.  Clamp
N. Replacement fluid
O.  Blood returns to body

A
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C

D

E

F

G

N

H

I

J

K
L

M

O

F I G U R E  1 9 - 3  Example of a circuit for continuous renal replacement therapy (CRRT). This circuit is for contin-
uous venovenous hemofi ltration with dialysis (CVVHD). (Courtesy of Baxter Health Care Corporation, Renal 
Division, McGaw Park, IL.)

pulmonary status. Indications for CRRT are given in 
Box 19-4. Treatment is usually terminated when the 
patient becomes hemodynamically stable or shows 
signs of recovering renal function.

Specifi c types of CRRTs include continuous veno-
venous hemofi ltration (CVVH) and continuous 
venovenous hemofi ltration with dialysis (CVVHD).

• CVVH is used when a patient primarily needs 
excess fl uid removed. With CVVH, blood is driven 
through the fi lter. Dialysate is not used; solutes are 
“dragged” across the fi lter along with excess fl uid 
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270 P A R T  F I V E Renal System

as a result of hydrostatic pressure. Replacement 
fl uid may be connected either before or after the fi l-
ter, depending on the patient and facility protocol.

• CVVHD entails the addition of dialysis to the 
CVVH process. Adding the dialysate increases 
removal of wastes such as urea.

Nursing Care of a Patient Receiving Continuous 
Renal Replacement Therapy
Critical care nurses who receive training in the 
procedure and complete a competency assessment 
and validation can perform and manage CVVH 
and CVVHD. Prior to initiating therapy, the nurse 
obtains the patient’s baseline vital signs, central 
venous pressure readings (if available), breath 
sounds, heart sounds, weight, intake, and output. 
Vital signs are assessed every half hour during treat-
ment. Electrolytes, urea nitrogen, creatinine, and 
glucose levels are drawn before the procedure is 
started and then at least twice daily.

Anticoagulation, if indicated, is administered 
as therapy begins. For patients with low platelet 
counts, saline fl ushes without low-dose heparin may 
be used to prevent circuit clotting, the most common 
mechanism for interruption of CRRT. Alternatively, 
citrate may be used. Evidence suggests that the use 
of citrate in patients who are receiving CRRT is 
associated with fewer life-threatening bleeding com-
plications than heparin.2,3 For some patients, saline 
fl ushes may be used along with anticoagulation.

The nurse measures blood and dialysate fl ows, 
calculates net ultrafi ltration and replacement fl uid, 
titrates anticoagulants, assesses the integrity of the 
vascular access, and monitors hemodynamic param-
eters and blood circuit pressures hourly. In addition, 
the nurse ensures that the goal for hourly fl uid bal-
ance is met by comparing total intake and output. 
The amount of replacement fl uid is determined by 

the difference between desired and net fl uid bal-
ance. Fluid balance and replacement are carefully 
documented in the patient’s medical record.

The nurse monitors the patient for hypotension 
and electrolyte imbalances. If hypotension occurs, 
the nurse administers saline boluses (100 to 200 mL), 
reduces ultrafi ltration by raising the collection device, 
and, if necessary, obtains an order for 5% albumin. 
Electrolyte imbalances can be corrected by altering 
the composition of the replacement fl uid or by cus-
tom mixing the dialysate.

The nurse also monitors for mechanical problems 
with vascular access or the circuit, which can inter-
rupt treatment:

• Access problems. A clot or kink in the arterial or 
venous lumen of the catheter manifests as low-
ered arterial and venous pressures. If obstruction 
is suspected, treatment is temporarily halted and 
each lumen is fl ushed to determine patency. If 
blood fl ow still cannot be established, the physi-
cian must replace the catheter.

• Clotting. An early sign of fi lter clotting is a reduced 
rate of ultrafi ltration. As clotting progresses, 
venous pressure rises, arterial pressure drops, 
blood lines will appear dark, and clotting times will 
be low. To prevent fi lter clotting, the nurse fl ushes 
the system with saline as often as needed to assess 
the appearance of the fi lter and circuit. The nurse 
also checks clotting times at initiation of therapy 
and at prescribed intervals throughout the treat-
ment. If the system is clotting, as much blood as 
possible should be returned to the patient before 
changing the system, unless clotting is extensive.

• Air in the circuit. Air can enter the circuit if the 
connections are loose or a prefi lter infusion line 
runs dry. The air collects in the drip chamber, set-
ting off the air detector alarm and triggering the 
clamp on the venous line to close. Before resetting 
the line clamp, the nurse detects the source of the 
air and then ensures that all bubbles have been 
tapped out of the drip chamber, all connections 
are tight, and there is no danger of air entering the 
patient’s bloodstream.

Complications of Continuous Renal Replacement 
Therapy
Complications of CRRT include hypotension and 
hypothermia. Advancements in the technologies 
used to perform CRRT have improved the precision 
of fl uid balance and reduced the hypothermia that 
can develop with any extracorporeal therapy.

Peritoneal Dialysis
Peritoneal dialysis is an alternative method of 
treating acute renal failure when hemodialysis is 
not available or when access to the bloodstream 
is not possible. Peritoneal dialysis and hemodi-
alysis operate on the same principle of diffusion. 
However, in peritoneal dialysis, the peritoneum is 

B O X  1 9 - 4   Indications for Continuous Renal 
Replacement Therapy (CRRT)

• Oliguria (urine output less than 200 mL/12 h)
• Anuria (urine output less than 50 mL/12 h)
• Severe metabolic acidosis (pH less than 7.1)
• Azotemia (urea greater than 30 mmol/L)
• Hyperkalemia or rapidly rising serum potassium 

levels (serum potassium greater than 6.5 mEq/L)
• Suspected uremia organ involvement (pericarditis, 

encephalopathy, neuropathy, myopathy)
• Severe alterations in serum sodium levels (serum 

sodium greater than 160 mmol/L or less than 
115 mmol/L)

• Clinically signifi cant pulmonary edema
• Drug overdose with dialyzable toxin (eg, aspirin)
• Disseminated intravascular coagulation (DIC)

Adapted from Bellomo R, Ronco C: Continuous renal replace-
ment therapy in the intensive care unit. Intensive Care Med 
25:781–789, 1999, with permission.
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the semipermeable membrane, and osmosis is used 
to remove fl uid, rather than the pressure differentials 
used in hemodialysis.

Equipment and Setup
Peritoneal dialysate must be sterile. Like dialysates 
used in hemodialysis, peritoneal dialysates contain 
electrolytes and dextrose to promote osmosis. The 
dextrose concentration varies. Use of 2.5% or 4.25% 
solutions usually is reserved for more fl uid removal 
and occasionally for better solute clearance.

RED FLAG! A dialysate warming device 
should always be used to warm dialysate. Dialysate 
should not be warmed in a microwave oven because 
microwaves heat fl uids unevenly.

The peritoneal cavity is accessed with a Tenckhoff 
(peritoneal) catheter (Fig. 19-4A). Over the course of 
5 to 10 minutes, the warmed dialysate fl ows into the 
patient’s abdominal cavity by gravity (see Fig. 19-4B). 
After the dialysate is infused, the tubing is clamped, 
and the solution remains in the abdominal cavity 
for 30 to 45 minutes. A receptacle for the used dialy-
sate is positioned below the level of the abdominal 
cavity, and the dialysate is then allowed to drain 
out of the peritoneal cavity by gravity in a steady, 
forceful stream. Drainage should take no more than 
20 minutes. This cycle is repeated continuously for 
the prescribed time (12 to 36 hours, depending on the 
purpose of the treatment and the patient’s condition).

Automated peritoneal dialysis systems (“cyclers”) 
may be used in the critical care setting. These systems 
have built-in monitors and automatic timing devices 
that cycle the infusion and removal of peritoneal fl uid. 
Most also have a log that retains cycle-by-cycle infor-
mation on ultrafi ltration. The cycler is programmed 
to deliver a set amount of dialysate per exchange for a 
certain length of time. When the time is up, the perito-
neal cavity is automatically drained and then refi lled.

RED FLAG! If cardiac arrest occurs in a 
patient receiving peritoneal dialysis, the patient’s 
abdomen must be drained immediately to maximize 
the effi ciency of chest compressions.

Nursing Care of a Patient Receiving Peritoneal 
Dialysis
Nursing responsibilities during peritoneal dialy-
sis include maintaining accurate records of intake 
and output and weights, preventing infection and 
maintaining the sterility of the system (Box 19-5), 
and detecting and correcting mechanical prob-
lems before they result in physiological problems. 
Common mechanical problems include:

• Slow infl ux or drainage of dialysate. If the 
dialysate enters the peritoneal cavity too slowly, 
the catheter may need to be repositioned. If it 
drains too slowly, the catheter tip may be buried 
in the omentum or clogged with fi brin. Turning 
the patient from side to side, elevating the head of 

A B

Position of bag
to receive

dialysate drainage

Fresh peritoneal dialysate

Collecting
tube

Skin

Subcutaneous
layer

Dacron cuff

Tenckhoff
catheter

Muscle

Chest
cavity

Abdominal
cavity

Peritoneal membrane
(parietal layer)

F I G U R E  1 9 - 4  Peritoneal dialysis. A: A Tenckhoff (peritoneal) catheter is used to access the peritoneal cavity. 
A Dacron cuff wrapped around the catheter helps to reduce complications related to infection. B: Dialysate 
fl ows by gravity into the peritoneal catheter and then into the peritoneal cavity. After a prescribed period of 
time, the fl uid is drained by gravity and discarded. (From Smeltzer SC, Bare BG, Hinkle JL, et al.: Brunner & 
Suddarth’s Textbook of Medical–Surgical Nursing, 12th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 
2010, p 1341.)
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RED FLAG! Signs and symptoms of peritonitis 
include low-grade fever, abdominal pain, and cloudy 
effl uent.

If peritonitis is suspected, treatment with a broad-
spectrum antibiotic (either added to the dialysate or 
administered IV) begins as soon as a sample of peri-
toneal fl uid is obtained for culture and sensitivity. 
Marked improvement should be seen after 8 hours 
of antibiotic therapy.

the bed, and gently massaging the abdomen may 
facilitate drainage.

• Incomplete recovery of dialysate. The amount 
of dialysate removed should equal or exceed 
the amount of dialysate instilled (about 1000 to 
2000 mL). If, after several exchanges, the vol-
ume drained is less (by 500 mL or more) than the 
amount instilled, the cause must be investigated. 
Incomplete removal of dialysate can lead to hyper-
tension and fl uid overload.

RED FLAG! Signs of fl uid retention include 
abdominal distention, complaints of fullness, and 
increased weight.

• Leakage around the catheter. A leaking catheter 
must be corrected because it acts as a pathway 
for bacteria to enter the peritoneum. Superfi cial 
leakage after surgery may be controlled with extra 
sutures and a decrease in the amount of dialysate 
instilled into the peritoneum. Increased intra-
abdominal pressure (eg, from vomiting, coughing, 
or jarring movements) can also cause leaking.

RED FLAG! Because dialysis effl uent is 
considered a contaminated fl uid, gloves must be 
worn while handling it.

RED FLAG! Blood-tinged effl uent is expected 
in the initial outfl ow but should clear after a few 
exchanges. Gross bleeding at any time is an 
indication of a more serious problem and must be 
investigated immediately.

Complications of Peritoneal Dialysis
Complications of peritoneal dialysis include hypo-
tension (if excessive fl uid is removed), hypertension 
and fl uid overload (if not enough fl uid is removed), 
hypokalemia, hyperglycemia, and mild abdominal 
discomfort (most likely caused by distention and 
chemical irritation of the peritoneum). More severe 
abdominal pain may be a sign of peritonitis, one of 
the more serious complications of peritoneal dialysis.

B O X  1 9 - 5   Preventing Infection During 
Peritoneal Dialysis

• Maintain aseptic technique throughout dialysis 
procedure.

• Use sealed plastic dialysate bags.
• Change dialysis tubing regularly per protocol.
• Swab or soak tubing connections and injection ports 

with bactericidal solution before adding medications 
or breaking closed system.

• Change exit site dressing daily using aseptic tech-
nique until healing occurs. Assess daily for increased 
infl ammation or drainage.

• If infection is suspected, obtain appropriate culture, 
and begin antibiotic therapy according to protocol or 
physician’s order.

C A S E  S T U D Y

Mr. D. is a 65-year-old man with a history of 
diabetes and hypertension. A year ago, he began 
experiencing some shortness of breath and was 
diagnosed with heart failure. He has been treated 
with the following medications: furosemide, 20 mg 
PO once daily; KCl, 20 mEq PO once daily; metfor-
min, 500 mg PO twice daily; enalapril, 10 mg PO 
once daily; and metoprolol, 25 mg PO twice daily. 
His shortness of breath has worsened over the past 
2 days. He was seen in the clinic and was admitted 
for evaluation. Admission data are as follows: temp, 
97.3°F; HR, 120 beats/min; BP, 87/50 mm Hg; RR, 
18 breaths/min; and oxygen saturation by pulse 
oximetry (SpO2), 94% (on 50% FiO2). Laboratory 
test results are Na+, 130 mEq/L; K+, 5.4 mEq/L; 
creatinine 4.5 mg/dL; blood urea nitrogen (BUN), 
50 mg/dL; and glucose, 162 mg/dL. Urine sodium 
levels are high and urine osmolality and urine spe-
cifi c gravity are low. The nurse observes that  Mr. D.’s 
urine output is decreased, and the urine is dark 
amber in color with sediment. Mr. D. is diagnosed 
with acute renal failure and based on the laboratory 
data, the physician decides to initiate continuous 
venovenous hemodialysis with dialysis (CVVHD).

1. Which type of dialysis access will most likely be 
used in Mr. D.?

2. Discuss the probable reasoning for treating 
Mr. D. with continuous venovenous hemofi ltration 
with dialysis (CVVHD).

3. Describe nursing concerns when a patient is 
receiving CVVHD.
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Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!

Morton_Chap19.indd   272Morton_Chap19.indd   272 2/4/2012   3:18:59 PM2/4/2012   3:18:59 PM

http://thepoint.lww.com/MortonEss1e


C H A P T E R
Common Renal Disorders

273

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Differentiate among the three types of acute kidney injury in terms of causes, 
pathophysiology, and assessment fi ndings.

2 Discuss the nursing care of a patient with acute kidney injury or end-stage 
renal disease (ESRD).

Acute Kidney Injury
Acute kidney injury is a clinical syndrome in which 
a rapid loss of renal function (ie, over hours to a few 
days) results in derangements of fl uid, electrolyte, 
and acid–base balance. The hallmark of acute kid-
ney injury is a decreased glomerular fi ltration rate 
(GFR), resulting in azotemia (ie, the accumulation 
of urea, creatinine, and other nitrogenous end prod-
ucts in the blood). Acute kidney injury exists when 
one of the following criteria is met:

• An increase in serum creatinine of 26 μmol/L 
within 48 hours or a 1.5-fold increase from the 
reference creatinine level (ie, the lowest creatinine 
value recorded within the past 3 months)

• A urine output of less than 0.5 mL/kg/h for more 
than 6 consecutive hours1

The staging system for acute kidney injury (Table 
20-1) was developed to refl ect the clinical signifi cance 
of relatively small increases in serum creatinine.

The Older Patient. In an elderly patient, a minimal 
increase in serum creatinine that would be within 
normal limits for a young adult may actually signify 
major renal impairment. In elderly people, muscle 
mass is decreased, which can lower the baseline 
serum creatinine level.

Acute kidney injury occurs in 15% to 18% of hos-
pitalized patients, and in as many as 66% of those 
treated in critical care units.1–3 In general, patients 
with acute kidney injury are older and have a great 
number of comorbid conditions.1 Regardless of the 
underlying etiology, acute kidney injury is associated 
with increased in-hospital morbidity, mortality, and 
costs along with increased long-term mortality and 
morbidity.1,2,4 Patients with acute kidney injury who 
are treated with renal replacement therapy have a 
mortality rate between 50% and 60%.1,3,5 However, 
among patients who require renal replacement ther-
apy but recover, 80% are independent of dialysis by 
the time of discharge.1

Etiology and Pathophysiology
Precipitating causes of acute kidney injury can be 
organized into three general categories—prerenal, 
intrinsic, and postrenal (Box 20-1).

Prerenal Acute Kidney Injury
Prerenal acute kidney injury can be precipitated by 
any physiological event that results in renal hypo-
perfusion (see Box 20-1). Decreased renal perfusion 
activates the renin–angiotensin–aldosterone system 
(Fig. 20-1), resulting in increased vascular volume 
and increased arterial blood pressure. These effects 

20
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274 P A R T  F I V E Renal System

arteriole, thus increasing hydrostatic pressure in the 
glomeruli.6 In this way, the kidneys can preserve the 
GFR over a wide range of mean arterial pressures. 
However, when renal perfusion is severely com-
promised, this capacity for autoregulation is over-
whelmed, and the GFR decreases.

help the body preserve circulatory volume and main-
tain adequate blood fl ow to essential organs such as 
the heart and the brain. In the kidneys, angiotensin 
II also helps maintain GFR, both by increasing effer-
ent arteriolar resistance and by inducing intrarenal 
vasodilator prostaglandins that dilate the afferent 

TA B L E  2 0 - 1 Acute Dialysis Quality Initiative (ADQI) and Acute Kidney Injury Network (AKIN) Staging 
System for Acute Kidney Injury

Stage Serum Creatinine Level Urine Output

1 Increase greater than or equal to 26 μmol/L within 48 h or increase 
greater than or equal to 1.5–1.9 times the reference serum 
creatinine level

Urine output less than 0.5 mL/kg/h for 
greater than 6 consecutive hours

2 Increase greater than 2–2.9 times the reference serum creatinine 
level

Urine output less than 0.5 mL/kg/h for 
greater than 12 h

3 Increase greater than or equal to 3 times the reference serum 
creatinine level or an increase greater than or equal to 354 
μmol/L or the patient requires continuous renal replacement 
therapy (CRRT), irrespective of stage

Urine output less than 0.3 mL/kg/h for 
greater than 24 h or anuria for 12 h

B O X  2 0 - 1   Precipitating Causes of Acute Kidney Injury

Prerenal

Decreased Intravascular Volume
• Dehydration
• Hemorrhage
• Hypovolemia (gastrointestinal losses, diuretics, diabe-

tes insipidus)
• Hypovolemic shock
• Third spacing (burns, peritonitis)

Decreased “Effective Renal Perfusion”
• Sepsis
• Cirrhosis
• Neurogenic shock

Heart Disease
• Heart failure
• Myocardial infarction
• Cardiogenic shock
• Valvular heart disease

Renal Artery Stenosis or Thromboembolism

Drugs
• Angiotensin-converting enzyme (ACE) inhibitors
• Nonsteroidal anti-infl ammatory drugs (NSAIDs)
• Calcineurin inhibitors (tacrolimus, cyclosporine)

Intrinsic

Glomerular Disease (Acute Glomerulonephritis)

Vascular Disease
• Malignant hypertension
• Microangiopathic hemolytic–uremic syndrome (HUS)
• Thrombotic thrombocytopenic purpura (TTP)
• Scleroderma

• Eclampsia
• Atheroembolic disease
• Acute cortical necrosis

Interstitial Disease
• Allergic interstitial nephritis
• Acute pyelonephritis

Tubular Disease
• Obstruction (multiple myeloma, acute urate nephrop-

athy, ethylene glycol or methanol toxicity)
• Acute tubular necrosis (ATN)
• Kidney transplant rejection

Postrenal

Ureteral Obstruction
• Intrinsic (stones, transitional cell carcinoma of the 

ureter, blood clots, stricture)
• Extrinsic (ovarian cancer; lymphoma; metastatic can-

cer of the prostate, cervix, or colon; retroperitoneal 
fi brosis)

Bladder Problems
• Tumors
• Blood clots
• Neurogenic bladder (spinal cord injury, diabetes mel-

litus, ischemia, drugs)
• Stones

Urethral Obstruction
• Prostate cancer or benign prostatic hypertrophy
• Stones
• Stricture
• Blood clots
• Obstructed indwelling catheter
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than 20 mEq/L), and the specifi c gravity is increased 
(greater than 1.020). Improved renal perfusion leads 
to normalization of these laboratory values. This 
ability to reverse prerenal acute kidney injury con-
fi rms the diagnosis.

Intrinsic Acute Kidney Injury
Intrinsic acute kidney injury is characterized by 
damage to the renal parenchyma (see Box 20-1). 
Consistent with the diversity of causes, there are 
various pathophysiological pathways that can lead 
to intrinsic acute kidney injury (Fig. 20-2).

A common cause of hospital-acquired intrinsic 
acute kidney injury is acute tubular necrosis (ATN). 
The course of ATN can be divided into four clinical 
phases:

• Onset phase. The onset phase of ATN begins with 
a toxic or ischemic insult and lasts until cell injury 
occurs. This can take hours to days, depending on 
the cause, and is heralded by an increase in serum 
creatinine. The major goal during this phase is to 
determine the cause of the ATN and begin treat-
ment to minimize  irreversible tubular damage.

• Oliguric/nonoliguric phase. The second phase 
of ATN is characterized as either oliguric (less 
than 400 mL of urine/d) or nonoliguric (more 
than 400 mL of urine/d). This phase usually 
lasts for 7 to 14 days, although it may last lon-
ger depending on the extent of renal injury.6 The 
main goal during this period is to support renal 
function until the injury heals. The nonoliguric 
presentation of ATN is most often associated 
with toxic injury and is characterized by a renal 
concentrating defect (inability to concentrate 
the urine). Nonoliguric ATN is typically of short 
duration, lasting an average of 5 to 8 days. The 

RED FLAG! In the presence of conditions 
such as hypovolemia, preexisting renal insuffi ciency, 
liver disease, heart failure, and renal artery disease, 
the use of nonsteroidal anti-infl ammatory drugs 
(NSAIDs) and angiotensin-converting enzyme (ACE) 
inhibitors can induce prerenal acute kidney injury by 
disrupting the kidney’s autoregulatory mechanisms. 
NSAIDs can inhibit prostaglandin-mediated afferent 
arteriolar vasodilation, and ACE inhibitors can 
prevent increased efferent arteriolar resistance.

Characteristic changes in urine volume and com-
position occur in prerenal acute kidney injury: the 
volume is reduced to less than 400 mL/d (less than 
17 mL/h), the sodium concentration is low (less 
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F I G U R E  2 0 - 2  Potential mechanisms of intrinsic acute kidney injury 
include (A) decreased fi ltration pressure due to renal arteriolar 
constriction, (B) decreased glomerular capillary permeability, (C) 
increased proximal tubule permeability with back leak of fi ltrate, (D) 
obstruction of urine fl ow by necrotic tubular cells, and (E) increased 
sodium delivery to the macula densa, which causes an increase in 
renin–angiotensin production and vasoconstriction at the glomeru-
lar level.

Vasoconstriction of
systemic arterioles

Aldosterone

Sodium
reabsorption

by kidney

Vascular volume and
Arterial blood pressure

Arterial blood pressure

Juxtaglomerular
cells of the kidney

Lungs

Converting
enzyme

Angiotensinogen

Angiotensin I

Angiotensin II

Adrenal
cortex

Renin

Arterioles

Extracellular fluid
Arterial blood pressure

F I G U R E  2 0 - 1  The renin–angiotensin–aldosterone system.

Morton_Chap20.indd   275Morton_Chap20.indd   275 2/4/2012   3:19:30 PM2/4/2012   3:19:30 PM



276 P A R T  F I V E Renal System

renal perfusion is restored. Profound renal vasocon-
striction, which results when damaged renal vascu-
lar endothelial cells release vasoconstrictors, may 
reduce renal blood fl ow by as much as 50%, further 
compromising renal oxygen delivery and adding to 
the ischemic damage.6 Ischemia decreases adenos-
ine triphosphate (ATP) production, robbing the 
cells of their major energy supply. Because energy 
is needed to maintain proper intracellular electro-
lyte concentrations, this results in electrolyte distur-
bances—including increased intracellular calcium, 
which has been shown to predispose the cells to 
injury and dysfunction.6,7 Further cellular damage 
occurs during reperfusion, due to release of oxygen 
free radicals. Eventually, these cellular insults cause 
the tubular cells to swell and become necrotic. The 
necrotic cells then slough off and may obstruct the 
tubular lumen (Fig. 20-3).

Toxic Acute Tubular Necrosis
Toxic ATN results from concentration of a nephro-
toxin in the renal tubular cells, leading to necrosis. 
The necrotic cells then slough off into the tubu-
lar lumen, where they may cause obstruction and 
impair glomerular fi ltration. In toxic ATN, unlike in 
ischemic ATN, the basement membrane of the tubu-
lar cells usually remains intact, and the necrotic 
areas are more localized. This may partially explain 
why nonoliguria occurs more often with toxic 
ATN, and why the healing process is often more 
rapid. Although there are many potential neph-
rotoxins (Box 20-3), aminoglycoside antibiotics 

oliguric presentation of ATN (Box 20-2) is most 
often caused by ischemia. Patients with oliguric 
ATN are less likely to recover renal function than 
those with nonoliguric ATN, and have a higher 
associated mortality rate.

• Diuretic phase. The diuretic phase of ATN lasts 
1 to 2 weeks and is characterized by a gradual 
increase in urine output as renal function starts to 
return. The degree of diuresis, which can exceed 
10 L/d, is primarily determined by the state of 
hydration at the time the patient enters this stage. 
Although the urine output may be normal or ele-
vated, renal concentrating ability is still impaired, 
putting the patient at risk for fl uid volume defi cits 
and electrolyte abnormalities (eg, hyponatremia, 
hypokalemia). Primary goals during this stage 
are maintenance of hydration, prevention of elec-
trolyte depletion, and continued support of renal 
function.

• Recovery phase. The recovery phase of ATN lasts 
from several months to a year, the time it takes for 
renal function to return to normal or near-normal 
levels. If signifi cant tubular damage has occurred, 
especially to the basement membrane (which can-
not regenerate), residual renal impairment may 
persist. A major goal during this phase is prevent-
ing recurrence through follow-up care and patient 
education.

Ischemic Acute Tubular Necrosis
Ischemic ATN results from a prolonged prerenal 
condition that causes hypoperfusion. Thus, prerenal 
acute kidney injury and ischemic ATN are a contin-
uum, underscoring the importance of prompt rec-
ognition and treatment of the prerenal state. When 
renal hypoperfusion is severe enough to overwhelm 
autoregulation and persists for a suffi cient time (the 
exact duration of which is unpredictable and var-
ies with clinical circumstances), the hypoxic renal 
tubular epithelial cells sustain irreversible damage, 
so that tubular function does not improve even when 

B O X  2 0 - 2   Clinical Manifestations of Oliguric 
Acute Tubular Necrosis (ATN)

Fluid overload
Azotemia
Electrolyte abnormalities

Hyperkalemia
Hyperphosphatemia
Hypocalcemia

Metabolic acidosis
Uremic signs and symptoms

Gastrointestinal (anorexia, nausea, vomiting, metal-
lic taste in mouth)

Neuromuscular (mental status changes, muscle 
cramps)

Integumentary (pruritus, uremic frost)
Uremic fetor (the smell of urine or ammonia on the 

breath)

Decreased
glomerular

filtration rate

Tubular
injury

Obstruction

Back leak

Afferent
arteriolar

constriction
Ischemic/toxic

insult

F I G U R E  2 0 - 3  In acute tubular necrosis (ATN), necrosis and slough-
ing of tubular epithelial cells as a result of an ischemic or toxic insult 
leads to obstruction of the lumen and increased intraluminal pres-
sure. These changes, combined with afferent arteriolar vasocon-
striction, result in decreased glomerular fi ltration. In addition, tubular 
injury and increased intraluminal pressure cause fl uid to “back-leak” 
from the tubular lumen into the interstitium.
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Postrenal Acute Kidney Injury
Postrenal acute kidney injury results from obstruc-
tion of urine fl ow (see Box 20-1). Obstruction can 
occur anywhere in the urinary tract, from the renal 
collecting ducts to the external urethral orifi ce. 
Because a single well-functioning kidney is ade-
quate to maintain homeostasis, the development of 
postrenal acute kidney injury requires blockage of 
both kidneys (ie, urethral or bladder neck obstruc-
tion or bilateral ureteral obstruction), or unilateral 
ureteral obstruction in patients with a single kid-
ney. Urinary tract obstruction causes congestion 
and retrograde pressure through the renal col-
lecting system, slowing the tubular fl uid fl ow rate 
and decreasing the GFR. As a result, reabsorption 
of sodium, water, and urea is reduced, leading to 
a lower urine sodium concentration, higher urine 
osmolality, and elevated serum creatinine and 
blood urea nitrogen (BUN) levels. With prolonged 
pressure from urinary obstruction, the entire col-
lecting system dilates, compressing and damaging 
nephrons. These changes can be avoided by prompt 
removal of the obstruction. After obstruction is 
relieved, there is often a profound diuresis that 
may be as great as 5 to 8 L/d.7 If electrolytes and 
water are not replenished as needed, this diuresis 
can lead to hemodynamic compromise, renal isch-
emia, and ATN.

The Older Patient. In elderly men, the high 
prevalence of prostatic enlargement (benign or 
malignant) increases susceptibility to postrenal acute 
kidney injury.

Assessment
Clues to the type and exact cause of the acute kidney 
injury are obtained by correlating history and physi-
cal examination fi ndings (Box 20-4) with the results 
of laboratory and diagnostic studies.

Laboratory assessment of acute kidney injury 
includes both blood and urine tests. A comparison 
of laboratory values in prerenal acute kidney injury, 
postrenal acute kidney injury, and ATN is given in 
Table 20-2.

• Urinalysis. Urine sodium concentration, osmolal-
ity, and specifi c gravity refl ect the concentrating 
ability of the kidney, and are especially helpful in 
distinguishing between prerenal acute renal fail-
ure and ATN. In prerenal failure, the hypoper-
fused kidney actively reabsorbs sodium and water 
in an attempt to increase circulatory  volume. 
Consequently, the urine sodium level and frac-
tional sodium excretion (FENa) are low, while the 
urine osmolality and specifi c gravity are high. 
In contrast, in ATN, where there is parenchymal 
damage to the kidney, the tubular cells can no lon-
ger effectively reabsorb sodium or concentrate the 
urine. As a result, the urine sodium concentration 
and FENa are high, and the urine specifi c gravity is 
low (approximately 1.010).

and radiopaque contrast material are among the 
most common causes of toxic ATN in hospitalized 
patients.

• Aminoglycosides. The onset of aminoglycoside-
induced acute kidney injury is usually delayed, 
often beginning 7 to 10 days after drug therapy is 
initiated. Aminoglycoside toxicity is dose depen-
dent. Several studies have suggested that a single 
daily dose may result in less nephrotoxicity than 
the same total amount of aminoglycoside in three 
divided doses.8,9

RED FLAG! Risk factors for aminoglycoside 
toxicity include renal impairment, volume depletion, 
advanced age, concurrent use of other nephrotoxic 
agents, and liver dysfunction.8,10

• Contrast material. Contrast-induced acute kid-
ney injury is a sudden decline of renal function 
following intravascular injection of contrast 
material. Contrast-induced acute kidney injury 
usually begins within 48 hours of IV contrast 
administration, peaks in 3 to 5 days, and returns 
to baseline in another 3 to 5 days. The risk for con-
trast-induced acute kidney injury can be reduced 
by ensuring aggressive hydration with IV saline 
or sodium bicarbonate before and after contrast 
administration, administering N-acetylcysteine 
(NAC) preprocedure, stopping any nephrotoxic 
drugs 24 hours before contrast injection, using 
the lowest effective contrast dose, using hypo or 
iso-osmolar nonionic contrast material instead 
of ionic hyperosmolar agents, and avoiding 
short intervals between contrast procedures.11,12 
Although contrast-induced acute kidney injury 
typically is nonoliguric, transient, and reversible, 
in high-risk patients it may cause severe kidney 
injury requiring permanent dialysis or kidney 
transplantation.

RED FLAG! Patients at greatest risk for 
contrast-induced acute kidney injury are those with 
diabetes mellitus, intravascular volume depletion, heart 
failure, or multiple myeloma; elderly patients; and 
those who receive a large contrast load.11

B O X  2 0 - 3   Common Nephrotoxins

• Drugs, including antimicrobials (aminoglycosides, 
amphotericin), cyclosporine, anesthetics, chemo-
therapeutic agents

• Heavy metals (mercury, lead, cisplatinum (cisplatin), 
uranium, cadmium, bismuth, arsenic)

• Radiopaque contrast material
• Heme pigments (myoglobin, hemoglobin)
• Organic solvents (carbon tetrachloride)
• Fungicides and pesticides
• Plant and animal substances (mushrooms, snake 

venom)
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• BUN and creatinine levels. In prerenal acute 
kidney injury, the BUN:creatinine ratio increases 
from the normal ratio of 10:1 to more than 20:1, 
and may be as high as 40:1. This is caused by 
dehydration (which increases primarily the 
BUN) and by passive reabsorption of urea as the 
tubules become more permeable to sodium and 
water. In contrast, in ATN and in postrenal acute 
kidney injury, the BUN and creatinine tend to 
increase proportionally, maintaining a more nor-
mal ratio.

RED FLAG! Diuretics may alter the urine’s 
chemical composition; therefore, it is best to obtain 
the urine sample before diuretics are administered. 
In patients who have already received diuretics, 
the fractional excretion of urea nitrogen (FEUN) may 
be helpful in distinguishing prerenal acute kidney 
injury from ATN. Urea, like sodium, is reabsorbed in 
a prerenal hypoperfused kidney; but unlike sodium, its
reabsorption is primarily passive and is not inhibited 
by loop or thiazide diuretic administration.13 In prerenal 
acute kidney injury, the FEUN is less than 35%, 
whereas normally and in ATN, it is greater than 50%.

B O X  2 0 - 4   Notable History and Physical Examination Findings in Acute Kidney Injury

TA B L E  2 0 - 2 Comparison of Laboratory Findings in Acute Prerenal Failure, Acute Postrenal Failure, and 
Acute Tubular Necrosis (ATN)

Value Prerenal Postrenal ATN

Urine volume Oliguria May alternate between anuria 
and polyuria

Anuria, oliguria, or 
nonoliguria

Urine osmolality Increased (greater than 
500 mOsm/kg H2O)

Varies; increased or equal to 
serum osmolality

Decreased (250–
300 mOsm/kg H2O)

Urine specifi c gravity Increased (greater than 1.020) Varies Approximately 1.010
Urine sodium Less than 20 mEq/L Varies Greater than 40 mEq/L
Urine sediment Normal, few hyaline casts Normal, may contain crystals Granular casts, tubular 

epithelial cells
Fractional excretion of 

sodium (FENa)
Less than 1% Greater than 1% Greater than 1% (often 

greater than 3%)
BUN:creatinine ratio Greater than 20:1 10:1 to 15:1 10:1 to 15:1

Prerenal

History Physical Examination

Any event or condition that could contribute to 
decreased renal perfusion (see Box 20-1, p. 274)

Poor skin turgor, dry mucous membranes, weight 
loss, reduced jugular venous distention (suggestive of 
decreased renal perfusion related to dehydration or 
hypovolemia)

A history of atherosclerotic disease Edema, ascites, weight gain (suggestive of decreased renal 
perfusion related to vasodilation, third spacing, cardiovas-
cular disease, or liver disease)

Intrinsic

History Physical Examination

Any prolonged prerenal event or condition Signs of streptococcal throat infection

Exposure to nephrotoxins Signs of lupus (eg, butterfl y rash)

Systemic diseases (eg, lupus, vasculitis, recent strepto-
coccal infections)

Signs of embolism (eg, discolored toes, bluish mottling of 
the skin of the extremities)

History of trauma or prolonged loss of consciousness
History of extremity trauma (could suggest a cause of 
heme pigment toxicity, such as rhabdomyolysis)
History of cardiac catheterization, anticoagulation, or 
thrombolytic therapy

Postrenal

History Physical Examination

History of abdominal tumors or calculi Bladder distention

History of benign or malignant prostatic enlargement Abdominal mass
Enlarged or nodular prostate gland
Kinked or obstructed indwelling urinary catheter
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between renal and cardiovascular disease, and in 
patients with ESRD, cardiovascular disease is the 
leading cause of morbidity and mortality.7

Although chronic kidney disease has many causes 
(Box 20-5), diabetes and hypertension are the two 
most common (accounting for more than 36% and 
24% of ESRD cases, respectively).14 Because pre-
dictable complications and management strategies 
are correlated with the level of kidney dysfunction, 
regardless of underlying etiology, staging of chronic 
kidney disease is based on the GFR (Table 20-3).

Regardless of the underlying cause, common 
morphologic features seen in chronic kidney dis-
ease include fi brosis, loss of native renal cells, and 
infi ltration by monocytes and macrophages.15,16 
Abnormal glomerular hemodynamics, hypoxia, and 
proteinuria contribute to these pathologic changes.

• Abnormal glomerular hemodynamics. Because 
each of the more than one million nephrons in 
each kidney is an independent functioning unit, as 
renal disease progresses, nephrons can lose func-
tion at different times. When an individual neph-
ron becomes dysfunctional, nephrons in close 
proximity compensate, increasing their individual 
fi ltration rates by increasing blood fl ow and hydro-
static pressure in their glomerular capillaries. This 
hyperfi ltration response in the nondiseased neph-
rons enables the kidneys to maintain excretory 
and homeostatic functions, even when up to 70% 
of the nephrons are damaged. However, eventu-
ally, the intact nephrons reach a point of maximal 
fi ltration, so that any additional loss of glomerular 
mass is accompanied by an incremental reduction 
of GFR and subsequent accumulation of fi lterable 
toxins. Although hyperfi ltration is an adaptive 
response to nephron loss, over time it can actually 
accelerate nephron loss because the hyperfi ltration 
causes endothelial injury, stimulates profi brotic 
cytokines, leads to infi ltration by monocytes and 
macrophages, and causes detachment of glomeru-
lar epithelial cells. In addition, hyperfi ltration pro-
motes hypertrophy of the nondiseased nephrons, 
increasing wall stress and causing injury.7

• Hypoxia. In chronic kidney disease, loss of peri-
tubular capillaries results in reduced capillary 

Diagnostic studies used in the evaluation of acute kid-
ney injury include renal ultrasonography (to identify 
or rule out obstruction), computed tomography (CT) 
and magnetic resonance imaging (MRI) (to evaluate 
for masses, vascular disorders, and fi lling defects in 
the collecting system), renal angiography (to evalu-
ate for renal artery stenosis or thromboembolism), 
and renal biopsy (to evaluate for non-ATN intrinsic 
acute kidney injury, especially if urinalysis reveals 
signifi cant proteinuria or unexplained hematuria).

Chronic Kidney Disease
Chronic kidney disease is a slowly progressive, irre-
versible deterioration in renal function that results in 
the kidney’s inability to eliminate waste products and 
maintain fl uid and electrolyte balance. Ultimately, 
it leads to end-stage renal disease (ESRD) and the 
need for renal replacement therapy, renal transplan-
tation, or both to sustain life. There is an association 

TA B L E  2 0 - 3 Stages of Chronic Kidney Disease

Stage Description GFR (mL/min/1.73 m2)

1 Kidney damagea with normal or increased GFR Greater than or equal to 90
2 Kidney damage with mildly decreased GFR 60–89
3 Moderately decreased GFR 30–59
4 Severely decreased GFR 15–29
5 Kidney failure Less than 15 or dialysis

GFR, glomerular fi ltration rate.
aKidney damage is defi ned as pathologic abnormalities or markers of damage, including abnormal blood or 
urine tests or imaging studies.

Adapted from Jacobs C, Opolinsky D. The Little Handbook of Dialysis. Boston, MA: Jones and Bartlett 
Publishers, 2010.

B O X  2 0 - 5   Causes of Chronic Kidney Disease

• Diabetes mellitus
• Hypertension
• Glomerulonephritis

 ° Primary (immunoglobulin A nephropathy, postin-
fectious glomerulonephritis)

 ° Secondary (HIV nephropathy, lupus, cryoglobuli-
nemia, Wegener’s granulomatosis, Goodpasture’s 
syndrome, polyarteritis nodosa, amyloidosis)

• Interstitial nephritis (allergic interstitial nephritis, 
pyelonephritis)

• Microangiopathic vascular disease (atheroembolic 
disease, scleroderma)

• Congenital disease
• Genetic disease (polycystic kidney disease, medullary 

cystic kidney disease)
• Obstructive uropathy
• Neoplasms
• Transplant rejection
• Hepatorenal syndrome
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Cardiac Dysrhythmias
In both acute kidney injury and chronic kidney dis-
ease, hyperkalemia occurs when the decreased GFR 
impairs the kidneys’ ability to excrete excess potas-
sium. Hyperkalemia causes characteristic electro-
cardiographic (ECG) abnormalities (Fig. 20-4) and, 
if not recognized and treated, can lead to life-threat-
ening cardiac dysrhythmias.

Mild hyperkalemia (less than 6 mEq/L without 
ECG changes) can be treated with dietary potassium 
restriction, diuretics, and oral or rectal potassium-
binding resins (eg, sodium polystyrene sulfate). For 
patients with substantial ECG changes, IV calcium 
gluconate or chloride is administered to antagonize 
the effects of potassium on the heart. IV insulin and 
dextrose administration and IV bicarbonate admin-
istration promote movement of potassium into cells. 
Finally, potassium-binding resins and diuretics are 
used to facilitate the removal of potassium from the 
body. If these measures do not control hyperkale-
mia, dialysis must be initiated.

Pericarditis
Uremic pericarditis (infl ammation of the pericardial 
membrane that occurs primarily in ESRD) is usually 
(but not always) aseptic. Although its exact etiology 
is unknown, it is associated with the accumulation 
of uremic toxins, treatment with the antihypertensive 
agent minoxidil, heparin administration, and bacte-
rial or viral infection. Treatment entails aggressive 
dialysis therapy, usually daily, until symptoms resolve. 
Because anticoagulation during dialysis may precipi-
tate or enhance bleeding into the pericardial space, 
either low-dose, regional, or no heparin may be pre-
scribed. Systemic steroids and NSAIDs may be used to 
reduce infl ammation, but have variable results.

RED FLAG! Pericardial effusion associated 
with pericarditis can lead to tamponade if fl uid 
accumulates in the pericardial sac. Tamponade, 
a life-threatening complication, requires urgent 
pericardiocentesis to relieve the pressure on the 
heart.

Pulmonary Complications
Pulmonary edema secondary to fl uid overload, 
heart failure, or both is a frequent complication in 
patients with oliguric acute kidney injury or ESRD. 
Other pulmonary complications in patients with 
impaired renal function include pleural effusions, 
pulmonary infections, pleuritic infl ammation and 
pain, and uremic pneumonitis. Pleuritic infl am-
mation and uremic pneumonitis are seen most fre-
quently in ESRD and are due to the effect of uremic 
toxins on the lungs and inadequate dialysis.

Hematological Complications
Hematological complications in acute kidney injury 
and chronic kidney disease include an increased 
bleeding tendency and anemia. The increased 

perfusion of the tubules. The resultant hypoxia 
favors the release of proinfl ammatory and profi -
brotic cytokines, leading to fi brosis and cell injury.

• Proteinuria. This is the result of glomerular 
hypertension and abnormal glomerular perme-
ability. The fi ltered protein is partially reabsorbed 
and accumulates in the proximal tubule cells, 
leading to infl ammation and fi brosis.14

Increasing evidence shows that early detection and 
treatment of chronic kidney disease may delay or 
prevent progression to ESRD. Measures to slow 
the progression of chronic kidney disease include 
managing the underlying cause (eg, strict control of 
blood glucose levels in patients with diabetes, strict 
control of blood pressure in patients with hyperten-
sion) and avoiding secondary insults to the kidney 
that can rapidly accelerate nephron loss (Box 20-6).

Complications of Impaired Renal 
Function
Impaired renal function has wide-reaching effects 
on the body. Acute kidney injury and chronic kidney 
disease share many of the same clinical manifesta-
tions and complications.

Cardiovascular Complications
Common cardiovascular complications seen in 
patients with impaired renal function include hyper-
tension, hyperkalemia-induced heart dysrhythmias, 
and pericarditis.

Hypertension
Hypertension, a complication of both acute kid-
ney injury and chronic kidney disease, results from 
excess water and sodium retention, overactivation 
of the sympathetic nervous system, and stimulation 
of the renin–angiotensin–aldosterone system. Blood 
pressure control is essential to prevent end-organ 
damage and reduce the risk for life-threatening 
cardiovascular events. Management strategies may 
include fl uid and sodium restriction, administration 
of diuretics and antihypertensive agents, and dialy-
sis to remove excess fl uid.

B O X  2 0 - 6   Secondary Insults That Can 
Accelerate Chronic Kidney Disease 
Progression

• Altered renal perfusion
• Hypovolemia
• Nonsteroidal anti-infl ammatory drugs (NSAIDs)
• Nephrotoxic agents
• Urinary obstruction
• Urinary infection
• Hypercalcemia
• Hyperlipidemia
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neuropathies, including burning feet syndrome (ie, 
paresthesias and numbness in the soles of the feet 
and lower parts of the legs).

Infection
Infection is a major cause of mortality in patients 
with acute kidney injury and chronic kidney disease, 
because patients with impaired renal function are 
immunocompromised. The immune impairment is 
thought to be due to malnutrition and the effects of 
uremia on leukocytes (ie, depressed T-cell and anti-
body–mediated immunity, impaired phagocytosis, 
and decreased leukocyte chemotaxis and adherence).7 
Preventive measures include frequent handwashing 
and removing invasive catheters as soon as possible (or 
avoiding their use altogether). In addition, the nurse 
closely monitors for signs and symptoms of infection.

RED FLAG! Baseline body temperature is 
decreased in uremic patients, and any increase 
above baseline is signifi cant.

Musculoskeletal Complications
In patients with impaired renal function, dis-
turbances in calcium and phosphate balance set 
the stage for bone disease (Fig. 20-5). As the GFR 
declines, serum phosphate levels begin to rise. The 
excess phosphate binds calcium, lowering serum 
levels of ionized calcium. In response to decreased 
ionized calcium levels, the parathyroid glands 
secrete parathyroid hormone (PTH). PTH causes 
reabsorption of calcium and phosphate salts from 
the bones, thus increasing the serum calcium level 
at the expense of bone mineral density and mass and 
resulting in the condition known as high-turnover 
renal osteodystrophy. Eventually, as calcium and 
phosphate continue to be reabsorbed from bones, 
their serum levels rise concomitantly. Calcium phos-
phate crystals can form and precipitate in various 
parts of the body (eg, the brain, eyes, gums, heart 
valves, myocardium, lungs, joints, blood vessels, 
and skin), leading to metastatic calcifi cations. Other 
musculoskeletal complications include bone pain, 
fractures, pseudogout (from deposits of calcium in 
synovial fl uid), periarthritis (from calcifi cations in 
the soft tissues around the joints), proximal muscle 
weakness, and spontaneous tendon ruptures.

bleeding tendency in patients with impaired renal 
function is attributable to impaired platelet aggrega-
tion and adhesion and an altered platelet response 
to clotting factor VII. These alterations are thought 
to be due to uremia, but their exact pathophysiologi-
cal mechanisms are unknown.

Anemia in patients with renal injury is attribut-
able to three main mechanisms: erythropoietin defi -
ciency, decreased red blood cell (RBC) survival time, 
and blood loss due to increased bleeding tendency. 
Erythropoietin, a glycoprotein that stimulates RBC 
production in response to hypoxia, is produced in the 
kidney; as nephrons are damaged, synthesis of eryth-
ropoietin is impaired. Decreased RBC survival time 
in renal injury is the result of a mild hemolysis, possi-
bly related to dialysis therapy or the effect of uremia 
on erythrocytes. To counteract anemia, recombinant 
human erythropoietin (rHuEPO), darbepoetin (an 
analogue of rHuEPO), or blood products may be 
administered. The full effect of rHuEPO or darbepo-
etin takes weeks to achieve; hence, in patients with 
profound anemia, RBC transfusion is indicated. In 
addition, rHuEPO or darbepoetin administration 
may result in blood pressure elevation, in some cases 
requiring modifi cation of antihypertensive therapy.

Gastrointestinal Complications
In both acute kidney injury and chronic kidney dis-
ease, gastrointestinal bleeding is a potentially life-
threatening complication. In patients with acute 
kidney injury, gastrointestinal bleeding may have 
many causes, including platelet and blood-clotting 
abnormalities, the use of anticoagulation during 
dialysis, physiological stress, and increased ammo-
nia production in the gastrointestinal tract from urea 
breakdown. Other gastrointestinal complications 
associated primarily with chronic kidney disease 
include anorexia, nausea, vomiting, diarrhea, con-
stipation, gastroesophageal refl ux disease (GERD), 
stomatitis, a metallic taste in the mouth, and uremic 
fetor (the smell of urine or ammonia on the breath).

Neuromuscular Complications
Neuromuscular complications, seen primarily in 
advanced chronic kidney disease, include sleep dis-
turbances, cognitive disturbances, lethargy, muscle 
irritability, restless legs syndrome, and peripheral 

A B C

F I G U R E  2 0 - 4  Hyperkalemia is manifested on the electrocardiogram (ECG) by tall, narrow, peaked T waves; 
fl at, wide P waves; and widening of the QRS complex. A: Waveform produced when potassium levels fall 
within the normal range (3.5 to 5 mEq/L). B: When the serum potassium level rises above 5.5 mEq/L, the T 
wave begins to peak (highlighted area). The P wave and QRS complex are normal. C: When the potassium 
level exceeds 6.5 mEq/L, the P wave grows wider and fl atter, and the QRS complex widens (highlighted area).
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Management of Impaired Renal 
Function
In both acute kidney injury and chronic kidney dis-
ease, management includes treating the primary 
insult as well as the complications that result from 
loss of kidney function. In addition, many patients 
with acute or chronic kidney injury require renal 
replacement therapy (see Chapter 19). A collabora-
tive care guide for the patient with renal injury is 
presented in Box 20-7.

Managing Fluid Balance
Management of fl uid balance is of primary impor-
tance in patients with impaired renal function.

• Acute kidney injury. In prerenal acute kidney 
injury and the onset phase of ischemic ATN, if 
the cause of the inadequate renal perfusion is an 
intravascular volume defi cit, prompt adminis-
tration of replacement fl uids is indicated. Fluid 

Integumentary Complications
Xerosis (dryness), pruritus, and lesions (eg, pale 
bronze skin discolorations, ecchymosis, purpura, 
bullous dermatosis) may be seen in patients with 
impaired renal function. Uremic frost (a white, pow-
dery substance on the skin that is caused by crys-
tallization of urea) is usually only seen in severely 
uremic patients. In patients with an arteriovenous 
fi stula or graft, a benign proliferation of blood ves-
sels called pseudo-Kaposi’s sarcoma may develop in 
the area of the fi stula, graft, or hands as a reaction 
to increased venous pressure.

RED FLAG! Because many medications 
and their metabolites are excreted by the kidneys, 
extreme caution must be used when administering 
medication to patients with impaired renal function. 
Depending on the patient’s GFR, adjustments may 
need to be made in the drug dosage, the interval 
between drug dosages, or both. In addition, due to 
instability of the GFR, frequent monitoring of the 
GFR is necessary to determine accurate dosages.

RENAL FAILURE

Decreased GFR

Increased serum 
phosphate

Decreased 
serum calcium

Increased PTH

Increased resorption of
calcium and phosphate

from bones

Increased calcium
phosphate product

METASTATIC
CALCIFICATIONS

HIGH-TURNOVER
RENAL OSTEODYSTROPHY

Decreased vitamin D3
(1,25-dihydroxycholecalciferol)

Decreased calcium absorption 
from gastrointestinal tract

F I G U R E  2 0 - 5  Effects of renal injury on the skeletal sys-
tem. GFR, glomerular fi ltration rate; PTH, parathyroid 
hormone.
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OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
The patient has adequate gas 

exchange as evidenced by:
• ABGs within normal limits
• SpO2 >92%
• Clear breath sounds
• Normal respiratory rate and depth
• Normal chest x-ray

• Monitor ABGs and continuous pulse oximetry.
• Monitor acid–base status.
• Monitor for signs and symptoms of pulmonary distress from fl uid overload.
• Provide routine bronchial hygiene therapy (BHT), including suctioning, 

chest percussion, incentive spirometry, and turning.
• Mobilize out of bed to chair.
• Support the patient with oxygen therapy, mechanical ventilation, or both as 

indicated. Involve respiratory therapist.
 

Circulation/Perfusion
The patient’s BP, HR, and 

hemodynamic parameters are 
within normal limits.

The patient has adequate tissue 
perfusion as evidenced by:

• Adequate hemoglobin levels
• Euvolemic status
• Optimal urine output depending 

on phase of acute renal failure
• Appropriate level of consciousness

• Monitor vital signs q1–2h.
• Monitor PAOP and CVP qh and cardiac output, systemic vascular 

 resistance, and peripheral vascular resistance per protocol and acuity level, 
if pulmonary artery catheter is in place.

• Assess vital signs continuously or every 15 min during dialysis.
• Monitor hemoglobin and hematocrit levels daily.
• Assess for evidence of tissue perfusion (pain, pulses, color, temperature) 

and for signs of decreased organ perfusion (eg, altered level of conscious-
ness, ileus, decreasing urine output).

• Administer intravascular crystalloids or blood products as indicated.
 

Fluids/Electrolytes
The patient is euvolemic.
The patient achieves normal 

electrolyte balance.
The patient achieves optimal renal 

function.

• Monitor fl uid status, including I&O (fl uid restriction), daily weights, urine 
output trends, vital signs, CVP, and PAOP.

• Monitor for signs and symptoms of hypervolemia (hypertension, pulmonary 
edema, peripheral edema, jugular venous distention, and increased CVP).

• Monitor serum electrolytes daily.
• Monitor renal parameters, including urine output, BUN, serum creatinine, 

acid–base status, urine electrolytes, urine osmolality, and urine specifi c gravity.
• Administer fl uids and diuretics to maintain intravascular volume and renal 

function per order.
• Replace electrolytes as ordered, if low.
• Treat the elevated electrolytes as ordered.
• Treat the patient with, and monitor response to, dialysis therapies if indicated.
• Monitor and maintain dialysis access for chosen intermittent or continuous 

dialysis method.
Continuous Veno–Veno Dialysis
• Monitor and regulate ultrafi ltration rate hourly based on the patient’s 

response and fl uid status.
• Provide fl uid replacements as ordered.
• Assess and troubleshoot hemofi lter and blood tubing hourly
• Protect vascular access from dislodgment.
• Change fi lter and tubing per protocol.
• Monitor vascular access for infection.
Peritoneal Dialysis
• Slowly infuse warmed dialysate.
• Drain after appropriate dwell time.
• Assess drainage for volume and appearance.
• Send cultures daily.
• Assess access site for infection.
Intermittent Hemodialysis
• Assess shunt for thrill and bruit q12h.
• Avoid constrictions (ie, blood pressures), phlebotomy, and IV fl uid adminis-

tration in arm with shunt.
• Assess for infection.
• Monitor perfusion of related extremity.

(continued on page 284)
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B O X  2 0 - 7 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Impaired Renal Function 
(continued)

OUTCOMES INTERVENTIONS
 

Mobility
The patient remains free of 

complications related to bedrest 
and immobility.

• Initiate DVT prophylaxis.
• Reposition frequently.
• Mobilize to chair when possible.
• Consult physical therapist.
• Conduct range-of-motion and strengthening exercises.

 

Protection/Safety
The patient is protected from 

possible harm.
• Assess need for wrist restraints if the patient is intubated, has a decreased 

level of consciousness, is unable to follow commands, or is acutely agitated, 
or for affected extremity during hemodialysis. Explain need for restraints to 
the patient and family members. If restrained, assess response to restraints 
and check skin integrity and perfusion q1–2h. Follow facility protocol for 
use of restraints.

• Use siderails on bed and safety belts on chairs as appropriate.
• Follow seizure precautions.

 

Skin Integrity
The patient is without evidence of 

skin breakdown.
• Assess skin integrity and all bony prominences q4h.
• Turn q2h.
• Consider a pressure relief/reduction mattress. Use Braden scale to assess 

risk for skin breakdown.
• Use superfatted or lanolin-based soap for bathing and apply emollients for 

pruritus.
• Treat pressure ulcers according to facility protocol. Involve enterostomal 

nurse in care.
 

Nutrition
The patient is adequately nourished 

as evidenced by
• Stable weight not <10% below or 

>20% above ideal body weight
• An albumin level of 3.5–4.0 g/dL
• A total protein level of 6–8 g/dL
• A total lymphocyte count of 1000–

3000 × 106/L

• Consult dietitian to direct and coordinate nutritional support.
• Observe sodium, potassium, protein, and fl uid restriction as indicated.
• Provide small, frequent feedings.
• Provide parenteral or enteral feeding as ordered.
• Monitor albumin, prealbumin, total protein, hematocrit, hemoglobin, and 

WBC counts, and monitor daily weights to assess effectiveness of nutri-
tional therapy.

 

Comfort/Pain Control
The patient is as comfortable as 

possible (as evidenced by stable 
vital signs or cooperation with 
treatments or procedures).

• Monitor for signs and symptoms of respiratory distress related to fl uid 
overload and support oxygenation as needed. Keep head of bed elevated 
and teach breathing techniques to minimize respiratory distress, such as 
pursed-lip breathing.

• Plan fl uid restrictions over 24 h allowing for periodic sips of water and ice 
chips to minimize thirst.

• Provide frequent mouth and skin care.
• Document pain assessment, using numerical pain rating or similar scale 

when possible.
• Provide a quiet environment and frequent reassurance.
• Observe for complications that may cause discomfort, such as infection of 

vascular access device, peritonitis or inadequate draining during peritoneal 
dialysis, and gastrointestinal disturbances (nausea, vomiting, diarrhea, 
constipation).

• Administer analgesics, antiemetics, antidiarrheals, laxatives (nonmagne-
sium and nonphosphate containing), stool softeners, antihistamines, seda-
tives, or anxiolytics as needed and monitor response.
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B O X  2 0 - 7 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Impaired Renal Function 
(continued)

OUTCOMES INTERVENTIONS
 

Psychosocial
The patient demonstrates a 

decrease in anxiety, as evidenced 
by patient self-report and 
objective observations (eg, vital 
signs within normal limits)

• Assess vital signs.
• Explore patient and family concerns.
• If the patient is intubated, develop interventions for effective communication.
• Arrange for fl exible visitation to meet needs of the patient and family.
• Provide for adequate rest and sleep.
• Provide frequent information and updates on condition and treatment, and 

explain equipment. Answer all questions.
• Consult social services and clergy as appropriate.
• Administer sedatives and antidepressants as appropriate and monitor response.

 

Teaching/Discharge Planning
The patient and family members 

understand procedures and 
tests needed for treatment 
during acute renal failure and 
maintenance of a patient with 
chronic disease.

The patient and family members 
understand the severity of 
the illness, ask appropriate 
questions, and anticipate 
potential complications.

In preparation for discharge to home, 
the patient and family members 
demonstrate an understanding of 
renal replacement therapy, fl uid 
and dietary restrictions, and the 
medication regimen

• Prepare the patient and family members for procedures, such as insertion 
of dialysis access, dialysis therapy, or laboratory studies.

• Explain the causes and effects of renal failure and the potential for compli-
cations, such as hypertension and fl uid overload.

• Encourage family members to ask questions related to the pathophysiology 
of renal failure, dialysis, and dietary or fl uid restrictions.

• Make appropriate referrals and consults early during hospitalization.
• Initiate family education regarding home care of the patient on dialysis, 

what to expect, maintenance of renal function, and when to seek medical 
attention.

administration is also indicated to replace fl uid 
losses in the diuretic phase of ATN and after 
relief of obstruction in postrenal acute kidney 
injury, due to the profound diuresis that occurs. 
Diuretics are also used to increase urinary fl ow 
and help alleviate fl uid overload or prevent tubu-
lar obstruction.

RED FLAG! In any oliguric state, caution must 
be taken to prevent fl uid overload. In a sustained 
oliguric state (eg, the oliguric phase of ATN), fl uid 
administration is restricted to the previous day’s 
urine output volume plus 500 to 800 mL to account 
for insensible losses.

• Chronic kidney disease. In chronic kidney dis-
ease, fl uid and salt restriction is a mainstay of ther-
apy to prevent fl uid overload. Sodium is restricted 
to less than 2400 mg/d, and fl uid intake is limited 
to 500 mL plus the previous day’s 24-hour urine 
output. Diuretics may also be used to manage 
volume overload in the early stages of chronic 
kidney disease; however, by the time the patient 

develops ESRD, extensive renal damage prevents 
an adequate response. Patients with ESRD require 
dialysis to manage fl uid overload and ongoing 
assessment of fl uid status is imperative.

Managing Acid–Base Alterations
Acute kidney injury and chronic kidney disease 
typically result in metabolic acidosis because of 
the nephrons’ progressive inability to secrete and 
excrete hydrogen ions and reabsorb bicarbonate 
ions. In chronic kidney disease, metabolic aci-
dosis begins to manifest in stage 3. Although the 
metabolic acidosis seen in chronic kidney disease 
is usually mild, it is associated with many adverse 
consequences, including fatigue, protein catabo-
lism, and bone demineralization (which occurs 
as bone phosphate and carbonate are pulled into 
the blood for use as buffers against excess hydro-
gen ion). In critically ill patients with acute kidney 
injury, metabolic acidosis may be intensifi ed by 
concurrent conditions such as lactic acidosis or dia-
betic ketoacidosis (DKA).

ABGs, arterial blood gases; BHT, bronchial hygiene therapy; BP, blood pressure; HR, heart rate; 
RAP, right atrial pressure; PAOP, pulmonary artery occlusion pressure; CVP, central venous pressure; 
DVT, deep venous thrombosis; WBC, white blood cell; BUN, blood urea nitrogen.
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Treatment with alkalinizing medications (eg, 
Bicitra, sodium bicarbonate tablets), dialysis, or 
both, is warranted when the plasma bicarbonate level 
is less than 22 mEq/L. Because of potential compli-
cations (eg, extracellular volume excess, metabolic 
alkalosis, hypokalemia), the use of IV sodium bicar-
bonate is reserved for severe acidosis (evidenced by 
a blood pH less than 7.2 or a plasma bicarbonate 
level less than 12 to 14 mEq/L). Intractable acidosis 
is an indication for dialysis.

RED FLAG! Too rapid correction of 
metabolic acidosis may lead to overcorrection (ie, 
metabolic alkalosis), resulting in a suppressed 
respiratory drive and hypoventilation. Overcorrection 
can also lead to acute hypocalcemia and tetany 
(because alkalosis increases calcium binding, 
reducing the levels of ionized calcium in the blood).

Providing Nutritional Support
The goals of nutritional therapy in patients with 
renal disease are listed in Box 20-8. Renal diets typi-
cally restrict fl uid, sodium, potassium, and phos-
phate intake, and may include supplementation of 
iron, vitamins, and calcium. Critically ill patients 
with renal disease need a high-calorie diet (35 to 
45 kcal/kg/d). Most of the calories should come 
from a combination of carbohydrates and lipids, 
with adequate protein intake to prevent catabolism. 
Protein restriction to decrease uremic symptoms is 
controversial; if prescribed, it should never compro-
mise anabolic goals, which would put the patient at 
risk for malnutrition.

Providing Psychosocial Support
Patients with acute kidney injury or chronic kid-
ney disease often experience fear, anxiety, depres-
sion, feelings of powerlessness, and body image 
disturbances. Patients and their families may have 
diffi culty coping owing to stress, limited resources 
or support, interruptions in usual family roles, or a 
combination of these factors. Nursing interventions 
include providing information, involving the patient 
and family in care, and involving other members 
of the interdisciplinary team (eg, social services) as 
needed.

B O X  2 0 - 8   Goals of Nutritional Therapy in 
Patients With Renal Disease

• Minimize uremic symptoms.
• Reduce the incidence of fl uid, electrolyte, and acid–

base imbalances.
• Minimize symptoms of anemia.
• Decrease susceptibility to infections.
• Limit catabolism.
• Reduce cardiovascular risk.
• Manage other comorbid conditions.

C A S E  S T U D Y

Mr. H., a 72-year-old African American, is 
brought to the emergency department by paramed-
ics. According to the paramedics, Mr. H.’s daughter 
found her father unconscious in his home. Two days 
ago, when she last saw him, he “seemed slightly 
more confused than normal but otherwise okay.” 
His past medical history is notable for hypertension, 
type 2 diabetes mellitus, chronic kidney disease 
(stage 3), “mild” dementia, and benign prostatic 
enlargement. He takes the following medications 
daily: aspirin, 81 mg; lisinopril, 5 mg; amlodipine, 
10 mg; atorvastatin, 20 mg; glipizide XL, 5 mg; and 
tamsulosin, 0.4 mg. His baseline serum creatinine 
and estimated GFR, determined in a routine clinic 
visit less than 2 weeks ago, are 2.0 mg/dL and 
56 mL/min/1.73 m2, respectively.

On presentation, Mr. H. is responsive to pain-
ful stimuli. His vital signs are BP, 80/40 mm Hg; 
HR, 130 beats/min and regular; RR, 28 breaths/
min; and rectal temp, 101.3°F. Physical examina-
tion shows dry mucous membranes; clear breath 
sounds bilaterally; tachycardia without any rubs, 
gallops, or murmurs; a soft abdomen, but grimac-
ing on deep palpation, with normal active bowel 
sounds in all quadrants, and no organomegaly or 
masses; and no edema in the extremities or dimin-
ished distal pulses.

Initial laboratory studies are notable for the fol-
lowing: Na+, 158 mEq/L; K+, 5.8 mEq/L; chloride, 98 
mEq/L; bicarbonate, 14 mEq/L; blood urea nitrogen 
(BUN), 127 mg/dL; creatinine, 8.5 mg/dL; WBC 
count, 20,000/mm3 with 85% neutrophils; hemoglo-
bin, 14 g/dL; hematocrit, 47%; urinalysis— specifi c 
gravity, 1.030, +1 protein, +1 blood; and urine 
microscopy—too numerous to count WBCs, 3 to 
5 RBCs, dark muddy granular casts, and renal 
tubular epithelial cells. Arterial blood gases (ABGs) 
on room air are pH, 7.2; PaCO2, 25 mm Hg; and 
PaO2, 75 mm Hg. A chest radiograph shows no 
infi ltrates. An ECG shows sinus tachycardia, left 
ventricular hypertrophy, and no ischemic changes. 
Additional diagnostic testing reveals a normal total 
creatine phosphokinase and serum troponin.

Mr. H. is admitted to the critical care unit. His 
blood pressure remains tenuous despite 2.5 L of 
normal saline, and he is placed on a dopamine 
infusion to keep the mean arterial pressure (MAP) 
greater than 65 mm Hg. His fi rst hospital day is 
notable for persistent fever (Tmax = 102.2°F) and 
hemodynamic instability. Blood and urine cultures 
return positive for Escherichia coli and antibiotic 
therapy is initiated. Repeat laboratory studies on 
critical care unit day 1 reveal the following: Na+, 148 
mEq/L; K+, 6 mEq/L; chloride, 105 mEq/L; bicarbon-
ate, 12 mEq/L; BUN, 134 mg/dL; and creatinine 8.7 
mg/dL. Urine output for the fi rst 24 hours is 50 mL.

Renal ultrasound reveals abnormalities. 
Repeat ABGs on 50% oxygen are now pH, 7.2; 
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PaCO2, 33 mm Hg; and PaO2, 83 mm Hg. Mr. H. 
is  intubated. A chest radiograph obtained after 
intubation shows prominent pulmonary arteries 
with diffuse alveolar infi ltrates, consistent with pul-
monary edema. The nephrologist is consulted and 
recommends continuous renal replacement therapy 
(CRRT).

1. What is the cause of Mr. H.’s acute kidney injury?

2. Is Mr. H.’s acute kidney injury prerenal or 
intrinsic?

3. What acid–base disorder does Mr. H. have? 
Explain your answer.

4. Why does the nephrologist recommend dialysis 
for Mr. H?
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C H A P T E R

21

SIX

Nervous System

Based on the content in this chapter, the reader should be able to:

1 Perform a comprehensive neurological assessment.
2 Identify abnormal assessment fi ndings consistent with neurological 

compromise.
3 Analyze assessment fi ndings and evaluate the effect of neurological 

dysfunction on the patient.
4 Identify preprocedure and postprocedure nursing interventions appropriate to 

selected neurodiagnostic tests.

O B J E C T I V E S

Changes in neurological status may be the fi rst 
indication that a patient’s condition is worsen-
ing. The nurse is responsible for recognizing these 
changes, correlating fi ndings to the pathophysiolog-
ical process, and intervening appropriately.

History
Elements of the neurologic history are summarized 
in Box 21-1.

The Older Patient. When assessing an older adult, 
it is necessary to ascertain the person’s previous
level of functioning to assess the person’s status 
adequately.

Physical Examination
Mental Status
The mental status examination evaluates level of 
consciousness and arousal, orientation to the envi-
ronment, and thought content (Table 21-1). The 
degree of a patient’s awareness of, and response to, 
the environment is the most sensitive indicator of 
nervous system function. Responsiveness is evalu-
ated in terms of the patient’s arousal to external 
stimuli and is described in terms of gradations of 
responses (Box 21-2).

Assessment of the patient’s ability to communicate 
is an important aspect of the mental status exami-
nation. Use of language requires comprehension 

Patient Assessment: Nervous System
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TA B L E  2 1 - 1 Mental Status Examination

Functions Test Implications

Orientation Time: Patient states year, month, date, season, day of week.
Place: Patient indicates state, county, city of residency, or 

hospital name, fl oor, or room number.

May be altered by a multitude of 
neurologic conditions

Attention Digit span, serial 7’s; recitation of months of the year in 
reverse order

May be impaired in delirium, frontal lobe 
damage, and dementia

Memory Short-term: Patient recalls three items after 5 min.
Long-term: Patient recalls facts such as mother’s maiden 

name, events of previous day.

May be impaired in conditions such as 
dementia, stroke, and delirium

Language Naming: Patient identifi es objects as the nurse points to them.
Comprehension: Patient responds to simple and complex 

commands.
Repetition: Patient repeats phrases such as “no ifs, ands, or buts.”
Reading: Patient reads and explains a short passage.
Writing: Patient writes a brief sentence.

Requires integration of visual, semantic, 
and verbal aspects of language

Dysfunction may be associated with 
lesions of left frontal cerebral cortex 
(Broca’s area); patient’s responses 
may also depend on educational level.

Spatial/
perceptual

Patient copies drawings of a cross or square; draws a clock face.
Patient is asked to point out right and left side of self.
Patient demonstrates actions such as putting on a coat or 

blowing out a match.

Dysfunction may be associated with 
parietal lobe lesions.

B O X  2 1 - 1 Neurological Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format):

• Dizziness, syncope, or seizures
• Headaches
• Vision or auditory changes, including sensitivity to 

light and tinnitus
• Diffi culty swallowing or hoarseness
• Slurred speech or word fi nding diffi culty
• Confusion, memory loss, or diffi culty concentrating
• Gait disturbances
• Motor symptoms, including weakness, paresthesia, 

paralysis, decreased range of motion, and tremors

Past Health History

• Relevant childhood illnesses and immunizations: 
febrile seizures, birth injuries, physical abuse or 
trauma, meningitis

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: tumors, trau-
matic head injuries, hypertension, thrombophlebitis 
or deep venous thrombosis (DVT), coagulopathies, 
sinusitis, meningitis, encephalitis, diabetes, cancer, 
psychiatric disorders

• Risk factors: diabetes, smoking, hypercholesterol-
emia, hypertension, drug use, alcohol use, cardiovas-
cular disease

• Past surgeries: peripheral vascular surgeries; carotid 
endarterectomy; aneurysm clipping; evacuation of 
hematoma; head, eyes, ears, nose, or throat (HEENT) 
procedures

• Past diagnostic tests and interventions: electroenceph-
alography, brain scan, carotid Doppler, head and neck 
computed tomography (CT), magnetic resonance imag-
ing (MRI), thrombolytic therapy, cardiac catheterization

• Medications, including prescription drugs, over-
the-counter drugs, vitamins, herbs, and supple-
ments: anticonvulsants, anticoagulants, psychotropic 
agents, oral contraceptives, β-adrenergic blockers, 
calcium channel blockers, antihyperlipidemics, hor-
mone replacement therapy

• Allergies and reactions to medications, foods, con-
trast, latex, or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and sib-
lings: coronary artery disease (CAD), peripheral vas-
cular disease, cancer, hypertension, diabetes, stroke, 
hyperlipidemia, coagulopathies, seizures, psychiatric 
disturbances

Personal and Social History

• Tobacco, alcohol, and substance use
• Environment: exposure to chemicals and toxins; phys-

ical, verbal, or emotional abuse

Review of Other Systems

• HEENT: visual changes, tinnitus, headache
• Cardiovascular: hypertension, syncope, palpitations, 

intermittent claudication
• Respiratory: shortness of breath, infections, cough, 

dyspnea
• Gastrointestinal: weight loss, change in bowel habits, 

nausea or vomiting, diarrhea
• Genitourinary: change in bladder habits, painful 

urination, sexual dysfunction
• Musculoskeletal: sensitivity to temperature changes, 

varicosities, loss of hair on extremities, change in 
sensation
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best verbal response are used to assess arousal and 
level of consciousness. The intubated patient is usu-
ally noted to have a verbal score of 1T, in recognition 
of the patient’s inability to speak secondary to the 
presence of the endotracheal tube.

of verbal and nonverbal symbols and the ability 
to use those symbols to communicate with oth-
ers. Evaluation of the patient’s understanding nor-
mally is accomplished through the spoken word. 
Table 21-2 summarizes patterns of speech defi cits.

The Glasgow Coma Scale (GCS) is a reliable 
tool for assessing arousal and level of conscious-
ness (Box 21-3). This scoring system was designed 
as a guide for rapid evaluation of the acutely ill or 
severely injured patient whose status may change 
quickly. The GCS allows the examiner to record 
objectively the patient’s response to the environ-
ment in three major areas (eye opening, verbaliza-
tion, and movement), with the best response scored 
in each category. The best eye-opening response and 

TA B L E  2 1 - 2 Patterns of Speech Defi cits

Type Defi cit Locations Speech Patterns

Receptive (fl uent) 
dysphasia

Left parietal–temporal 
lobes (Wernicke’s area)

• Impaired understanding of spoken word despite normal hearing
• Fluent speech that lacks coherent content
• May have normal-sounding speech rhythm but no intelligible 

words
• May use invented, meaningless words (neologism), word 

substitution (paraphasia), or repetition of words (perseveration, 
echolalia)

Expressive 
(nonfl uent) 
dysphasia

Left frontal area (Broca’s 
area)

• Inability to initiate sounds 
• Usually associated with impaired writing skills
• Comprehension usually intact
• Slow speech with poor articulation

Global dysphasia Diffuse involvement of 
frontal, parietal, and 
occipital areas

• Inability to understand spoken or written words
• Nonfl uent speech

Dysarthria Corticobulbar tracts; 
cerebellum

• Loss of articulation, phonation
• Loss of control of muscles of lips, tongue, palate
• Slurred, jerky, or irregular speech but with appropriate content

B O X  2 1 - 2   Clinical Terminology for Grading 
Responsiveness

Awake and alert (full consciousness): normal; may 
be somewhat confused on fi rst awakening but is fully 
oriented when aroused

Lethargic: drowsy but follows simple commands 
when stimulated

Obtunded: arousable with stimulation; responds ver-
bally with a word or two; follows simple commands; 
otherwise drowsy

Stuporous: very hard to arouse; inconsistently may 
follow simple commands or speak single words or 
short phrases; limited spontaneous movement

Semicomatose: movements are purposeful when stim-
ulated; does not follow commands or speak coherently

Comatose: may respond with refl exive posturing when 
stimulated or may have no response to any stimulus

B O X  2 1 - 3   The Glasgow Coma Scale

Response Scorea

Best eye- 
opening 
response

Spontaneously 4

In response to speech 3

In response to pain 2

No response 1

Best verbal 
response

Oriented 5

Confused conversation 4

Inappropriate words 3

Garbled sounds 2

No response 1

Best motor 
response

Obeys commands 6

Localizes stimuli 5

Withdrawal from stimulus 4

Abnormal fl exion 
(decorticate)

3

Abnormal extension 
(decerebrate)

2

No response 1

aA total score of 3 to 8 suggests severe impairment, 9 to 12 suggests 
moderate impairment, and 13 to 15 suggests mild impairment. A 
low GCS score may be a predictor of poor functional recovery.
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Motor Strength and Coordination
Muscle weakness is a cardinal sign of dysfunction 
in many neurological disorders. A drift test is used 
to detect weakness. The upper extremities are tested 
by having the patient hold the arms straight out with 
palms upward and eyes closed, while observing for 
any downward drift or pronation of the forearms (pro-
nator drift). The lower extremities are tested by having 
the patient lie in bed and raise the legs, one at a time, 
while observing for a drift of the legs back to the bed.

Extremity strength is tested by evaluating the 
patient’s ability to overcome resistance that is applied 
to various muscle groups (Box 21-4). Motor function 
for each extremity is reported as a fraction, with 5 as 
the denominator and maximal strength (Box 21-5). 
In patients who do not follow commands or are 
comatose, it is important to note what, if any, stimuli 
initiate a response and to describe or grade the type 
of response obtained to determine motor strength.

The Older Patient. Factors that can affect motor 
function in older patients include decreased strength, 
alterations in gait, changes in posture, and increased 
tremors.

Motor Function
Evaluation of motor function entails evaluating the 
motor response to stimuli, as well as motor strength 
and coordination.

Motor Response to Stimuli
To elicit the patient’s best, or maximal response, 
stimuli must be applied in a systematic and escalat-
ing fashion:

1. Calling the patient’s name (in the same manner 
used to wake a person who is sleeping).

2. Shouting the patient’s name (as when waking a 
“sound sleeper”).

3. Shaking the patient.
4. Applying a painful stimulus (Fig. 21-1). The pain-

ful stimulus should be applied for 15 to 30 sec-
onds before the patient is considered not to have 
a motor response. Figure 21-2 depicts possible 
motor responses to pain.

This staged approach affords the patient the oppor-
tunity to demonstrate increasing wakefulness or the 
best response.

A. Trapezius squeeze B. Supraorbital pressure

C. Sternal rub D. Nailbed pressure

F I G U R E  2 1 - 1  Methods of applying a painful stimulus. The trapezius squeeze (A), application of supraorbital 
pressure (B), and sternal rub (C) are used fi rst; if these actions do not elicit a motor response, application of 
pressure to the nail bed (D) may be used.
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NORMAL

ABNORMAL

Localizing pain. An appropriate response is to reach
up above shoulder level toward the stimulus. A focal 
motor deficit (eg, hemiplegia) may prevent a bilateral
response.

Withdrawal. An appropriate response is to pull the
extremity or body away from the stimulus. 

Decorticate posturing. One or both arms in full
flexion on the chest. Legs may be stiffly extended.

Decerebrate posturing. One or both arms stiffly
extended. Possible extension of the legs.

Flaccid. No motor response in any extremity.

F I G U R E  2 1 - 2  Motor responses to pain.

B O X  2 1 - 4   Assessment of Upper and Lower Extremity Muscle Strength

To evaluate muscle strength, the muscle groups of the 
upper and lower extremity are assessed individually, 
initially without resistance, and then against resistance.

Upper Extremity
Upper extremity muscle strength is evaluated by ask-
ing the patient to perform the following sequence of 
movements:
• Shrug the shoulders (trapezius and levator scapulae 

muscles)
• Raise the arms (deltoid muscle)
• Flex the elbow (biceps muscle)
• Extend the elbow (triceps muscle)

• Extend the wrist (extensor carpi radialis longus 
muscle)

Lower Extremity
Lower extremity muscle strength is evaluated by ask-
ing the patient to perform the following sequence of 
movements:
• Raise the leg (iliopsoas muscle)
• Extend the knee (quadriceps muscle)
• Dorsifl ex and plantar fl ex the foot (anterior tibialis 

and gastrocnemius muscles, respectively)
• Flex the knee (hamstring muscle)

Each extremity may also be assessed for size, 
muscle tone, and smoothness of passive movement. 
Assessment fi ndings may include the “clasp-knife” 
phenomenon, in which initially strong resistance to 
passive movement suddenly decreases. “Lead-pipe” 
rigidity (ie, steady, continuous resistance to passive 

movement) is characteristic of diffuse hemispheric 
damage. “Cogwheel” rigidity (ie, a series of small, 
regular, jerky movements felt on passive movement) 
is characteristic of Parkinson’s disease.

Hemiparesis (weakness) and hemiplegia (paral-
ysis) are unilateral symptoms resulting from a 
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contralateral brain lesion. Paraplegia (bilateral 
paralysis) results from a spinal cord lesion or from 
peripheral nerve dysfunction. Quadriplegia is 
associated with cervical spinal cord lesions, brain-
stem dysfunction (“locked in syndrome”), and 
large bilateral lesions in the cerebrum.

The cerebellum is responsible for smooth syn-
chronization, balance, and ordering of movements. 
Some of the more common tests for cerebellar syn-
chronization of movement with balance include the 
following:

• Romberg test. The patient stands with feet together 
and hands at their side, fi rst with the eyes opened, 
then with the eyes closed. Swaying when the eyes 
are closed indicates impaired balance. (To prevent 
the patient from falling, the nurse stands close by.)

• Finger-to-nose test. The patient touches one fi n-
ger to the nurse’s fi nger and then touches his or 
her own nose. Overshooting or past-pointing the 
mark is called dysmetria. The nurse tests both 
sides individually.

• Rapidly alternating movement (RAM) test. 
The patient opposes each fi nger and thumb in 
rapid succession or performs rapid pronation 
and supination of the hand on the leg. Inability 
to perform RAMs is termed adiadochokinesia; 
performing RAMs poorly or clumsily is termed 
dysdiadochokinesia.

• Heel-to-shin test. The patient extends the heel 
of one foot down the anterior aspect of the shin, 
moving from the knee to the ankle.

Pupillary Changes
Pupils are examined for size (Fig. 21-3), shape, and 
equality bilaterally. The equality of pupils is assessed 
before shining a bright light in the eye. The nurse 
then directs the light into one eye, and notes the 
briskness of pupillary constriction (direct response). 
The other pupil also should constrict at the same 
time (consensual response). The nurse then repeats 
the procedure with the other eye. Anisocoria 
(unequal pupils) is normal in a small percentage of 

the population but indicates neural dysfunction if it 
is a change from normal.

Pupil reactivity is also assessed with respect to 
accommodation. To test accommodation, the nurse 
holds a fi nger 8 to 12 in in front of the patient’s face. 
The patient focuses on the fi nger as the nurse moves 
it toward the patient’s nose. The pupils should con-
strict as the object gets closer.

The normal response to testing is documented 
as PERRLA, or pupils equal, round, reactive to 
light and accommodation. Abnormal responses are 
shown in Fig. 21-4. Common causes of abnormal 
pupillary changes are listed in Box 21-6.

The Older Patient. In older patients, vision may be 
decreased, pupils may be less reactive, and gaze 
may be impaired.

Vital Signs
Changes in temperature, heart rate, and blood pres-
sure are considered late fi ndings in neurological 
deterioration. Changes in respiratory rate, on the 
other hand, can indicate progression of neurological 
impairment and are frequently seen early in neuro-
logical deterioration.

• Respirations. Abnormal respiratory patterns 
(Fig. 21-5, p. 296) may be correlated with areas 
of injury in the brain and frequently are a direct 
indication of increasing intracranial pressure 
(ICP). Airway management and mechanical ven-
tilation are often required.

• Temperature. Diffuse cerebral damage can result in 
alterations in temperature, which is normally regu-
lated in the hypothalamus. Central nervous system 
(neurogenic) fevers may be very high and differenti-
ate themselves from other causes of fever by the sud-
den elevation their resistance to antipyretic therapy.

• Heart rate and rhythm. Brain injury may lead 
to episodes of tachycardia and can predispose 
the patient to ventricular or atrial dysrhythmias. 
Bradycardia, a late sign indicative of impending 
herniation, may be seen with increasing ICP.

B O X  2 1 - 5   Motor Function Scale

Score Interpretation

0/5 No muscle contraction

1/5 Flicker or trace of contraction

2/5 Moves but cannot overcome gravity

3/5 Moves against gravity but cannot overcome 
resistance applied by examiner

4/5 Moves with some weakness against resis-
tance applied by examiner

5/5 Normal power and strength

1 mm 2 mm 3 mm 4 mm 5 mm

6 mm 7 mm 8 mm 9 mm 10 mm

F I G U R E  2 1 - 3  Pupil size chart.
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Cranial Nerve Function
Cranial nerve assessment varies depending on whether 
the patient is conscious or unconscious. Assessment 
of the cranial nerves in the unconscious patient is 
important because it provides data regarding brain-
stem function. All cranial nerves are ipsilateral, except 
the trochlear nerve (CN IV), which is contralateral.

• CN I (olfactory nerve). To test CN I, the nurse 
occludes one of the patient’s nostrils and places an 
aromatic substance (eg, soap, coffee, cinnamon) 
near the other nostril. The patient is asked to iden-
tify the substance with the eyes closed. The test is 
then repeated with the other nostril. Ammonia is 
not used because the patient will respond to irrita-
tion of the nasal mucosa rather than to the odor. 
This test is usually deferred unless the patient 
reports an inability to smell.

• CN II (optic nerve). Assessment of CN II involves 
evaluation of visual acuity and visual fi elds. Gross 
visual acuity is checked by having the patient 
read ordinary newsprint (the nurse takes note of 
the patient’s preinjury need for glasses). Visual 
fi elds are tested by having the patient look straight 

Diffuse effects of drugs,
metabolic encephalopathy

small, reactive

large, “fixed”, hippus
Pretectal

dilated, fixed
III Nerve (Uncal)

midposition, fixed
Midbrain

Pinpoint
Pons

small, reactive
Diencephalic

F I G U R E  2 1 - 4  Abnormal pupils. (Adapted from Saper C: Brain stem modulation of sensation, movement, and 
consciousness. In Kandel ER, Schwartz JH, Jessel TM (eds): Principles of Neural Science, 4th ed. New York: 
McGraw-Hill, 2000, pp 871–909, with permission.)

B O X  2 1 - 6   Common Causes of Pupil 
Abnormalities

Sluggish or absent response to light
• Increased intracranial pressure (ICP)
• Glaucoma

Pinpoint pupils
• Opiates
• Medications for glaucoma
• Damage in the pons area (brainstem)

Dilated pupils
• Herniation syndromes
• Seizures
• Cocaine, crack, phencyclidine (PCP)
• Fear, panic attack, extreme anxiety

• Blood pressure. Damage to the medulla or 
encroaching edema secondary to injury in other 
areas results in alterations in blood pressure. 
Sustained elevation of systolic blood pressure with 
a widened pulse pressure is a late sign of increas-
ing ICP and impending herniation.
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ahead with one eye covered. The nurse moves 
a fi nger from the periphery of each quadrant of 
vision toward the patient’s center of vision as well 
as from the center to the peripheral. The patient 
should indicate when he or she sees the examiner’s 
fi nger. The test is performed for both eyes, and the 
results are compared with the examiner’s visual 
fi elds, which are assumed to be normal. An optic 
nerve lesion or optic tract lesion can produce par-
tial or complete blindness (Table 21-3).

• CN III (oculomotor nerve), IV (trochlear nerve), 
and VI (abducens nerve). These cranial nerves 
are checked together because they innervate extra-
ocular muscles involved in eye movement. CN 
III innervates the muscles that move the eyes up, 
down, and medially, as well as the muscles that ele-
vate the eyelid. CN IV innervates the muscles that 
move the eyes down and in, and CN VI innervates 

the muscles that move the eyes laterally. In a con-
scious patient, these nerves are tested by having the 
patient follow the nurse’s fi nger as the nurse moves 
it in all directions of gaze (Fig. 21-6). Diplopia, nys-
tagmus, and disconjugate deviation may indicate 
dysfunction of CN III, IV, or VI. In a patient who 
is unable to follow commands, observation of ocu-
lar position can provide information about the site 
of brain dysfunction. If both eyes are conjugately 
deviated to one side, dysfunction may exist either 
in the frontal lobe on that side or in the contra-
lateral pontine area of the brainstem. Downward 
deviation suggests a dysfunction in the midbrain.

• CN V (trigeminal nerve). CN V has three divisions: 
ophthalmic, maxillary, and mandibular. The sensory 
portion of CN V controls sensation to the cornea and 
face. The motor portion controls the muscles of mas-
tication. CN V may be partially tested by checking the 

Type Respiratory Pattern Neuroanatomical Lesion

Cheyne-Stokes
respiration

Central neurogenic
hyperventilation

Apneustic breathing

Ataxic breathing

One minute

Usually bilateral in
cerebral hemispheres
Cerebellar sometimes
midbrain
Upper pons

Lower midbrain
Upper pons

Mid pons
Low pons

Low pons
High medulla

Medulla

Cluster breathing

F I G U R E  2 1 - 5  Injury to the brainstem can result in various abnormal respiratory patterns.

TA B L E  2 1 - 3 Patterns of Visual Field Defects

Visual Field Defect Left Right Description

Anopsia Blindness in one eye (resulting from complete lesion of the optic nerve 
before the optic chiasm)

Bitemporal hemianopsia 
(central vision)

Blindness in both lateral visual fi elds (resulting from lesions around the 
optic chiasm, such as pituitary tumors or aneurysms of the anterior 
communicating artery)

Homonymous hemianopsia Half-blindness involving both eyes with loss of visual fi eld on the same 
side of each eye (resulting from lesion of temporal or occipital lobe 
with damage to the optic tract or optic radiations). Blindness occurs 
on the side opposite the lesion. Here, the lesion occurred in the right 
side of the brain, resulting in loss of vision in the left visual fi eld of 
both eyes.

Quadrant defi cit Blindness in the upper or lower quadrant of vision in both eyes (resulting 
from a lesion in the parietal or temporal lobe)
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corneal refl ex; if it is intact, the patient blinks when 
the cornea is stroked with a wisp of cotton or when a 
drop of normal saline is placed in the eye. Care must 
be taken not to stroke the eyelashes, because this can 
cause the eye to blink regardless of the presence of a 
corneal refl ex. Facial sensation is tested by compar-
ing light touch and pinprick on symmetrical sides of 
the face. The nurse also observes the patient’s ability 
to chew or clench the jaw.

• CN VII (facial nerve). The motor portion of CN 
VII controls muscles of facial expression. Testing 
is performed by asking the patient to raise the eye-
brows, smile, or grimace. With a central lesion, 
there is muscle paralysis of the lower half of the 
face on the same side of the lesion, but the mus-
cles around the eyes and forehead are unaffected 
(Fig. 21-7A). With a peripheral lesion (eg, Bell’s 
palsy), there is complete paralysis of the facial 
muscles (including the forehead) on the same 
side as the lesion (see Fig. 21-7B). In a comatose 

CN III–up and leftCN III–up and right

CN VI–extreme
right 

CN III–down

CN III–extreme left

CN IV–down and
left

1

2

3

4

6

5

F I G U R E  2 1 - 6  The six cardinal directions of gaze. The nurse leads the patient’s gaze in the sequence num-
bered 1 through 6. CN III, oculomotor nerve; CN IV, trochlear nerve; CN VI, abducens nerve

A B C

Forehead
wrinkled;
eyebrow

raised

Paralysis of
lower face

Forehead
not wrinkled;

eyebrow
 not raised

Paralysis of
lower face

Flat
nasolabial

fold

F I G U R E  2 1 - 7  Evaluating motor function of CN VII (the facial nerve). A: In a patient with a central lesion, there 
is paralysis of the lower face on the side opposite the lesion. The muscles of the upper face are not affected. 
B: In a patient with a peripheral lesion, there is paralysis of the upper and lower face on the same side as 
the lesion. C: Flattening of the nasolabial fold may also be an indication of CN VII dysfunction

patient, motor function of the facial muscles and 
jaw can be ascertained by observing spontaneous 
muscle activity such as yawning, grimacing, or 
chewing. Symmetry of movement may be assessed 
by noting facial drooping or fl attening of the naso-
labial folds (see Fig. 21-7C).

• CN VIII (acoustic nerve). CN VIII is divided into 
the vestibular and cochlear branches, which con-
trol equilibrium and hearing, respectively. The 
vestibular branch of the nerve may not be evalu-
ated routinely. However, the nurse remains alert 
to reports of dizziness or vertigo from the patient. 
The cochlear branch of the nerve is tested by air 
and bone conduction. A vibrating tuning fork is 
placed on the mastoid process; after the patient 
can no longer hear the fork, he or she should be 
able to hear it for a few seconds longer when it 
is placed in front of the ear (Rinne test). The 
patient may report ringing in the ears (tinnitus) or 
decreased hearing if this nerve is damaged.
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The Older Patient. In an older patient with 
undetected hearing impairment, changes in Rinne 
test fi ndings may be noted. These fi ndings can lead 
to the erroneous assumption that the person has 
more neurological defi cits than actually exist.

• CN IX (glossopharyngeal nerve) and X (vagus 
nerve). CN IX supplies sensory fi bers to the poste-
rior third of the tongue as well as the uvula and soft 
palate. CN X innervates the larynx, pharynx, and 
soft palate and conveys autonomic responses to the 
heart, stomach, lungs, and small intestine. These 
cranial nerves can be tested by eliciting a gag refl ex, 
observing the uvula for symmetrical movement 
when the patient says “ah,” or observing midline 
elevation of the uvula when both sides are stroked. 
Inability to cough forcefully, diffi culty with swallow-
ing, and hoarseness may be signs of dysfunction.

• CN XI (spinal accessory nerve). CN XI controls 
the trapezius and sternocleidomastoid muscles. 
CN XI function can be tested by having the patient 
shrug the shoulders or turn the head from side to 
side against resistance.

• CN XII (hypoglossal nerve). CN XII controls 
tongue movement. This nerve can be checked by 
having the patient protrude the tongue. The exam-
iner checks for deviation from midline, tremor, and 
atrophy. If deviation is noted secondary to nerve 
damage, it will be to the side of the cerebral lesion.

Performing a complete test of cranial nerve function 
can be time-consuming and may not be required 
for every patient. A partial screening assessment 
(Table 21-4) may be performed, focusing on nerves 
in which dysfunction may indicate serious problems 
or interfere with activities of daily living (ADLs).

Refl exes
A refl ex occurs when a sensory stimulus evokes a 
motor response. Cerebral control and consciousness 
are not required for a refl ex to occur. Superfi cial 
(cutaneous) and deep tendon (muscle stretch) 
refl exes are tested on symmetrical sides of the body 
and compared by noting the strength of contraction 
elicited on each side.

Superfi cial refl exes occur when certain areas of 
skin are lightly stroked or tapped, causing contrac-
tion of the muscle groups beneath. An example is 
the plantar refl ex. A sensory stimulus is applied 
by briskly stroking the outer edge of the sole and 
across the ball of the foot with a dull object, such as 
a tongue blade or key. The normal motor response is 
downward (plantar) fl exion of the toes. Upward fl ex-
ion (dorsifl exion) of the big toe, with or without fan-
ning of the other toes, is called Babinski’s sign and is 
an abnormal response that may indicate a lesion in 
the corticospinal tract.

Deep tendon refl exes are elicited by briskly tap-
ping a tendon insertion site with a refl ex hammer. 
Hyperrefl exia (increased refl ex) is associated with 
upper motor neuron dysfunction (central ner-
vous system injuries), whereas arefl exia (absence 
of refl exes) is associated with lower motor neuron 
dysfunction (peripheral nerve injuries). Deep ten-
don refl exes are tested on the biceps, brachioradial, 
triceps, patellar, and Achilles tendons and are com-
monly graded on a scale of 0 to 4:

4+: A very brisk response; indicates evidence of 
disease, electrolyte imbalance, or both; associated 
with clonic contractions

3+: A brisk response; possibly indicative of disease
2+: A normal response
1+: A response in the low-normal range
0: No response; possibly indicates disease or elec-

trolyte imbalance

Sensation
The fi nal component of the neurological examina-
tion involves a sensory assessment. With the patient’s 
eyes closed, multiple and symmetrical areas of the 
body are tested, including the trunk and extremi-
ties. The nurse notes the patient’s ability to perceive 
the sensation (sharp vs dull), comparing distal areas 
with proximal areas and comparing right and left 
sides at corresponding points. Assessment of sensa-
tion includes the following:

• Light Touch is assessed using a cotton wisp or 
cotton swab.

• Pain is assessed using a pin.

TA B L E  2 1 - 4 Quick Screening Test for Cranial Nerve Function

Nerve Refl ex Procedure

II
III

Optic
Oculomotor

Pupil constriction 
(protection of the 
retina)

Shine a light into each eye and note whether the pupil on that side 
constricts (direct response).

Next, shine a light into each eye and note whether the opposite pupil 
constricts (consensual response).

V
VII

Trigeminal
Facial

Corneal refl ex 
(protection of the 
cornea)

Approaching the eye from the side and avoiding the eyelashes, touch 
the cornea with a wisp of cotton. Alternatively, use a drop of sterile 
water or normal saline. The patient should blink.

IX
X

Glossopharyngeal
Vagus

Airway protection Touch the back of the throat with a tongue depressor. The patient 
should gag or cough.

Perform a swallow evaluation.
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TA B L E  2 1 - 5 Neurodiagnostic Tests

Test and Purpose Method of Testing Nursing Implications

Radiography

Identify linear skull fractures; vertebral 
fractures; alignment of spine 
(assess for subluxation)

X-ray beams are passed through 
the patient’s body to produce 
images of bony structures.

Plain fi lms of the skull and spine require 
careful patient positioning; the nurse 
must be alert for complications related 
to patient position and the length of 
the procedure.

In patients with spinal cord injury, care 
must be taken to ensure stabilization of 
the neck (eg, applying a hard cervical 
collar, logrolling).

Computed tomography (CT)

Used in the initial workup of seizures, 
headache, and altered level of 
consciousness; for the diagnosis 
of suspected hemorrhage, tumors, 
and other lesions; and to detect 
shift of structures due to tumors, 
hematomas, or hydrocephalus; 
serial CTs allow the healthcare team 
to follow neurological progression 
and facilitate rapid intervention

A scanner takes a series of 
radiographic images all 
around the same axial plane. 
A computer then creates a 
composite picture of various 
tissue densities visualized. The 
images may be enhanced with 
the use of IV contrast media. The 
denser the material (eg, bones of 
the skull), the whiter it appears.

The patient must remain as immobile as 
possible; sedation may be required.

The scan may not be of the best quality 
if the patient moves during the test, 
or if the x-ray beams were defl ected 
by a metal object (eg, traction tongs, 
intracranial pressure [(ICP] monitoring 
devices).

If contrast is being used, ascertain 
preexisting allergies.

Magnetic resonance imaging (MRI)

Creates a graphic image of bone, 
fl uid, and soft tissue structures; 
identifi es tumors

A selected area of the patient’s 
body is placed inside a powerful 
magnetic fi eld. The hydrogen 
atoms inside the patient are 
temporarily “excited” and caused 
to oscillate by a sequence of 
radiofrequency pulsations. The 
sensitive scanner measures 
these minute oscillations, and 
a computer-enhanced image is 
created.

This test is contraindicated in patients 
with previous surgeries where 
hemostatic or aneurysm clips made 
of ferrous metal were implanted. 
The powerful magnetic fi eld can 
cause metal objects to move out of 
position, placing the patient at risk 
for bleeding or hemorrhage. Other 
contraindications include cardiac 
pacemakers, prosthetic valves, bullet 
fragments, and orthopedic pins made 
of ferrous metal.

Inform the patient that the procedure is 
very noisy.

Use caution if the patient is 
claustrophobic.

(continued on page 300)

• Temperature is assessed using glass tubes of hot 
and cold water or an alcohol swab.

• Proprioception (limb position) is tested by mov-
ing the patient’s fi nger (eg, up or down) and ask-
ing the patient to identify the direction of the 
movement.

• Vibration is assessed by placing a tuning fork over 
a bony prominence.

Two-point discrimination (ie, the patient’s ability to 
distinguish between two closely located points) and 
extinction (ie, the patient’s ability to recognize simul-
taneous touch on bilateral extremities) is also tested.

The Older Patient. In older patients, changes in 
sensory function may include decreased refl exes, 
decreased vibratory and position sense, and 
decreased two-point discrimination.

In a comatose patient, it is impossible to perform 
a complete test for sensation, because the patient’s 

cooperation is required. However, use of painful 
stimuli to elicit a response gives a gross indica-
tion of whether some degree of sensory function 
remains intact.

Neurodiagnostic Studies
Many diagnostic tests are available to help 
 diagnose neurological and neurosurgical prob-
lems (Table 21-5). Nursing responsibilities include 
preparing the patient and family for the diag-
nostic procedure, and monitoring the patient for 
complications during and after the procedure. 
Many neurodiagnostic tests require the patient 
be transported to the imaging department or to 
another facility. When this is the case, the nurse 
may be required to remain with the patient during 
the procedure to monitor neurological status and 
vital signs.
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TA B L E  2 1 - 5 Neurodiagnostic Tests (continued)

Test and Purpose Method of Testing Nursing Implications

Diffusion-weighted imaging (DWI), 
perfusion-weighted imaging (PWI)

DWI shows diffusion of water through 
brain and PWI uses contrast media 
to show blood fl ow through vessels; 
both allow early recognition of 
ischemic areas (within 30 min); 
used to differentiate reversible 
tissue injury from irreversible tissue 
injury

Radiofrequency energy, magnetic 
fi elds, and computer software 
are used to create detailed, 
cross-sectional images of the 
brain

Same as for MRI

Positron emission tomography (PET); 
single-photon emission computed 
tomography (SPECT)

Used to measure cerebral metabolism 
and cerebral blood fl ow regionally

The patient either inhales 
or receives by injection a 
radioactively tagged substance 
(eg, oxygen, glucose). A 
gamma scanner measures the 
radioactive uptake of these 
substances, and a computer 
produces a composite 
image indicating where the 
radioactive material is located, 
corresponding to areas of 
cellular metabolism.

The patient receives only minimal 
radiation exposure because the half-
life of the radionuclides used is from a 
few minutes to 2 h.

Testing may take a few hours.
The patient must remain immobile 

throughout the test.
The procedure is very expensive.

Cerebral angiography

Used to visualize the structure of 
the cerebral circulation, enabling 
assessment of vessel patency, 
narrowing, occlusion, structural 
abnormalities; displacement; and 
alterations in blood fl ow

Radiopaque contrast is injected 
by a catheter into the patient’s 
cerebral arterial circulation. The 
contrast medium is directed into 
each common carotid artery and 
each vertebral artery, and serial 
radiographs are then taken.

Test may be performed with 
computed tomography 
angiography (CTA) or magnetic 
resonance angiography (MRA); 
this method is less invasive 
because it does not require 
arterial cannulation

Preparation includes informing the 
patient about the location of the 
catheter insertion (usually the femoral 
artery), notifying the patient that a 
local anesthetic will be used, and 
explaining that the patient can expect 
to feel a warm, fl ushed feeling when 
the contrast medium is injected.

Post procedure care includes assessing 
the puncture site for swelling, 
redness, and bleeding; checking 
the skin color, temperature, and 
peripheral pulses of the extremity 
distal to the puncture site for signs of 
arterial insuffi ciency; and monitoring 
for major complications (ie, stroke, 
vasospasm, renal failure secondary to 
contrast load), bleeding, or hematoma 
at insertion site.

Digital subtraction angiography

Used to examine extracranial 
circulation (arterial, capillary, and 
venous) and determine vessel size, 
patency, narrowing, and degree of 
stenosis or displacement

A plain radiograph is taken of 
the patient’s cranium, and 
then radiopaque contrast is 
injected into a large vein and 
serial radiographs are taken. A 
computer converts the images 
into digital form and “subtracts” 
the plain radiograph from the 
ones with the contrast. The result 
is an enhanced radiographic 
image of contrast medium in the 
arterial vessels.

There is less risk to the patient for 
bleeding or vascular insuffi ciency 
because the injection of contrast is 
intravenous rather than intra-arterial.

The patient must remain absolutely 
motionless during the examination 
(even swallowing will interfere with the 
results).

Radioisotope brain scan (cerebral blood 
fl ow studies)

Used to diagnose intracranial lesions, 
cerebral infarction or contusion, 
and brain death

A radioactive isotope is injected 
intravenously, and a scanning 
device produces fi lms of areas of 
concentration of the isotope.

Minimal patient preparation is required.
The isotope may not be readily available 

within the facility.
Any movement by the patient will make 

the test diffi cult to interpret.
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Test and Purpose Method of Testing Nursing Implications

Myelography

Used to examine the spinal 
subarachnoid space for partial or 
complete obstructions resulting 
from bone displacements, spinal 
cord compression, or herniated 
intervertebral disks

A contrast substance (either air or 
dye) is injected into the lumbar 
subarachnoid space and then 
fl uoroscopy, conventional 
radiographs, or CT scans are 
used to visualize selected areas.

Patient preparation is similar to that for a 
lumbar puncture; the patient should also 
be advised that a special table that tilts up 
and down is used during the procedure.

Postprocedure care
Oil-based contrast dye:

• Flat in bed for 24 h
• Force fl uids
• Observe for headache, fever, back 

spasms, nausea, and vomiting
Water-based contrast dye:

• Head of bed elevated for 8 h
• Keep the patient quiet for fi rst few hours
• Do not administer phenothiazines
• Observe for headache, fever, back 

spasms, nausea, vomiting, and seizures
Electroencephalography

Used to detect and localize abnormal 
electrical activity occurring in the 
cerebral cortex; has diagnostic 
applications (eg, seizures, 
sleep disorders); also used as a 
confi rmatory test for brain death 
and for monitoring induced coma

Electrical impulses generated by 
the brain cortex are sensed by 
electrodes on the surface of the 
scalp and recorded.

Reassure the patient that an electrical 
shock or pain will not be felt during 
the test.

Oil, dirt, creams, and sprays on the hair or 
scalp can cause electrical interference 
and an inaccurate recording.

Electrical devices (eg, cardiac monitor, 
ventilator) may also cause interference.

Cortical evoked potentials, 
somatosensory evoked potentials 
(SSEPs), brainstem auditory evoked 
response (BAER), visual evoked 
potentials (VEPs)

Provide a detailed assessment 
of neuron transmission along 
particular pathways

A specialized device senses central 
or cortical cerebral electrical 
activity via skin electrodes 
in response to peripheral 
stimulation of specifi c sensory 
receptors (eg, those for vision, 
hearing, or tactile sensation). A 
computer graphically displays 
the signals and also measures 
the characteristic peaks and 
intervals between them.

May be used in both conscious and 
unconscious patients and can be 
performed at the bedside.

The patient must be as motionless as 
possible during some phases of these 
tests to minimize musculoskeletal 
interference.

Depending on the sensory pathway being 
tested, the patient may be instructed 
to watch a series of geometric designs 
or listen to a series of clicking noises.

Transcranial Doppler sonography (TCD)

Used to approximate cerebral 
blood fl ow and monitor cerebral 
autoregulation

High-frequency ultrasonic waves 
are directed from a probe toward 
specifi c cerebral vessels. The 
ultrasonic energy is aimed through 
cranial “windows,” areas in the 
skull where the bony table is thin 
(temporal zygoma) or where there 
are small gaps in the bone (orbit or 
foramen magnum). The refl ected 
sound waves are analyzed for shifts 
in frequency, indicating fl ow velocity.

The test is noninvasive and may be 
performed at the bedside by the 
physician or ultrasound technician in 
30–60 min.

There are no known adverse effects, and 
the procedure may be repeated as 
often as necessary.

The testing is accomplished with the 
patient initially supine, and later on 
lying on the side with head fl exed 
forward.

Lumbar puncture

Used to obtain a cerebrospinal fl uid 
(CSF) sample for laboratory 
analysis and to measure CSF 
pressure

A hollow needle is positioned in the 
subarachnoid space at L3–L4 or 
L4–L5 level to sample CSF and 
measure pressure.

This test is contraindicated in patients 
with suspected increased ICP because 
a sudden reduction in pressure from 
below may cause brain structures to 
herniate, leading to death.

The patient is positioned on the side with 
knees and head fl exed. Some pressure 
may be felt as the needle is inserted. 
The patient should be instructed not to 
move suddenly or cough.

After this procedure, keep the patient 
fl at for 8–10 h to prevent headache. 
Encourage liberal fl uid intake.

Assess complications: headache, 
diffi culty voiding.

This test should be avoided if the patient 
is anticoagulated due to the risk of an 
epidural hematoma.
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Determination of Brain Death
Brain death is the irreversible loss of all brain 
function. Although the neurologic examination to 
determine brain death is performed by a physician, 
nurses play a primary role in assisting the physician 
and communicating with the family. To fulfi ll these 
responsibilities, nurses must understand the meth-
ods and criteria for determining brain death.

The brain death examination seeks to confi rm 
three cardinal fi ndings: coma or unresponsiveness, 
absence of brainstem refl exes, and apnea. Electrolyte 

B O X  2 1 - 7   Apnea, Oculocephalic Refl ex, and Oculovestibular Refl ex Tests

Apnea Test
To perform an apnea test:

1. Preoxygenate the patient.
2. Disconnect the patient from the ventilator and pro-

vide oxygen, 8 to 12 L/min by tracheal cannula.
3. Observe the patient for spontaneous respirations over 

the next 10 minutes. The patient is considered apneic 
if there is no respiratory movement and the PaCO2 is 
greater than 60 mm Hg.

RED FLAG! If the patient becomes unstable 
(hypotension, dysrhythmias, or both), immediately 
reconnect the patient to the ventilator and obtain 
an ABG.

4. After 10 minutes, obtain arterial blood gases (ABGs); 
the PaCO2 must be greater than 60 mm Hg for an 
accurate test.

5. Reconnect the patient to the ventilator.

Oculocephalic Refl ex Test (Doll’s Eyes 
Phenomenon)

A. Normal response

B. Abnormal response

C. Abnormal response

Neutral position

The patient’s head is quickly rotated from one side to 
the other while observing the patient’s eyes for move-
ment. In a normal response (A), the eyes turn together 
to the side opposite the head movement. In an abnor-
mal response (B), the eyes turn together to the same 
side as the head movement or (C) remain fi xed in the 
midline position.

RED FLAG! This test is never performed in a 
patient with a suspected or known spinal cord 
injury, or in a patient who is awake.

Oculovestibular Refl ex Test 
(Caloric Ice-Water Test)

A. Normal response B. Abnormal response

The patient’s head is elevated 30 degrees and each ear is 
irrigated separately with 30 to 50 mL of ice water. In a 
normal response (A), the eyes exhibit horizontal nystag-
mus with slow, conjugate movement toward the irri-
gated ear followed by rapid movement away from the 
stimulus. In an abnormal response (B), the eyes remain 
fi xed in midline position, indicating midbrain and pons 
dysfunction.

RED FLAG! This test is never performed in 
a patient who does not have an intact eardrum, a 
patient who has blood or fl uid collected behind the 
eardrum, or a patient who is awake.

abnormalities, hypothermia or hyperthermia, 
severe hypotension, or the presence of medications 
in amounts that could cause coma must be resolved 
before brain death testing can be performed. Tests 
specifi c for brain death include, but are not limited 
to, motor testing; evaluation of pupillary responses; 
evaluation of the corneal, cough, and gag refl exes; 
apnea testing; evaluation of the oculocephalic 
refl ex (“doll’s eyes” phenomenon); and evaluation 
of the oculovestibular refl ex (caloric ice-water test) 
(Box 21-7). When testing refl exes, if the refl ex is not 
present, the test is negative. If the refl ex is intact, 
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the test is positive and the patient does not meet the 
criteria for brain death.

Confi rmatory tests for brain death, such as 
cerebral angiography, transcranial Doppler (TCD) 
sonography, electroencephalography, brainstem 
auditory evoked response (BAER), and somato-
sensory evoked potential (SSEP), can be used if 
any doubt exists after a full clinical examination 
has been completed. The American Academy of 
Neurology (2010) recommends the clinical evalua-
tion for brain death only be required once and not 
be repeated.1 Time of death is recorded at the time 
that brain death is declared.

C A S E  S T U D Y

Ms. J., a 66-year-old woman, is admitted to 
the critical care unit after her son brought her to the 
emergency department because she was experi-
encing the sudden onset of dizziness, an unsteady 
gait, weakness in her left arm and leg, and a 
severe headache. She has a past medical history 
of hypertension, diabetes, hypercholesterolemia, 
and smoking. The initial neurological examination 
reveals a pleasant, anxious woman who answers 
questions appropriately and follows all commands. 
However, she exhibits questionable mild weakness 
of the left arm when performing hand grasps.

An hour later, the nurse observes that Ms. J. is 
somewhat somnolent and diffi cult to arouse. Her 
pupils are equal and reactive to light and accom-
modation. However, she is able to open her eyes 
only to repeated verbal stimuli. She does not follow 
commands and only moves her extremities to pain-
ful stimuli by pulling away from the stimuli. She is 
oriented only to self.

1. After the initial neurological examination, what 
additional neurological assessment might the 
nurse perform in order to better characterize the 
extremity weakness?

2. What is Ms. J.’s Glasgow Coma Scale score and 
what might this suggest?

3. What diagnostic tests might be ordered?

4. What nursing interventions are appropriate?

Want to know more? A wide variety of resources to enhance your 
learning and understanding of this chapter are available on . 
Visit http://thepoint.lww.com/MortonEss1e to access chapter 
review questions and more!
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O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Discuss intracranial dynamics affecting intracranial pressure, including the 
Monro–Kellie doctrine, compliance, autoregulation, and cerebral perfusion.

2 Discuss the clinical consequences of increased intracranial pressure.
3 Discuss indications for intracranial pressure monitoring.
4 Describe nursing interventions that ensure accuracy of intracranial pressure 

readings and waveforms.
5 Interpret data obtained through intracranial pressure monitoring.
6 Identify strategies to manage increased intracranial pressure.
7 Describe surgical interventions for treating intracranial disorders and the 

critical care nurse’s role in caring for a patient undergoing intracranial surgery.

Intracranial Pressure Monitoring 
and Control
Intracranial pressure (ICP) is the pressure within 
the cranial vault. A normal ICP measurement ranges 
between 0 and 15 mm Hg. An ICP measurement 
greater than 20 mm Hg is considered an elevated 
ICP, or intracranial hypertension.

Intracranial Dynamics
The contents of the cranium can be described as 
three volumes: the intracranial circulation (blood), 
the cerebrospinal fl uid (CSF), and the brain paren-
chyma. Because the bony cranium is rigid and non-
expendable, any increase in one of the volumes must 
be compensated by a decrease in another to maintain 
normal pressure (Monro–Kellie doctrine). As long as 
the total intracranial volume remains the same, ICP 
remains constant. Increases in volume that exceed 

the compensatory capabilities of the brain lead to an 
increase in ICP:

• Cerebral blood fl ow. Cerebral autoregulation is 
a protective mechanism that enables the brain to 
receive a consistent blood fl ow over a range of sys-
temic blood pressures. In cerebral autoregulation, 
vessel diameter changes in response to changes 
in arterial pressures (ie, vessels dilate to increase 
cerebral blood fl ow and constrict to decrease cere-
bral blood fl ow). Extremes of blood pressure and 
brain tissue damage can result in the inability of 
the cerebral vessels to autoregulate. In patients 
with impaired autoregulation, any activity that 
causes an increase in blood pressure (eg, cough-
ing, suctioning, restlessness) can increase cere-
bral blood fl ow and ICP. Other factors that induce 
cerebral vasodilation, thereby increasing cerebral 
blood volume and ICP, include hypoxia, hypercap-
nia, and acidosis. Hypercapnia is the most potent 
cerebral vasodilator.

22
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Central herniation (supratentorial) describes the 
downward displacement of the diencephalon and 
parts of the temporal lobes through the tentorium, 
causing compression of the brainstem. Or central 
herniation (infratentorial) describes a downward 
displacement of the brainstem into the spinal canal.

Clinical Manifestations of Increased 
Intracranial Pressure

RED FLAG! Early recognition of signs of 
increased ICP can help prevent progression to 
herniation. The most sensitive sign of an increased 
ICP is a change in level of consciousness.

Increased ICP is manifested by deterioration in 
all aspects of neurological functioning. Initially, the 
patient may be restless, confused, or combative. 
The level of consciousness decompensates, ranging 
from lethargy to obtundation to coma. Pupillary 
reactions become sluggish or fi xed. Motor function 
also declines, and the patient begins to show abnor-
mal motor activity (posturing) or absent motor 
activity. Changes in vital signs are considered a late 
fi nding. Variations in respiratory patterns occur, 
eventually resulting in complete apnea. Cushing’s 
triad (increased systolic pressure, bradycardia, 
and widened pulse pressure) is considered a sign 
of impending herniation. Clinical manifestations 
of increased ICP and herniation are compared in 
Table 22-1.

• CSF circulation. CSF is produced in the ven-
tricles and circulates between the ventricles and 
the subarachnoid space. Increased ICP can result 
from overproduction of CSF, obstruction of fl ow, 
or decreased reabsorption of CSF.

• Parenchyma. Changes in the brain parenchyma 
that may increase volume include an expansile 
mass (eg, tumor, intracerebral hemorrhage) and 
cerebral edema (Box 22-1). 

The ability of the intracranial contents to compen-
sate for changes in volume depends on the location 
of the lesion, the rate of expansion, and compliance. 
A more gradual increase of volume in the cranium 
is better tolerated then a rapid increase in volume. 
Compensatory mechanisms to maintain normal ICP 
include shunting of CSF into the spinal subarach-
noid space (by partial collapse of cisterns and ven-
tricles), increased CSF absorption, decreased CSF 
production, and shunting of and compression of the 
venous sinuses which shunt the venous blood out 
of the skull. During the compensatory period, ICP 
remains fairly constant. However, once these com-
pensatory mechanisms have been exhausted, pres-
sure increases rapidly (Fig. 22-1).

With increased ICP, shifting of brain tissue toward 
open spaces in the skull occurs and the blood supply 
to brain tissue is altered, leading to ischemia, anoxic 
injury, and possible herniation (ie, the displace-
ment of tissue through structures within the skull). 
Herniation is classifi ed according to the compart-
ment in which it is occurring. In the critical care set-
ting, the most common types of herniation are uncal 
and central (Fig. 21-2). Uncal herniation is hernia-
tion of the medial temporal lobe (uncus) through the 
tentorium, where it pushes against the brainstem. 

B O X  2 2 - 1   Cerebral Edema

Cerebral edema leading to increased intracranial pres-
sure (ICP) is a process common to multiple neurologi-
cal illnesses.

• Vasogenic edema. The most common type of cere-
bral edema is vasogenic edema, which is character-
ized by a disruption in the blood–brain barrier and 
the inability of the cell walls to control movement 
of water in and out of the cells. Capillary perme-
ability allows fl uid to leak into the extracellular 
space, resulting in interstitial edema. Common 
processes leading to vasogenic edema include brain 
tumors, cerebral abscess, stroke, and cerebral 
trauma.

• Cytotoxic edema. Cytotoxic edema is characterized 
by swelling of the individual neurons and brain cells. 
Eventually the cell membrane cannot maintain an 
effective barrier, and both water and sodium enter 
the cell, causing swelling, loss of function, and cel-
lular death. Cytotoxic edema occurs in association 
with anoxic and hypoxic injuries.
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F I G U R E  2 2 - 1  The intracranial volume–pressure curve demon-
strates the relationship between changes in intracranial volume 
and changes in intracranial pressure (ICP). A: The ICP remains 
within the normal range of 0 to 15 mm Hg as long as compliance is 
 normal and fl uid can be displaced by the additional volume. 
B: Once the compensatory system is exhausted, a small additional 
volume causes a greater increase in pressure.
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end. Fiberoptic systems are versatile; the fi berop-
tic catheter can be inserted into the ventricle, the 
subarachnoid space, or the brain parenchyma to 
monitor pressure. However, the fi beroptic catheter 
is fragile, and fi beroptic systems are associated with 
higher costs than fl uid-fi lled systems. Advantages 
and disadvantages of various types of ICP monitor-
ing systems are summarized in Table 22-2.

RED FLAG! To prevent infection when a 
patient is undergoing ICP monitoring, maintain 
aseptic technique when assembling, manipulating, 
or accessing fl uid-fi lled systems.

Ensuring Accuracy
Leveling
If a fi beroptic catheter is used, the transducer is 
located at the tip of the catheter and does not require 
any external leveling. If an external transducer is 
used, it must be leveled appropriately to maintain 
consistency among measurements. The most com-
mon external landmark for leveling the transducer 
is either the external auditory canal (EAC) or the 
outer canthus of the eye.

Intracranial Pressure Monitoring
ICP monitoring is an invasive technique that pro-
vides information about the pressure within the cra-
nial vault and the likelihood of cerebral herniation, 
facilitates calculation of cerebral perfusion pres-
sure (CPP), assists in guiding treatments to lower 
the ICP (eg, mannitol, barbiturates), and allows 
for the drainage of CSF to lower the ICP. For ICP 
monitoring to be safe and effective, the indications 
for monitoring, methods of monitoring, and risks 
versus benefi ts must be taken into account for each 
patient. Other factors that affect patient selection 
include fi ndings on clinical and radiographic evalu-
ation, the patient’s diagnosis and prognosis, and the 
availability of the appropriate level of critical care. 
Indications and contraindications for ICP monitor-
ing are summarized in Box 22-2.

Various devices are used to monitor ICP. Monitoring 
systems are named according to where the tip of the 
catheter is placed (Fig. 22-3). Monitoring can be 
performed with a fl uid-fi lled system connected to 
an external transducer or a fi beroptic system, which 
uses a catheter with a fi beroptic transducer at the 

Tentorium
cerebelli

A. Normal anatomy B. Patterns of herniation

Central
herniation

Uncal
herniation

F I G U R E  2 2 - 2  A: Normal anatomy. B: Patterns of brain herniation.

TA B L E  2 2 - 1 Increased Intracranial Pressure (ICP) Versus Herniation

Increased ICP Herniation

Level of arousal Increased stimulus required Unarousable
Motor function Subtle motor weakness or 

pronator drift
Dense motor weakness, posturing or absent response

Pupillary response Sluggish pupillary response One or both pupils may dilate or become pinpoint and nonreactive, 
depending on the location of injury
• One pupil dilating and becoming nonreactive while the other 

continues to react to light indicates uncal herniation on the 
ipsilateral side of the nonreactive pupil

• Bilateral, dilated nonreactive pupils indicate central herniation
Vital signs May be stable or labile Cushing’s triad (increased systolic blood pressure, bradycardia, 

widened pulse pressure)
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B O X  2 2 - 2   Indications and Contraindications 
for Intracranial Pressure (ICP) 
Monitoring

Possible Indications
• Stroke
• Brain tumor
• Postcardiac arrest
• Craniotomy
• Coma
• Severe brain injury (GCS score of 3 to 8)
• Subarachnoid hemorrhage
• Intracerebral hemorrhage
• Ischemic infarction
• Hydrocephalus

Relative Contraindications
• Coagulopathy
• Systemic infection
• Central nervous system (CNS) infection
• Infection at the site of device insertion

Intraventricular Subarachnoid

Subdural

Parenchymal

Epidural

F I G U R E  2 2 - 3  Intracranial pressure (ICP) monitoring systems.

RED FLAG! A transducer that is too low will 
produce falsely high ICP measurements, whereas 
a transducer that is too high will produce falsely low 
measurements. Erroneous measurements can result 
in the patient receiving unnecessary treatments, or 
not receiving appropriate and necessary treatments.

Troubleshooting
To ensure accurate measurements and reduce mor-
bidity, the nurse must be alert to problems associ-
ated with ICP monitoring systems that could cause 
incorrect ICP measurements (Table 22-3).

TA B L E  2 2 - 2 Advantages and Disadvantages of Intracranial Pressure (ICP) Monitoring Systems

Monitoring System Advantages Disadvantages

Intraventricular • Very accurate
• True central direct measure of ICP
• Allows for CSF drainage to decrease 

ICP
• Can obtain CSF samples
• Can be used to administer intrathecal 

medications

• Transducer must be repositioned with 
changes in elevation of the head of the bed

• High risk for CNS infection
• Diffi cult insertion in patients with small or 

displaced ventricles
• Risk for intracerebral bleeding or edema along 

the cannula track
• Greater risk of CSF leak, catheter 

displacement or obstruction
Parenchymal • Ease of insertion

• Provides true brain pressures
• CNS infections less common
• Unable to obtain CSF samples or drain CSF

Epidural • Low risk for infections
• Not necessary to reposition the 

transducer with changes in elevation of 
the head of the bed

• Not as accurate
• Unable to recalibrate once device is placed
• Unable to obtain CSF samples or drain CSF

Subarachnoid • More accurate than epidural
• Easier to insert than intraventricular

• Unable to obtain CSF samples or drain CSF
• Risk for infection
• Risk for CSF leak
• Requires an intact skull

Lumbar • Simple-to-do single readings
• No penetration of the brain 

parenchyma
• Decreased risk for infection
• Can sample CSF
• Permits direct pressure management

• Contraindicated with evidence of increased 
ICP

• Transducer must be repositioned with 
changes in height of bed
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TA B L E  2 2 - 3 Troubleshooting Intracranial Pressure (ICP) Monitoring Systems

Problem Cause Intervention

No waveform Air between the transducer diaphragm and 
pressure source

Eliminate air bubbles with sterile saline.

Occlusion of intracranial measurement 
device with blood or debris

Flush intracranial catheter, using sterile technique, as 
directed by physician: 0.25 mL sterile saline is often 
used.

Transducer connected incorrectly Check connection, and be sure the appropriate 
connector for amplifi er is in use.

Fiberoptic catheter bent or broken Assist with replacing fi beroptic catheter.
Trace turned off Turn power on to trace.

False high-
pressure 
reading

Transducer too low Place the venting port of the transducer at the level of the 
external auditory canal. For every inch (2.54 cm) the 
transducer is below the pressure source, there is an 
error of approximately 2 mm Hg.

External transducer incorrectly zeroed With transducer correctly positioned, rezero. Transducer 
should be zeroed q4h and before the initiation of 
treatment based on a pressure change.

Monitoring system incorrectly calibrated with 
external transducer

Repeat calibration procedures.

Air in system (air may attenuate or amplify 
pressure signal)

Remove air from monitoring line.

High-
pressure 
reading

Airway not patent: an increase in 
intrathoracic pressure may increase 
PaCO2

Suction patient. Position. Initiate chest physiotherapy.
Draw arterial blood gases (ABGs); hypoxia and 

hypercarbia cause increases in ICP.

Ventilator setting incorrect, positive end-
expiratory pressure (PEEP)

Check ventilator settings.

Patient position Elevate head of bed 30 degrees unless contraindicated 
(eg, due to fracture) to facilitate venous drainage. 
Limit knee fl exion. Avoid acute hip fl exion.

Excessive muscle activity, hyperthermia, or 
infection

Initiate measures to control muscle movement (eg, 
relaxants, paralyzing agents), infection, and pyrexia.

Fluid and electrolyte imbalance secondary to 
fl uid restrictions and diuretics

Draw blood for serum electrolytes, serum osmolality.
Note pulmonary artery pressure.
Evaluate input and output with specifi c gravity.

Blood pressure: vasopressor responses 
occur in some patients with elevating ICP.

Low blood pressure associated with 
hypovolemia, shock, and barbiturate coma 
may increase cerebral ischemia.

Use measures to maintain adequate continuous positive 
pressure.

False low-
pressure 
reading

Air bubbles between transducer and 
cerebrospinal fl uid (CSF)

Eliminate air bubbles with sterile saline.

Transducer level too high Place the venting port of the transducer at the level of the 
external auditory canal. For every inch (2.54 cm) the 
transducer is above the level of the pressure source, 
there will be an error of approximately 2 mm Hg.

Low-
pressure 
reading

Transducer incorrectly zeroed or calibrated Rezero and calibrate monitoring system.
Collapse of ventricles around catheter If external ventricular drainage (EVD) is being used, 

there may be inadequate positive pressure. Check to 
make sure a positive pressure of 15–20 mm Hg exists. 
Drain CSF slowly.

Otorrhea or rhinorrhea These conditions cause a false low-pressure reading 
secondary to decompression. Document the 
correlation between drainage and pressure changes.

Leakage of fl uid from connections
Dislodgment of catheter from ventricle into 

brain

Eliminate all fl uid leakage.
Contact physician.

Occlusion of the end of a subarachnoid 
screw by brain tissue

Contact physician; in most cases, screw must be 
removed.
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fatal. Plotting ICP measurements over time produces 
trend patterns that are frequently referred to as A, B, 
or C waves (Fig. 22-5).

• A waves (plateau waves) are produced by spon-
taneous, rapid increases of pressure ranging from 
20 to 50 mm Hg over a period of 20 minutes or more. 
Periods of elevated ICP that produce A waves are 
associated with deteriorating neurological status.

• B waves are produced by ICPs up to 50 mmHg 
over an extended period of time (usually longer 
than 5 minutes but less than 20 minutes). The 
resulting trend pattern is characterized by small, 
sharp, rhythmic waves. B waves correspond with 
decreased intracerebral compliance and are an 
early indication of deteriorating neurological 
status.

• C waves are produced by ICPs as high as 20 to 
25 mm Hg that persist for less than 5 minutes. 
The resultant pattern is characterized by small, 
rhythmic waves. C waves are considered normal 
responses to changes in ICP and are not treated.

Cerebral Oxygenation Monitoring
Monitoring the amount of oxygen the brain tissue 
is receiving is an important component of monitor-
ing and managing increased ICP. Patients with brain 
injury or increased ICP are at risk for hypoperfu-
sion and ischemia of the brain tissue. Neuronal 
demand for oxygen is governed by the cell’s meta-
bolic needs, which increase during neuronal activity 

RED FLAG! Flushing the catheter using a 
syringe and sterile 0.9% normal saline from an 
IV bag may be necessary if there is a dampened 
waveform or occlusion in the tubing. Never use 
heparinized saline or bacteriostatic water. Always 
fl ush the catheter away from the patient’s head; 
do not fl ush the catheter toward the patient’s head 
with the stopcocks open. Flush devices (used in 
hemodynamic monitoring) are never used in ICP 
monitoring.

Data Interpretation
The ICP monitor displays digital values and wave-
forms. ICP waveforms are monitored as well as the 
actual ICP reading. A normal ICP waveform may 
demonstrate three descending peaks that correlate 
with hemodynamic changes (Fig. 22-4):

• P1, the pressure wave, which is fairly consistent 
in shape and amplitude, originates from choroid 
plexus pulsations and correlates with systole.

• P2, the tidal wave, is more variable in shape and 
amplitude and ends on the dicrotic notch (which 
signals the beginning of diastole). P2 most directly 
refl ects the state of intracerebral compliance. As 
the mean ICP rises (signaling decreasing intra-
cerebral compliance), P2 progressively elevates, 
causing the pulse wave to appear more rounded. 
When intracerebral compliance is decreased, P2 is 
equal to or higher than P1.

• P3, the dicrotic wave, follows the dicrotic notch 
and tapers down to the diastolic position unless 
retrograde venous pulsations cause a few more 
peaks.

Some patients experience periods of elevated ICP. 
The severity is determined by the degree of ICP 
elevation and the length of time the ICP remains 
elevated. Sustained periods (greater than 5 minutes) 
of ICPs greater than 20 mm Hg are considered sig-
nifi cant and can be extremely dangerous. Sustained 
periods of ICPs greater than 60 mm Hg are usually 

P1

P2

P3

30 mm Hg

20 mm Hg

10 mm Hg

Minutes

1 2

F I G U R E  2 2 - 4  The intracranial pressure (ICP) waveform. Each 
pulse wave on the tracing is comprised of three descending peaks, 
termed P1, P2, and P3.
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F I G U R E  2 2 - 5  Plotting of extended periods of increased intracranial 
pressure (ICP) measurements over time results in patterns called 
A waves, B waves, and C waves.
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temperature, and the partial pressure of oxygen in 
brain tissue (PtiO2) are inserted into the brain paren-
chyma. The normal PtiO2 is 25 to 35 mm Hg. The 
goal is to maintain a PtiO2 of greater than 20 mm Hg.

• Jugular venous bulb oximetry is an invasive tech-
nique for studying oxygen delivery and oxygen 
consumption in the brain that involves placing a 
sampling catheter in the internal jugular vein, with 
the tip of the catheter at the jugular venous bulb. 
Blood samples from this location measure the mixed 
venous oxygen saturation (SjO2) of blood leaving 
the brain. Interpretation of SjO2 readings is summa-
rized in Table 22-4. It is important to note that SjO2 
is a measure of global cerebral oxygenation and is 
not sensitive to small areas of focal ischemia.

Managing Increased Intracranial 
Pressure
Although no single management routine is appro-
priate for all patients, the goals of treatment for 
the patient with increased ICP are to reduce ICP, 
optimize CPP, and avoid brain herniation. Nursing 
responsibilities related to minimizing ICP are 
 summarized in Table 22-5.

Measures to reduce ICP are usually initiated when 
the patient’s ICP increases to approximately 20 mm 
Hg or greater. First-tier (conventional) therapies 
include CSF drainage, mannitol, respiratory support, 
and sedation and analgesia. Second-tier therapies, 
employed for refractory increased ICP, include neu-
romuscular blockade, barbiturate coma, optimized 
hyperventilation, hypothermia, and decompressive 
craniectomy. Figure 22-6 provides an algorithm for 
the treatment of increased ICP.

or injury. Methods of monitoring cerebral oxygen-
ation include CPP monitoring, brain tissue oxygen 
monitoring, and jugular venous bulb oximetry:

• CPP monitoring. The CPP can be calculated at 
the bedside to estimate cerebral blood fl ow:
CPP = MAP − ICP, where MAP is the mean arterial 
pressure and ICP is the intracranial pressure
A normal CPP is 60 to 100 mm Hg. A CPP of 40 to 
60 mm Hg indicates hypoperfusion, and a CPP of 
less than 40 mm Hg indicates anoxia. The ICP and 
CPP are recorded hourly.

• Brain tissue oxygen monitoring. CPP, while use-
ful, does not measure all aspects of brain perfusion, 
oxygen delivery, and oxygen demand. CPP calcula-
tions provide only an estimate of the amount of 
oxygen the brain tissue is receiving, whereas brain 
tissue oxygen monitoring allows for regional pre-
cise measurement. In brain tissue oxygen monitor-
ing, sensors that directly measure the ICP, the brain 

TA B L E  2 2 - 4 Interpretation of Mixed Venous 
Oxygen Saturation (SjO2) Readings

Reading Interpretation

Normal (50–75%) Oxygen consumption and delivery 
are balanced.

Decreased (less 
than 50%)

Decreased oxygen delivery
Increased oxygen utilization

Increased (greater 
than 85%)

Hyperemia with increased cerebral 
blood fl ow

Shunting of blood away from neurons
Decrease in cerebral metabolic rate 

for oxygen (CMRO2), indicative 
of cell death or brain death

TA B L E  2 2 - 5 Nursing Care of Patients at Risk for Increased Intracranial Pressure (ICP)

Nursing 
Responsibility Nursing Action Rationale

Ensure 
adequate 
ventilation

• Assess respiratory patterns and rate. • Indicates neurological changes, pain status, 
and patency of airway

• Suctioning: Preoxygenate with 100% O2, one 
or two catheter passes, no more than 10 s per 
catheter insertion.

• Prevents increased CO2 (vasodilator that 
increases ICP); decreases coughing 
stimulation and increased intrathoracic 
pressure

• Monitor continuous pulse oximetry and blood 
gases.

• Alerts nurse to airway and respiratory 
problems

Manage blood 
pressure

• Administer vasopressors or antihypertensives 
as ordered to manipulate MAP and maintain an 
effective CPP.

• Blood pressure is directly related to cerebral 
blood volume, perfusion pressure, ischemia, 
and compliance

Perform 
neurological 
assessments

• Evaluate patient’s baseline neurological status 
at beginning of shift (preferably with previous 
shift registered nurse [RN])—mental status; pupil 
shape, size, and response; motor function.

• Subtle changes from baseline indicate 
deterioration and the need for early 
intervention.

• Assess vital signs—note trends (review ordered 
parameters for notifi cation of physician).

• MAP directly correlates with ICP in patient with 
loss of autoregulation.

• Review nursing actions and emergency algorithm 
for neurologic deterioration.

• Ensures optimal patient care and decreases 
secondary injury from prolonged ICP
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TA B L E  2 2 - 5 Nursing Care of Patients at Risk for Increased Intracranial Pressure (ICP) (continued)

Nursing 
Responsibility Nursing Action Rationale

Positioning • Place head of bed fl at or at 30° to 45° elevation 
per orders.

• Promotes cerebral perfusion or facilitates 
venous drainage; orders based on 
physiological process

• Maintain head in neutral position. • Promotes jugular outfl ow
• Avoid hip fl exion. • Decreases intrathoracic pressure and ICP
• Assess agitation in restrained patients. • Increases ICP
• Turn patient q2h, instructing patient to exhale 

with turn.
• Prevents skin breakdown and avoids Valsalva 

maneuver during repositioning
• Carry out passive range-of-motion exercises. • Prevents contractures while avoiding Valsalva-

inducing isometric contractions
• Avoid clustering of patient activities (eg, turning, 

bathing, suctioning).
• Prevents prolonged ICP spikes

• Minimize unpleasant environmental stimuli—
speak with soft voice, use caution with 
unpleasant conversations, decrease noise, use 
therapeutic touch.

• Unpleasant stimuli cause elevations in ICP

Transport patient 
with invasive 
ICP monitor

• Confi rm time of test or possibility of completing 
as portable study.

• Avoids excessive delays in uncontrolled and 
potentially overstimulating environment

• Prepare respiratory therapy and other assistants 
during transport.

• Adequate oxygenation remains a priority; 
multiple lines necessitate additional personnel

• Gather transport supplies (sedation if ordered, 
transport monitor, antihypertensives).

• Adverse patient responses during travel can 
increase ICP

• Assist with transfer of patient to diagnostic table 
with RN at head of bed monitoring device.

• Ensures patient protection and provides for 
monitor equipment recalibration for accuracy 
of monitoring

• Monitor and record hemodynamics and ICP 
dynamics during study.

• Monitors patient response to procedure

Temperature 
control

• Check temperature frequently (oral or rectal 
route preferred if no contraindications).

• Cerebral metabolic rate increases with 
elevated body temperature.

• Confi rm orders for early treatment of fever and 
aggressively treat.

• Provide gradual cooling with cooling blanket, 
closely monitored.

• Increased cerebral blood fl ow increases ICP

• Shivering increases ICP

Glycemic control • Monitor serum glucose and fi ngersticks as 
ordered (q4–6h)—adhere closely to sliding scale 
protocols in nondiabetic patients.

• Alterations in glucose can produce changes 
in metabolic rate; elevated glucose worsens 
neurological outcomes.

• Maintain euvolemia with normal saline; avoid 
hypotonic solutions.

• Hypotonic solutions increase cerebral edema.

Bowel and 
bladder 
regimens

• Administer daily stool softeners as ordered. • Reduces risk for straining and increased intra-
abdominal pressure, which increases ICP

• Avoid enemas. • Prevents Valsalva maneuver
• Assess patency of Foley catheters. • Important to monitor amount of diuresis, 

especially in patients treated with osmotic 
diuretics

• Document strict intake and output. • Important to maintain euvolemia
Seizure 

prevention 
and treatment

• Implement seizure precautions per hospital 
protocol.

• Monitor serum anticonvulsant drug levels.

• Seizure activity markedly elevates the cerebral 
metabolic rate and cerebral blood fl ow.

• Maintains therapeutic levels

Cerebrospinal Fluid Drainage
Intraventricular catheters are widely used in the 
critical care setting because they allow both moni-
toring of the ICP and draining of CSF to lower the 
ICP (Fig. 22-7). When an intraventricular cath-
eter is being used for external ventricular drain-
age (EVD) of CSF, the physician order will state 
whether the drainage is to be intermittent or 
continuous. If intermittent drainage is ordered, 

the physician will specify the ICP level at which 
drainage should be initiated (eg, ICP greater than 
20 mm Hg). If continuous drainage is ordered, the 
physician will specify the level of the drainage sys-
tem (eg, 10 cm above the external auditory canal). 
The height of the drainage system determines the 
rapidity and amount of drainage; the lower the 
drainage system, the more rapid and the greater 
amount of drainage.
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RED FLAG! Because the rate of CSF 
drainage is determined by the level of the drainage 
system relative to the patient, it is very important to 
maintain the ordered level consistently.
RED FLAG! To ensure accuracy of ICP 
measurements, it is important to turn off the 
stopcock to drainage before obtaining the ICP 
measurement in most monitoring systems.

Mannitol
Mannitol, a hypertonic crystalloid solution that 
decreases cerebral edema by increasing intravascu-
lar osmolality, is typically administered as a bolus 
IV infusion over 10 to 30 minutes in doses ranging 
from 0.25 to 2 g/kg body weight. The immediate 
plasma-expanding effect of mannitol reduces blood 
viscosity, which in turn increases cerebral blood 
fl ow and cerebral oxygen metabolism, permitting 

Yes

Yes

Yes

Yes

Yes

No

Consider repeating head CT scan

Consider repeating head CT scan
Consider second-tier therapies
    Barbiturate coma
    Brain oxygen monitoring
    Decompressive craniectomy
    Hypothermia
    Optimized hyperventilation

No

No

No

Mannitol 0.25-1.0 gm and/or hypertonic saline (3.5% or 7.5%)
Maintain serum Osmo < 320 mOsm/L (keep patient euvolemic)

Establish airway, breathing, and circulation
Ventilate patient to maintain PaCO2 to 35 mm Hg
Provide supplemental O2 to keep PaO2 of 90-120 mm Hg or SpO2 >95%
Maintain normothezrmia
Maintain HOB position to optimize CP and minimize ICP
Reduce unnecessary noxious stimuli

Insert ICP monitor

Maintain CPP > 60 mm Hg

Intracranial hypertension ≥ 20 mm Hg

Intracranial hypertension ≥ 20 mm Hg

Intercranial hypertension ≥ 20 mm Hg

Intracranial hypertension ≥ 20 mm Hg

Carefully remove
treatment for ICP

Hyperventilate to PaCO2 30-35 mm Hg
Consider repeating head CT scan

Consider repeat CT scan
Administer sedation

F I G U R E  2 2 - 6  Management of increased intracranial pressure (ICP). CP, cerebral perfusion; CPP, cerebral 
perfusion pressure; HOB, head of bed.
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F I G U R E  2 2 - 7  Intraventricular catheter system. This system allows for simultaneous monitoring and treatment 
of increased intracranial pressure (ICP) by intermittently draining cerebrospinal fl uid (CSF). (Courtesy of 
Medtronic Neurologic Technologies, Goleta, California.)

cerebral arterioles to decrease in diameter. This low-
ers cerebral blood volume and ICP, while maintain-
ing constant cerebral blood fl ow. Hypertonic saline 
(3.5% or 7.5%) is also effective for this application.1 
Because mannitol induces diuresis, isotonic crystal-
loid solutions may be infused to correct or prevent 
hypovolemia.

RED FLAG! If mannitol is administered 
in large doses and serum osmolality is greater 
than 320 mOsm, there is a signifi cant risk for 
acute tubular necrosis (ATN) and renal failure. 
redOsmolality measurements must be obtained 
every 6 to 8 hours and mannitol must be held if the 
serum osmolality exceeds 320 mOsm.

Respiratory Support
Increased ICP can cause erratic breathing patterns. 
Many patients with elevated ICP or altered level of 
consciousness require mechanical ventilation to 
maintain adequate oxygenation and manage  carbon 
dioxide levels. However, positive-pressure venti-
lation and high levels of positive end-expiratory 
pressure (PEEP) increase intrathoracic pressures. 
Increased intrathoracic pressures decrease venous 

drainage from the brain and lower cardiac output, 
thereby decreasing cerebral blood fl ow and increas-
ing the ICP.

Suctioning is performed only as necessary, and 
care must be taken to avoid hypoxemia and increased 
intrathoracic pressures. Limiting the duration of 
passes of the suction catheter to no more than 5 to 
10 seconds and limiting the number of passes to one 
or two avoids overstimulation of the cough refl ex 
and decreases the incidence of increased intratho-
racic pressure and ICP.

Sedation and Analgesia
Analgesics and sedatives may be administered to

• Reduce agitation, discomfort, and pain
• Facilitate mechanical ventilation by suppressing 

coughing
• Limit responses to stimuli, such as suctioning, 

which may increase ICP

Propofol is a fat-soluble anesthetic that is adminis-
tered as a continuous infusion to decrease agitation 
in the critically ill patient. Due to the respiratory 
depression that can occur with propofol, patients 
must be intubated and mechanically ventilated. 
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deterioration, or if increased ICP is refractory to 
other therapies. However, in the absence of a malig-
nant increase in ICP, hyperventilation therapy 
should be avoided because it can compromise cere-
bral perfusion during a time of critically reduced 
cerebral blood fl ow.3

Hypothermia
Hypothermia is controversial but continues to be 
studied as a means for reducing the brain’s meta-
bolic demands during peak times of cerebral edema 
and brain injury. It is currently recommended ther-
apy for the postresuscitation patient who remains 
unconscious. There are currently no recommenda-
tions for routine use in other neurological patients.

Decompressive Craniectomy
Decompressive craniectomy (surgical decompres-
sion) may be employed to manage refractory intra-
cranial hypertension. In decompressive craniectomy, 
part of the skull (called a “bone fl ap”) is removed to 
relieve brain swelling. The bone fl ap is replaced at a 
later date, after the swelling has decreased. Studies 
of patients with massive cerebral edema and refrac-
tory intracranial hypertension after ischemic stroke 
have shown varying results when comparing out-
comes after surgical decompression and outcomes 
after best medical management.4 However, the 
procedure remains widely used for patients with 
malignant cerebral edema after traumatic brain 
injury.

Intracranial Surgery
Intracranial surgery may be performed to

• Obtain tissue for pathological diagnosis
• Remove an abnormal mass or space-occupying 

lesion (eg, tumor, cyst, hemorrhage) and reduce 
mass effect

• Repair an abnormality (eg, aneurysm)
• Place a device (eg, shunt, reservoir)

Craniotomy
In craniotomy, a section of the skull is removed to 
facilitate accessing the brain underneath, and then 
replaced. Craniotomy is performed to remove space-
occupying lesions (eg, tumors, cysts, vascular mal-
formations), to evacuate hematomas, or to reverse 
herniation. Craniotomy may also be used to clip an 
aneurysm. Adjunct modalities may be used during 
surgery to maximize safety and effi ciency:

• Ultrasonography can distinguish abnormal lesions 
from normal brain tissue and edema, enabling 
identifi cation of residual abnormal tissue before 
closing.

• Stereotaxy uses a rigid head frame to locate the 
lesion and establish appropriate coordinates. 
Next, a contrast-enhanced computed tomography 

Studies have shown that propofol may decrease ICP, 
CPP, cerebral blood fl ow, and cerebral metabolic 
function.2 Propofol is quick-acting, easily titrated 
to patient response, and, because of its short half-
life, easily discontinued for frequent neurological 
assessments. Hypotension is a common side effect; 
therefore, frequent blood pressure monitoring is 
necessary.

Neuromuscular Blockade
Neuromuscular blockade is a “last resort” therapy to 
decrease the brain’s demand for oxygen and lower the 
ICP. Neuromuscular blockade necessitates mechani-
cal ventilation with full support. For a conscious 
patient, the inability to move and communicate is 
frightening; therefore, concurrent administration of 
analgesia and sedation is mandatory. Complications 
associated with neuromuscular blockade include 
tachycardia, hypotension, and dysrhythmias.

Barbiturate Coma
For the patient with severe and refractory elevated 
ICP, a barbiturate coma may be induced to decrease 
metabolic activity and preserve brain function. 
Criteria for the induction of a barbiturate coma 
include a Glasgow Coma Scale (GCS) score of less 
than 7; an ICP greater than 25 mm Hg at rest for 
10 minutes; and failed maximal interventions, 
including CSF drainage, mannitol, analgesia, and 
sedation. Barbiturate coma is typically used for less 
than 72 hours.

Before the administration of barbiturates, a 
secure airway with mechanical ventilation; ICP, 
blood pressure, and cardiac monitoring; and contin-
uous electroencephalogram (EEG) monitoring must 
be established. EEG monitoring is used to establish 
barbiturate dosing (the barbiturate is dosed to the 
ordered level of burst suppression). Barbiturate 
serum levels alone are poor guides for evaluating 
therapeutic effi cacy and systemic toxicity.

Barbiturates are discontinued with any of the fol-
lowing clinical fi ndings:

• ICP less than 15 mm Hg for 24 to 72 hours
• Systolic blood pressure less than 90 mm Hg despite 

the use of vasopressors
• Progressive neurological impairment, as evi-

denced by deterioration of brainstem auditory 
evoked responses (BAER)

• Cardiac arrest

At the time of discontinuation, the barbiturate is 
tapered gradually over 24 to 72 hours.

Hyperventilation
Normocapnia (an arterial carbon dioxide tension 
[PaCO2] of 35 to 40 mm Hg) is essential for the main-
tenance of stable ICP. Hyperventilation decreases 
the PaCO2, resulting in cerebral vasoconstriction 
and a lowering of ICP. Hyperventilation to achieve 
a PaCO2 of 30 to 35 mm Hg may become necessary 
for brief periods when there is acute neurological 
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area and can be exposed to trauma. Perioperative 
stroke occurs in approximately 3% of patients. 
Neurological assessment includes monitoring level 
of consciousness, pupil reactivity, eye movement, 
orientation, appropriateness of response, and motor 
function (fl exion, extension, and hand grips) for the 
fi rst 24 hours.

Hyperperfusion syndrome occurs in patients 
with high-grade stenosis. Theoretically, the hemi-
sphere distal to the stenotic area has experienced 
hypoperfusion that causes the small blood vessels to 
remain maximally dilated with a loss of autoregula-
tion. Once the stenosis is repaired, autoregulation is 
still paralyzed, but a marked increase in blood fl ow 
occurs that cannot be controlled with vasoconstric-
tion to protect the capillaries. Edema or hemorrhage 
to the area results. Strict blood pressure control is 
imperative.

(CT) scan or magnetic resonance imaging (MRI) 
scan displays an axial image of the lesion with a 
number of coordinates to indicate entry points. 
Frameless stereotaxy can be performed using CT 
or MRI before the procedure to place markers 
(fi ducials) on the scalp. Stereotaxy enhances sur-
gical safety and effectiveness by reducing crani-
otomy size, minimizing brain manipulation, and 
maximizing lesion resection.

• Cortical mapping is used for masses in eloquent 
areas of the brain (ie, the brainstem and the 
speech, motor, and visual areas) and can be per-
formed using “awake” craniotomy or functional 
MRI.

• Somatosensory evoked potentials are recorded 
during surgery under general anesthesia to assess 
the relationship between the motor strip and the 
lesion to be resected. Direct cortical stimulation in 
“awake” craniotomies provides localization of the 
sensory–motor cortex and is also used to maximize 
lesion removal and minimize neurological defi cits.

Major risks of intracranial surgery include cerebral 
edema and intracerebral hemorrhage. Postoperative 
management of the patient who has undergone a 
craniotomy includes monitoring for these complica-
tions. If there is a signifi cant neurological change 
from the baseline examination, radiographic evalua-
tion for hemorrhage or cerebral edema is indicated. 
Other postoperative interventions include early 
ambulation to avoid pulmonary and cardiovascu-
lar complications; physical and occupational ther-
apy evaluations; speech and cognitive assessments 
(when indicated); deep vein thrombosis (DVT) and 
pulmonary embolism prophylaxis; and wound eval-
uation and care.

Transsphenoidal and Transnasal 
Surgeries
Transsphenoidal and transnasal surgeries are used 
in many centers to remove pituitary tumors and 
cysts. If there is evidence of a CSF leak at the time 
of surgery, the cavity is packed with fat tissue, typi-
cally taken from the patient’s abdomen. These pro-
cedures are usually well tolerated. Postoperative 
care is aimed at increasing mobility, monitoring 
respiration, evaluating fl uid and electrolyte balance, 
and observing for evidence of CSF leak and pneu-
mocephalus (air within the cranium). Nasal splints 
are removed 2 to 4 days after surgery.

Carotid Endarterectomy
In patients with high-grade carotid stenosis (greater 
than 70%), carotid endarterectomy may be per-
formed to prevent a stroke. Carotid endarterectomy 
is a surgical procedure in which atherosclerotic 
plaque that has accumulated inside the carotid 
artery is surgically removed, restoring blood fl ow.

Brain injury, local nerve injury, or both may 
occur. Several cranial nerves traverse the surgical 

C A S E  S T U D Y

Mr. H., a 56-year-old retired man, collapsed 
while watching television. Before collapsing, he expe-
rienced the acute onset of right arm and leg weak-
ness, right facial weakness, and diffi culty speaking. 
Mr. H. was transported by ambulance to the closest 
hospital and evaluated for suspected acute stroke. In 
the emergency department (ED), the stroke work-up 
suggests a large ischemic infarct involving the middle 
cerebral artery (MCA). Mr. H. is ineligible for throm-
bolytic therapy because the time of symptom onset 
was unknown. His wife gives the following history:

• Allergies: none
• Medical history: family history of stroke, 

obesity, cigarette smoking, hypertension, 
hypercholesterolemia

• Surgical history: none
• Social history: retired military computer analyst, 

married with supportive wife, three biological chil-
dren, aged 28, 26, and 25, and all healthy; social 
ingestion of alcohol; smoking history 1 pack per 
day for 35 years

• Medications: lisinopril, 20 mg/d; atorvastatin (Lipitor), 
10 mg/d

Mr. H. is admitted to the neuroscience critical 
care unit for acute stroke management. Because 
of his large left MCA stroke, he is at risk for cere-
bral edema, seizure, and worsening of his stroke. 
During the fi rst 24 hours, he shows no change 
in neurological status, and his vital signs remain 
stable. On day 2, his neurological examination 
shows a decrease in level of consciousness, a 
decrease in heart rate to 55 beats/min, and an 
increase in blood pressure to 200/110 mm Hg. He 
requires immediate intubation for airway protec-
tion. The nurse suspects that Mr. H. is experienc-
ing increased ICP due to either cerebral edema 
or hemorrhagic conversion of the ischemic stroke 
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territory. Laboratory samples are sent for testing, 
and a stat CT scan is obtained. The neurology spe-
cialist and neurosurgeon are notifi ed of the rapid 
change in Mr. H.’s status.

The CT scan reveals massive cerebral edema 
with midline shift (no hemorrhage noted). On arrival 
back at the neuroscience critical care unit, Mr. H. 
is given his fi rst dose of mannitol, and based on 
osmolality levels, the dose is repeated every 
6 hours. The neurosurgeon places an intraven-
tricular catheter for external ventricular drainage 
(EVD) under sterile conditions at the bedside. Mr. 
H.’s initial ICP is 32 mm Hg. The nurse monitors 
his ICP and CPP on an hourly basis and provides 
nursing interventions to assist in decreasing ICP 
and improving CPP, including maintaining a quiet 
environment, limiting nursing activities, and avoid-
ing fl exion and extension of the neck. The patient’s 
blood pressure decreases, and he does not require 
antihypertensive medications.

On day 3, Mr. H. experiences a generalized 
tonic–clonic seizure, which is treated with diaz-
epam and a phenytoin load, with daily phenytoin 
administration. He is taken to CT, and the scan is 
negative for hemorrhage. On day 4, his ICP has 
been less than 15 mm Hg for more than 24 hours, 
and the intraventricular catheter is removed. On 
day 5, he is extubated. He is alert enough to under-
stand what is being said to him. At this time, 
Mr. H. is formally evaluated by physical, speech, 
and occupational therapists. Because he fails a 
swallowing evaluation, a PEG tube is placed.

During his hospital stay, Mr. H. receives prophy-
laxis for stress ulcers and DVT, as well as aspirin 
for stroke prevention. His lipid panel reveals that 
his atorvastatin needs to be increased. He remains 
on lisinopril for hypertension. Diagnostic studies 
to determine the stroke etiology include a trans-
thoracic echocardiogram, which reveals a normal 
ejection fraction, no right-to-left shunting, and no 
valvular abnormalities or vegetation. A carotid 
duplex ultrasound does not reveal signifi cant 
carotid stenosis.

Until discharge, Mr. H.’s vital signs and clinical 
status remain stable. His residual neurological 
defi cits include signifi cant hemiparesis on the 
right side and dysarthria. Mr. H. is transferred to a 
stroke rehabilitation facility for aggressive stroke 
rehabilitation.

1. Describe other noninvasive approaches that the 
nurse might incorporate into Mr. H.’s care in order 
to reduce intracranial pressure (ICP).

2. Describe the potential complications that Mr. H. 
might experience while the intraventricular cath-
eter for ICP monitoring is in place.

3. Does the neurological worsening that Mr. H. 
experiences on day 2 occur at a “typical” time 
point for patients with neurological injury? 
Explain.
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Critical Care: Guidelines for the management of severe trau-
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matic brain injury. N Eng J Med 364:1493–1502, 2011

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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Based on the content in this chapter, the reader should be able to:

1 Compare and contrast mechanisms of trauma injury.
2 Describe phases of initial assessment and related care of the trauma patient.
3 Discuss the assessment and management of patients with thoracic, 

abdominal, musculoskeletal, and maxillofacial trauma.
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O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the pathophysiology, assessment, and management of traumatic 
brain injury (TBI) in the critically ill patient.

2 Describe the pathophysiology, assessment, and management of brain tumors.
3 Describe the pathophysiology, assessment, and management of two common 

causes of cerebral hemorrhage, aneurysm, and arteriovenous malformation.
4 Describe the pathophysiology, assessment, and management of stroke in the 

critically ill patient.
5 Describe the pathophysiology, assessment, and management of seizures in 

the critically ill patient.
6 Describe the assessment and management of spinal cord injury in the critically 

ill patient.

Traumatic Brain Injury
Traumatic brain injury (TBI) occurs when the head 
strikes an object or an object strikes the head. It can 
also be an object penetrates the skull and enters the 
brain tissue. Leading causes of TBI include falls, 
motor vehicle crashes (MVCs), and gunshot wounds. 
Typical mechanisms of injury (Fig. 23-1) include:

• Acceleration injuries: a moving object strikes the 
stationary head

• Acceleration–deceleration injuries: the head in 
motion strikes a stationary object

• Coup–contrecoup injuries: the brain “bounces” 
back and forth within the skull, striking both sides 
of the brain

• Rotation injuries: the brain twists within the 
skull, resulting in stretching and tearing of blood 
vessels and shearing of neurons

• Penetration injuries: a sharp object disrupts 
the integrity of the skull and penetrates the brain 
tissue

The resultant injuries range from mild to severe 
(Table 23-1). Many patients die from their injuries or 
are left in a coma or persistent vegetative state. TBI 
can have a profound and lasting effect on the patient 
and family. For example, emotional and behavioral 
changes may affect interpersonal relationships and 
family roles, or neurologic defi cits may affect the 
patient’s ability to resume a chosen career or return 
to work at all.

Primary Brain Injury
Primary brain injuries are injuries occurring at 
the time of trauma. Primary injuries include scalp 
lacerations, fractures, concussions, contusions, 
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deformation of the skull. Scalp lacerations can be 
sutured at the bedside or may require surgical repair, 
depending on the size and extent of injury. Avulsed 
areas of the scalp may require surgical reimplantation.

Skull Fracture
Depressed skull fractures are fractures in which bone 
fragments are driven into the underlying meninges 

hematomas, subarachnoid hemorrhage, diffuse axo-
nal injury (DAI), and cerebrovascular injury.

Scalp Laceration
A scalp laceration frequently causes signifi cant bleed-
ing (due to the vascularity of the scalp) and may 
be associated with underlying injuries to the skull 
and brain. The scalp is gently palpated to assess for 

A. Acceleration B. Acceleration-deceleration

C. Coup-contre coup

D. Rotation E. Penetration injury

Contre coupCoup

F I G U R E  2 3 - 1  Typical mechanisms of traumatic brain injury (TBI).
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to recall events leading up to the traumatic event, 
and  occasionally short-term memory is affected. 
Concussions are not associated with structural 
abnormalities on radiographic imaging. Recovery 
after a concussion is usually complete; however, 
some patients develop postconcussive syndrome 
(headaches, decreased attention span, short-term 
memory impairment, dizziness, irritability, emo-
tional lability, fatigue, visual disturbances, noise and 
light sensitivity, and diffi culties with executive func-
tions). Postconcussive syndrome can last for months 
and as long as 1 year after the injury.2

Contusion
Cerebral contusions result from laceration of the 
microvasculature that causes bruising of, or bleed-
ing into, the brain tissue. Cerebral contusions can 
range from mild to severe depending on the loca-
tion, size, and extent of brain tissue injury. The diag-
nosis of cerebral contusion is made using computed 
tomography (CT). Complications of a cerebral con-
tusion include intracerebral hematoma develop-
ment and cerebral edema. Cerebral edema peaks 24 
to 72 h after injury, causing increased intracranial 
pressure (ICP).

Hematoma
Intracranial hematomas may be epidural, subdural, 
or intraparenchymal (Fig. 23-2).

Epidural Hematoma
An epidural hematoma is a collection of blood 
between the dura and inside surface of the skull, 
often caused by laceration of the middle menin-
geal artery. Patients may have a period of lucidity 
followed by a loss of consciousness. The rapidly 
expanding mass can cause uncal herniation. Prompt 
recognition and surgical evacuation of the hema-
toma is necessary.

Subdural Hematoma
A subdural hematoma is an accumulation of blood 
below the dura and above the arachnoid layer cov-
ering the brain. Tearing of the bridging veins (veins 
that pass from the surface of the brain to the inner 
surface of the dura) or disruption of venous sinuses 
can cause a subdural hematoma. Subdural hema-
tomas can be categorized based on the time from 
injury to the onset of symptoms:

• Acute. Signs and symptoms of increasing ICP (eg, 
headache, focal neurological defi cit, unilateral 
pupillary abnormalities, decreasing level of con-
sciousness) manifest 24 to 48 hours after injury. 
The need for surgical evacuation is determined 
based on the size and location of the hematoma 
and the degree of neurological dysfunction.

• Subacute. Onset of signs and symptoms is delayed 
(2 days to 2 weeks after injury). Disruption of 
smaller blood vessels may lead to a slower accu-
mulation of blood, causing the delay in symp-
tom onset. In some cases, cortical atrophy (often 

and brain tissue. Patients with depressed skull frac-
tures may require surgery to debride bone fragments, 
repair the skull or dura, evacuate a hematoma, or 
repair adjacent structures such as sinuses or blood 
vessels.1 Injury to the dura places the patient at risk 
for meningitis; therefore, careful monitoring for 
signs and symptoms of infection is important.

Basilar skull fractures occur at the base, or fl oor 
of the skull, typically in the areas of the anterior and 
middle fossae. Clinical signs of a basilar skull frac-
ture include Battle’s sign (bruising behind the ear) 
or “raccoon eyes” (periorbital edema and bruising). 
Drainage of cerebrospinal fl uid (CSF) from the ear 
(otorrhea) or nose (rhinorrhea) indicates injury to 
the dura. Otorrhea typically signifi es a fracture in the 
middle fossa, and rhinorrhea occurs with a fracture 
in the anterior fossa. Dabbing the drainage from the 
ear or nose with gauze may reveal the “halo” sign 
(layering of fl uids, with blood on the inside and CSF 
in a yellowish ring on the outside). CSF leaks typi-
cally heal spontaneously; however, a lumbar drain 
may be used to reduce pressure on the dural tear 
and promote healing. In some cases, the damaged 
region of dura must be surgically repaired. A loose 
gauze dressing can be applied to the ear or nose 
to quantify the amount and character of drainage 
while allowing unobstructed drainage of the fl uid. 
The skin around the drainage site is kept clean, and 
the patient is instructed not to blow his or her nose.

RED FLAG! In patients with basilar 
skull fractures, nasogastric and nasotracheal 
intubation are contraindicated because of the risk for 
passing the tube through the cribriform fracture into 
the brain. 

Concussion
A concussion is a temporary alteration in mental sta-
tus resulting from trauma. The patient may or may 
not lose consciousness. Often patients are unable 

TA B L E  2 3 - 1 Defi ning the Severity of Head Injury

Severity Description

Mild GCS score 13–15
May have lost consciousness or exhibited 

amnesia or a neurological defi cit for 
5–60 min

No abnormality on CT scan and length of 
hospital stay less than 48 h

Moderate GCS score 9–12
Loss of consciousness or amnesia for 

1–24 h
May have abnormality on CT scan

Severe GCS score 3–8
Loss of consciousness or amnesia for more 

than 24 h
May have a cerebral contusion, laceration, 

or intracranial hematoma

GCS, Glasgow Coma Scale.
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layer, resulting in hemorrhage into the subarach-
noid space (which contains the CSF). Blood in the 
subarachnoid space irritates the brainstem, causing 
abnormal activity in the autonomic nervous system 
that may produce cardiac dysrhythmias and hyper-
tension. Hydrocephalus may result when blood in 
the subarachnoid space impedes reabsorption of 
CSF. Cerebral vasospasm, a less common complica-
tion, may also occur.

Diffuse Axonal Injury
DAI is characterized by a direct tearing or shear-
ing of axons, which worsens during the fi rst 12 to 
24 hours as cerebral edema develops. DAI is thought 
to occur with rotational and acceleration–decelera-
tion forces. DAI can be classifi ed as mild, moderate, 
or severe:

• Mild DAI is associated with a coma lasting no lon-
ger than 24 hours.

• Moderate DAI is characterized by a coma last-
ing longer than 24 hours with transient fl exor or 
extensor posturing.

• Severe DAI is characterized by prolonged coma, 
fever, diaphoresis, and severe extensor posturing.

DAI is not easily identifi ed through radiographic 
imaging; however, small punctate hemorrhages may 
be visualized deep in the white matter. Magnetic res-
onance imaging (MRI) may be helpful in identifying 
neuronal damage after 24 hours.

Cerebrovascular Injury
Carotid or vertebral artery dissection must be con-
sidered when a patient presents with neurological 
defi cits unexplained by other brain injuries. Arterial 
dissection is caused by shearing of the innermost 
(intima) or middle (media) vessel layers. Damage to 

associated with advanced age and alcoholism) may 
allow for a greater amount of fl uid to collect before 
symptoms of increased ICP manifest. Surgical 
hematoma evacuation may be performed electively 
according to the degree of neurologic dysfunction.

• Chronic. Chronic subdural hematomas result 
from a small bleed or slow capillary leak. Cortical 
atrophy causes tension on bridging veins and can 
increase the risk for chronic subdural hematoma. 
The slow accumulation of fl uids and brain atrophy 
accounts for the delayed presentation of signs and 
symptoms, which include headache, lethargy, con-
fusion, and seizures. Surgical intervention may 
include drilling burr holes into the skull or crani-
otomy to remove the hematoma. Drains may be 
placed intraoperatively to prevent reaccumulation 
of fl uid. The head of the patient’s bed is kept fl at to 
decrease tension placed on bridging veins. When 
the head of the bed is raised, it must be raised 
slowly to prevent rebleeding because as the head 
is elevated, the brain settles downward.

Intraparenchymal Hematoma
An intraparenchymal hematoma is a collection of 
blood within the brain parenchyma. Traumatic 
causes of intraparenchymal hematoma include 
depressed skull fractures and penetrating injuries. 
Medical management aims to manage cerebral 
edema and promote adequate cerebral perfusion. 
Surgical management is indicated in patients with 
a deteriorating neurologic examination referable to 
the injured region of brain tissue, and in patients 
with increased ICP that is uncontrolled with maxi-
mal medical therapies.

Subarachnoid Hemorrhage
Traumatic subarachnoid hemorrhage occurs with 
tearing or shearing of microvessels in the arachnoid 

A. Epidural hematoma B. Subdural hematoma

Subdural hematoma

Dura mater

Pia
arachnoid

Intracerebral hematoma

C. Intraparenchymal hematoma

Dura mater

F I G U R E  2 3 - 2  Cerebral hematomas.
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Management
Initial assessment and treatment of the patient with 
TBI begins immediately after the insult. Prehospital 
management of TBI focuses on rapid systems assess-
ment and defi nitive airway management (Fig. 23-3). 
Airway management is essential for early correction 
of hypoxia and hypercarbia, which exacerbate sec-
ondary brain injury and affect morbidity and mor-
tality in patients with TBI.

Following transfer of the patient to the critical 
care unit, management continues to focus on pre-
venting or mitigating secondary brain injury, as 
well as providing supportive care, preventing or 
managing multisystemic complications, and provid-
ing family support. A collaborative care guide for a 
patient with TBI is given in Box 23-1.

Caring for the Patient in a Coma or Persistent 
Vegetative State
Many patients with TBI will be in a coma or persis-
tent vegetative state:

• Coma is an alteration in consciousness caused 
by damage to both hemispheres of the brain or 
the brainstem. Coma results from disruption 
of the reticular activating system (RAS), which 
is a physiological region encompassing nuclei 
from the medulla to the cerebral cortex. The 
RAS is responsible for wakefulness, heightened 
arousal, and alertness. Consciousness can be 
placed on a continuum from full consciousness 
to coma, and states of coma can be subdivided 
into light coma, coma, and deep coma. The dura-
tion of coma depends on the type and severity 
of brain injury. The Ranchos Los Amigos Scale 
(Table 23-2) can be used to describe the patient’s 
level of awareness and ability to interact with 
the environment. Coma (sensory) stimulation 
(Box 23-2) may increase the patient’s level of 
arousal and attention, and lead to better func-
tional outcomes.

RED FLAG! Coma stimulation is only 
appropriate for patients with stable, normal ICPs. 

• Persistent vegetative state (irreversible coma, 
coma vigil) is characterized by a period of sleep-
like coma followed by a return to the awake state 
with an inability to respond to the environment. 
In a persistent vegetative state, higher cortical 
functions of the cerebral hemispheres have been 
damaged permanently, but the lower functions of 
the brainstem remain intact. The patient’s eyes 
open spontaneously and may appear as if they are 
opening in response to verbal stimuli. Sleep–wake 
cycles exist, and the patient maintains normal 
cardiovascular and respiratory control. Also seen 
are involuntary lip smacking, chewing, and roving 
eye movements. A diagnosis of persistent vegeta-
tive state cannot be made for at least 4 weeks after 
onset of TBI and coma.6

the intima can result in clot formation or an intimal 
fl ap, either of which can occlude the vessel, resulting 
in stroke. To detect this type of injury, cerebral angi-
ography may be ordered for patients who have sus-
tained injury to the neck or have unexplained focal 
neurological defi cits.

RED FLAG! Early identifi cation of cerebrovascular 
injury, exclusion of concomitant hemorrhage, and 
initiation of anticoagulation therapy (if warranted) 
can prevent stroke in patients with cerebrovascular 
injury. 

Secondary Brain Injury
Secondary brain injury occurs after the initial 
traumatic event and causes additional brain injury. 
Secondary processes (eg, hypoxemia, hypoten-
sion, anemia, cerebral edema, cerebral ischemia, 
uncontrolled increased ICP, hypercarbia, hyper-
thermia, seizures, hyperglycemia, local or systemic 
infection) can cause or exacerbate secondary brain 
injury.

• Cerebral edema commonly occurs in patients with 
TBIs 24 to 48 hours after the primary insult and 
typically peaks at 72 hours.3 If cerebral edema is 
not aggressively treated, herniation may ensue. 
Serial neurologic examinations that include eval-
uation of level of consciousness and motor and 
cranial nerve function are necessary to identify 
increased ICP and prevent herniation.

• Cerebral ischemia, a major cause of morbidity 
and mortality, may be a result of direct vascular 
injury, loss of autoregulation, or cerebral edema 
that causes compression or occlusion of blood 
vessels within the brain. Several studies have sug-
gested that cerebral blood fl ow may decrease up 
to 50% during the fi rst 24 to 48 hours after TBI.4 
Continuous surveillance of end-tidal carbon diox-
ide (ETCO2) or frequent assessment of the arterial 
carbon dioxide tension (PaCO2) is important to 
prevent cerebral ischemia.

• Seizures during the early stages of TBI can have 
severe negative effects on ICP and cerebral meta-
bolic demands. Evidence-based guidelines sup-
port the use of antiseizure medication in the fi rst 
7 days after TBI.5 Seizures that occur after this 
initial period (late posttraumatic seizures) are not 
prevented by prophylactic administration of anti-
seizure medications.5

• Hyperthermia (temperature greater than 100°F 
[37.5°C]) in a patient with severe TBI increases 
metabolic demands and may compound secondary 
brain injury. Inducing hypothermia may be ben-
efi cial in improving functional outcome, although 
further research is required before this practice 
is recognized as a standard.5 Currently, induced 
hypothermia is used on a case-by-case basis.

RED FLAG! Preventing and mitigating
secondary brain injury maximizes the patient’s
chances for positive functional outcomes.
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appearance of suggestive signs and symptoms, and 
treatment focuses on fi nding a medication regimen 
that suppresses the sympathetic nervous system 
while avoiding adverse effects such as hypotension 
and bradycardia. Agents commonly used as part 
of the medication regimen include α-adrenergic 
blockers, β-adrenergic blockers, opiates, seda-
tives, γ-aminobutyric acid agonists, and dopamine 
agonists.

Disorders of Sodium Imbalance
Disorders of sodium imbalance are common in the 
patient with TBI (Table 23-3).

Preventing and Managing Multisystemic 
Complications
Sympathetic Storming
Patients with severe TBI may experience sympa-
thetic storming as a result of an imbalance of the 
sympathetic and parasympathetic nervous sys-
tems. Sympathetic storming is characterized by 
diaphoresis; agitation, restlessness, or posturing; 
hyperventilation; tachycardia; and fever. Stressful 
events (eg, suctioning, turning, loud noises) can 
trigger a storming episode.7 The diagnosis of 
sympathetic storming is typically based on the 

Emergency diagnostic
or therapeutic

procedures as indicated

Yes

Yes

Yes

No

No

No

Severe Head Injury
GCS 8 or less

ATLS trauma
evaluation

Herniation?
Deterioration?

Resolution?

Hyperventilation
Mannitol (1 g/kg)

CT scan

Endotracheal intubation
Fluid resuscitation
Ventilation
  (PaCO2 35 mm Hg)
Oxygenation
Sedation
Neuromuscular blockade
  (short acting)

Surgical
interventions

Surgical
lesion?

Intensive
care unit

Monitor ICP

Treat
intracranial

hypertension

F I G U R E  2 3 - 3  Flowchart for resuscitation of the patient with a severe head injury before ICP monitoring. GCS, 
Glasgow Coma Scale; ATLS, advanced trauma life support; CT, computed tomography; ICP, intracranial 
pressure. © 2000 Brain Trauma Foundation, Inc. Used with permission.
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B O X  2 3 - 1 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With a Traumatic Brain Injury (TBI)

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
A patent airway is maintained.
Lungs are clear to auscultation.
Arterial pH, PaO2, and SaO2 are maintained 

within normal limits.
ETCO2 or PCO2 is maintained within prescribed 

range.
There is no evidence of atelectasis or 

pneumonia on chest x-ray.

• Auscultate breath sounds q2–4h and PRN.
• Hyperoxygenate before and after each suction pass.
• Avoid suction passes >10 s.
• Monitor ICP and CPP during suctioning and chest 

physiotherapy.
• Provide meticulous oral hygiene.
• Monitor for signs of aspiration.
• Encourage nonintubated patients to use incentive spirometer, 

cough, and deep breathe q4h and PRN.
• Turn side-to-side q2h.
• Move patient out of bed to chair one to two times per day when 

ICP has been controlled.
 

Circulation/Perfusion
Patient exhibits normal sinus rhythm without 

ectopy or ischemic changes.
Patient does not experience thromboembolic 

complications.

• Monitor for myocardial ischemia and dysrhythmias due to 
sympathetic activation and catecholamine surges.

• Prevent DVT with the use of pneumatic compression devices, 
compression hose, and subcutaneous heparin.

• Implement early mobilization. Facilitate moving to a chair one 
to two times per day.

• Monitor blood pressure continuously by arterial line or fre-
quently by noninvasive cuff.

• Monitor oxygen delivery (hemoglobin, SaO2, cardiac output).
• Administer RBCs, inotropes, IV fl uids as indicated.

 

Cerebral Perfusion/Intracranial Pressure
CPP > 60 mm Hg.
ICP < 20 mm Hg.
Patient does not experience seizure activity.

• Monitor ICP and CPP q1h.
• Make neurological checks q1–2h.
• Elevate the head of bed to 30 degrees unless contraindicated.
• Maintain proper body alignment, keeping the head in a neutral 

position, and avoiding sharp hip fl exion.
• Maintain normothermia.
• Maintain a quiet environment, cluster care, and provide rest 

periods.
• Provide sedation as necessary and as prescribed.
• Administer prophylactic antiepileptic agents as prescribed to 

prevent seizure activity.
 

Fluids/Electrolytes
Serum electrolytes are within normal limits.
Serum osmolality remains within prescribed 

range.

• Maintain strict documentation of I&O; consider insensible 
losses due to intubation, fever, and the like.

• Monitor serum electrolytes, glucose, and osmolality as ordered.
• Consider need for electrolyte replacement therapy and adminis-

ter per physician order or protocol.
 

Mobility/Safety
There are minimal and transient changes in 

ICP/CPP during treatments or patient care 
activities, and ICP/CPP returns to baseline 
within 5 min.

Patient does not experience complications 
related to prolonged immobilization (eg, DVT, 
pneumonia, ankylosis).

Patient does not harm self by dislodging medical 
equipment or falling.

• Provide range of motion and functional splinting for paralyzed 
limbs or patients in a coma.

• Relieve pressure on pressure points (by repositioning) 
at least q2h.

• Consider use of a specialty mattress based on skin and risk fac-
tor assessments.

• Keep bed rails in the upright position.
• Provide restraints if necessary to prevent dislodgment of medical 

devices per facility protocol.
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TA B L E  2 3 - 2 Ranchos Los Amigos Scale

Level Guidelines for Interacting With Patient

1. No response to any stimuli occurs.
2. Generalized response. Stimulus response 

is incoherent, limited, and nonpurposeful with 
random movements or incomprehensible sounds.

3. Localized response. Stimulus response is 
specifi c but inconsistent; patient may withdraw or 
push away, may make sounds, may follow some 
simple commands, or may respond to certain 
family members.

• Assume that the patient can understand all that is said. 
Converse with, not about, the patient.

• Do not overwhelm the patient with talking. Leave some 
moments of silence between verbal stimuli.

• Manage the environment to provide only one source of 
stimulation at a time. If talking is taking place, the radio or 
television should be turned off.

• Provide short, random periods of sensory input that are 
meaningful to the patient. A favorite television program 
or tape recording or 30 min of music from the patient’s 
favorite radio station will provide more meaningful 
stimulation than constant radio accompaniment, which 
becomes as meaningless as the continual bleep of the 
cardiac monitor.

4. Confused–agitated. Stimulus response is 
primarily to internal confusion with increased state 
of activity; behavior may be bizarre or aggressive; 
patient may attempt to remove tubes or restraints 
or crawl out of bed; verbalization is incoherent or 
inappropriate; patient shows minimal awareness of 
environment and absent short-term memory.

• Be calm and soothing when handling the patient. 
Approach with gentle touch to decrease the occurrence of 
defensive emotional and motor refl exes.

• Watch for early signs that the patient is becoming agitated 
(eg, increased movement, vocal loudness, resistance to 
activity).

• When the patient becomes upset, do not try to reason 
with him or her or “talk him or her out of it.” Talking will 
be an additional external stimulus that the patient cannot 
handle.

• If the patient remains upset, either remove him or 
her from the situation or remove the situation from him 
or her.

5. Confused, inappropriate–nonagitated. Patient 
is alert and responds consistently to simple 
commands; however, patient has a short attention 
span and is easily distracted; memory is impaired 
and patient exhibits confusion of past and present 
events; patient can perform previously learned 
tasks with maximal structure but is unable to 
learn new information; may wander off with vague 
intention of “going home.”

• Present the patient with only one task at a time. Allow 
time to complete it before giving further instructions.

• Make sure that you have the patient’s attention by placing 
yourself in view and touching the patient before talking.

• If the patient becomes confused or resistant, stop talking. 
Wait until he or she appears relaxed before continuing 
with instruction or activity.

6. Confused–appropriate. Patient shows goal-
directed behavior but still needs external 
direction; can understand simple directions and 
reasoning; follows simple directions consistently 
and requires less supervision for previously 
learned tasks; has improved past memory depth 
and detail and basic awareness of self and 
surroundings.

• Use gestures, demonstrations, and only the most 
necessary words when giving instructions.

• Maintain the same sequence in routine activities and 
tasks. Describe these routines to the patient and relate 
them to time of day.

7. Automatic–appropriate. Patient is able to 
complete daily routines in structured environment; 
has increased awareness of self and surroundings 
but lacks insight, judgment, and problem-solving 
ability.

• Supervision is still necessary for continued learning and 
safety.

• Reinforce the patient’s memory of routines and schedules 
with clocks, calendars, and a written log of activities.

8. Purposeful–appropriate. Patient is alert, 
oriented, and able to recall and integrate past 
and recent events; responds appropriately 
to environment; still has decreased ability in 
abstract reasoning, stress tolerance, 
and judgment in emergencies or unusual 
situations.

• The patient should be able to function without 
supervision.

• Consideration should be given to job retraining or a return 
to school.
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B O X  2 3 - 2   Sensory (Coma) Stimulation

Sound
• Explain to the patient what you are going to do.
• Play the patient’s favorite television or radio program 

for 10 to 15 minutes. Alternatively, play a tape record-
ing of a familiar voice of a friend or family member.

• During the program, do not converse with others in 
the room or perform other activities of patient care. 
The goal is to minimize distractions so the patient 
may learn to attend to the stimulus selectively.

• Another approach is to clap your hands or ring a 
bell. Do this for 5 to 10 seconds at a time, moving the 
sound to different locations around the bed.

Sight
• Place a brightly colored object in the patient’s view. 

Present only one object at a time.
• Alternatively, use an object that is familiar, such as a 

family photo or favorite poster.

Touch
• Stroke the patient’s arm or leg with fabrics of various 

textures. Alternatively, the back of a spoon can simu-
late smooth texture and a towel rough texture.

• Rubbing lotion over the patient’s skin will also stimu-
late this sense. For some, fi rm pressure may be better 
tolerated than very light touch.

Smell
• Hold a container of a pleasing fragrance under the 

patient’s nose. Use a familiar scent, such as perfume, 
aftershave, cinnamon, or coffee.

• Present this stimulation for very short periods (1 to 
3 minutes maximum).

• If a cuffed tracheostomy or endotracheal tube is in 
place, the patient will not be able to appreciate this 
stimulation fully.

TA B L E  2 3 - 3 Disorders of Sodium Imbalance

Diabetes Insipidus
Syndrome of Inappropriate Antidiuretic 
Hormone Secretion (SIADH)

Cerebral Salt-Wasting 
Syndrome

Urinary output Increased Decreased Increased
Specifi c gravity Decreased Increased Decreased
Volume status Decreased Increased Decreased
Serum sodium Increased Decreased Decreased
Treatment Administration of exogenous 

vasopressin, fl uid 
replacement

Fluid restriction, judicious sodium 
replacement

Fluid and sodium 
replacement

• Diabetes insipidus occurs as a result of a decrease 
in antidiuretic hormone (ADH) secretion, leading 
to hypovolemia and hypernatremia.

• Syndrome of inappropriate antidiuretic hor-
mone secretion (SIADH), in which ADH is 
released in excessive amounts, results in hemodi-
lution, hypervolemia and hyponatremia.

• Cerebral salt-wasting syndrome (centrally medi-
ated excessive renal excretion of sodium and water) 
may cause hyponatremia in normovolemia to 
hypovolemia.

Cardiovascular Complications
Myocardial stunning and a transient decrease in car-
diac function may occur in severe TBI. Serum cardiac 
enzymes, electrocardiography, echocardiography, and 
hemodynamic monitoring may be used to evaluate 
myocardial function and guide therapy in the criti-
cal phases of TBI. The release of large amounts of 
thromboplastin in response to brain injury can cause 
disorders of coagulation, such as disseminated intra-
vascular coagulation (DIC). Immobility can place 
patients with TBI at risk for deep venous thrombosis 
(DVT) and pulmonary embolism.

Pulmonary Complications
Patients with TBI are at increased risk for pneumonia, 
acute respiratory distress syndrome (ARDS), pulmo-
nary embolism, and neurogenic (“fl ash”) pulmonary 
edema. Neurogenic pulmonary edema, which has a 
sudden onset, may result from injury to the brainstem, 
increased ICP, or an increase in sympathetic nervous 
system  that causes a catecholamine surge at the time 
of trauma. Treatment of neurogenic pulmonary edema 
includes the judicious use of low-dose diuretics. Early 
mobility is critical for preventing pulmonary compli-
cations such as pulmonary embolism and pneumonia.

Caring for the Family
Bond et al.8 surveyed the needs of family members 
of patients with severe TBI and identifi ed the follow-
ing four needs:

• The need for specifi c, truthful information
• The need for information to be consistent
• The need to be actively involved in the care of the 

patient
• The need to be able to make sense of the entire 

experience
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Brain Tumors
A brain tumor is broadly described as any neoplasm 
arising within the cranium. Tumors may be primary 
or metastatic. Tumors are classifi ed according to cell 
type and location and graded according to degree of 
malignancy. Table 23-4 summarizes common brain 
tumors.9 Prognostic factors include the tumor classi-
fi cation and grade, the tumor’s location, the patient’s 
age and general health status, and the time elapsed 
before detection.

Pathophysiology
Although many brain tumors are low grade or 
“benign,” their location or type may impede com-
plete surgical removal. The physical presence of the 
tumor can cause vasogenic edema (due to disruption 
of the blood–brain barrier), shifting of surrounding 
structures, or both, resulting in ICP that can lead to 
brain herniation and death.

Providing emotional support and supporting the 
family in the process of gathering information and 
making decisions are essential nursing responsi-
bilities. Measures such as providing accurate and 
timely information, coordinating available support 
services (eg, social care, pastoral support) and seek-
ing to involve the family in patient care (eg, encour-
aging family members to assist in providing sensory 
stimulation) help to meet the needs of the family, as 
well as the patient.

A patient’s condition may be so severe that brain 
death is the fi nal outcome. The concept of brain 
death is often confusing for families because death 
is so commonly associated with cardiopulmonary 
death. When communicating with the family about 
brain death, the language used is very important, 
and care must be taken to assess the understanding 
and coping mechanisms of family members. Many 
patients who are declared brain dead are candidates 
for organ donation. Discussions about brain death 
should be separated in time from conversations 
regarding the opportunities for organ donation.

TA B L E  2 3 - 4 World Health Organization (WHO) Classifi cation and Grading of Common Intracranial Tumors

Classifi cation/Grade Description Symptoms Treatment/Prognosis

Neuroepithelial Gliomas (Approximately 50% of Primary Tumors)
Astrocytoma
 WHO grade I—pilocytic 

astrocytoma
85% cerebellar; slow 

growing; well 
circumscribed; cystic; 
benign

Increased intracranial 
pressure (ICP); focal 
neurologic signs

Treated with craniotomy for tumor removal

 WHO grade 
II—astrocytoma

Infi ltrative; slow growing Seizures; acute or subtle 
onset of symptoms

Radiation therapy (RT) for residual tumor; 
may withhold RT after gross total 
resection; young age is good prognostic 
factor

 WHO grade III—
anaplastic astrocytoma

Hypercellular; malignant May have acute onset of 
symptoms

RT with or without chemotherapy; high 
recurrence rate; age and overall health 
affect prognosis

 WHO grade IV—
glioblastoma multiforme

Poorly differentiated, 
with high mitotic rate; 
highly malignant; most 
common glioma in 
adults

Rapid onset of 
symptoms; increased 
ICP or focal signs

Infi ltrative nature: complete removal of all 
cells not possible; RT with chemotherapy; 
experimental protocols; recurrence 
in virtually all cases; median survival: 
12–18 mo

Oligodendroglioma Well differentiated; calcifi ed; 
infi ltrative; slow growing; 
some tumors are 
malignant (anaplastic)

Seizures; headaches; 
subtle onset of 
symptoms

RT with residual tumor; may withhold 
after gross total resection; RT with or 
without chemotherapy for anaplastic 
oligodendroglioma

Mixed glioma 
(oligoastrocytoma)

May behave more or less 
aggressively, depending 
on features

Dependent on location 
and degree of 
malignancy

Variable outcome

Ependymoma Young adult patients; 
originates from lining of 
the ventricles; frequently 
in posterior fossa; 
usually benign

May present with 
hydrocephalus; 
symptoms related to 
location

RT for residual or recurrent disease; 
craniospinal RT for evidence of spinal 
disease only; good prognosis

Peripheral Nerve Tumors (Approximately 8% of Primary Brain Tumors)
Vestibular schwannoma 

(acoustic neuroma)
Cerebellopontine angle; 

benign; encapsulated; 
seen in association with 
neurofi bromatosis, type 2

Decreased hearing; 
tinnitus; balance 
problems; may have 
other cranial nerve 
defi cits

Curable with surgery; excellent prognosis; 
cranial nerve defi cits may be permanent 
or temporary; affect quality of life
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Classifi cation/Grade Description Symptoms Treatment/Prognosis

Meningeal Tumors (Approximately 30% of Primary Brain Tumors)
Meningioma Composed of arachnoid 

cells; attached to 
dura; usually benign; 
well circumscribed; 
may be vascular; 
common locations: falx 
convexity; olfactory 
groove; sphenoid ridge; 
parasellar region; optic 
nerve

Headaches may occur 
from dural stretching; 
seizures and focal 
neurologic signs

Degree of resection (and recurrence) 
associated with location; excellent 
prognosis with gross total resection; 
atypical and malignant meningiomas 
have more aggressive features and less 
favorable outcomes

Lymphomas and Hematopoietic Tumors (Approximately 3% of Primary Brain Tumors)
Malignant central nervous 

system lymphoma
Arise in central nervous 

system without systemic 
lymphoma; commonly 
suprasellar; diffuse 
brain infi ltration; may be 
periventricular and may 
involve leptomeninges; 
solitary or multiple

Neurologic or 
neuropsychiatric 
symptoms

Diagnosis commonly via stereotactic biopsy 
or cerebrospinal fl uid (CSF) cytology; 
steroids may decrease or temporarily 
obliterate lesion on computed tomography 
(CT) or magnetic resonance imaging 
(MRI); RT with or without chemotherapy; 
high-dose methotrexate used as single 
agent; some studies defer RT; increasing 
incidence in immunocompetent persons; 
decreasing in AIDS patients; possible 
improved survival with newer treatments

Sellar Tumors (Approximately 7% of Primary Brain Tumors)
Pituitary adenoma 6.3% of sellar tumors; 

benign; originate from 
adenohypophysis; 
classifi cation by 
hormonal content; 
microadenoma less 
than or equal to 1 cm; 
macroadenoma greater 
than or equal to 1 cm

Hypersecretion

• Prolactin: amenorrhea, 
galactorrhea

• Growth hormone: 
acromegaly

• Adrenocorticotropic 
hormone: Cushing’s 
syndrome

• Thyroid-stimulating 
hormone: 
hyperthyroidism (rare)

Hyposecretion caused by 
compression of the 
pituitary gland

Visual fi eld defi cits 
(bitemporal 
hemianopia); 
headache; pituitary 
apoplexy: acute 
hemorrhage or infarct 
of gland—emergency 
treatment indicated

Surgical: transsphenoidal for approximately 
95% of surgical cases; medical: 
appropriate in some cases of prolactin-
secreting and growth hormone–secreting 
tumors; RT for recurrence or for 
hypersecretory tumors, when medical 
management has failed

Craniopharyngioma Benign, calcifi ed, cystic 
tumors

Endocrine abnormalities; 
visual impairment; 
cognitive and/or 
personality changes; 
may have 
increased ICP

Gross total resection affects prognosis; 
RT for residual tumor

Metastatic Tumors (Occur in 20–40% of Cancer Patients)
Originate from primary 

systemic tumors; 
discrete, round, ring-
enhancing; 50% are 
solitary; lung and breast 
are most common 
primary sites

Symptoms are location 
dependent

Prognosis dependent on number of tumors, 
tumor location, systemic disease, and 
patient age; improved prognosis with 
gross total resection and RT
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neurological defi cits, family involvement in this 
discussion is useful. The physical examination aids 
in further localizing the lesion. Focal neurological 
defi cits may be temporary (resulting from tumor 
compression) or permanent (resulting from tumor 
destruction) and are directly related to tumor loca-
tion (Fig. 23-4).

Imaging studies such as CT and MRI are typi-
cally ordered to localize the lesion and assess the 
amount of edema and mass effect on surround-
ing structures. MRI is the preferred diagnostic 
tool because it shows tumors in three dimensions 
(axial, coronal, and sagittal). An electroencephalo-
gram (EEG) is used to confi rm the presence of sei-
zure activity, which may be useful in determining 

Assessment
A patient with a brain neoplasm may present with 
one or more general or focal signs or symptoms. 
The most common general signs and symptoms 
of brain tumors are related to increasing ICP and 
include headaches, seizures, nausea with or with-
out vomiting, papilledema, mental status changes, 
and cognitive changes. History taking and symp-
tom evaluation contribute to the accurate diag-
nosis of a brain tumor. Of signifi cance are the 
duration, frequency, and severity of symptoms, as 
well as whether the symptoms occur at a particular 
time of day or following certain activities. Because 
patients may minimize or be unaware of subtle 

Hypothalamus

• Diabetes insipidus
• Temperature control loss

Frontal lobe

• Expressive aphasia
• Contralateral seizures and
   motor weakness
• Personality and
   behavorial changes

Subfrontal lobe

• Smell loss

Temporal lobe

• Auditory hallucinations
• Impaired memory
   (with bilateral tumor)
• Personality changes
• Psychomotor seizures
• Visual field deficits
• Receptive aphasia
• Dysarthria

Pituitary

• Amenorrhea
• Cushingoid signs and
   symptoms
• Galactorrhea
• Impotence
• Visual field deficits

Pons

• Ipsilateral facial or
   forehead sensation loss
• Corneal reflex loss
• Ipsilateral inability to gaze
   outward
• Ipsilateral facial muscle drooping

Midbrain

• Ptosis
• Diplopia
• Dilated pupil
• Inability to gaze up,
   down, or inward (all
   ipsilateral)

Parietal lobe

• Dyslexia
• Position sense loss
• Perceptual problems
• Contralateral sensory
   disturbances
• Visual field deficits

Occipital lobe

• Visual agnosia
   (inability to name objects)
• Visual field deficits

Cerebellopontine angle

• Ipsilateral facial muscle
   drooping
• Tinnitus
• Hearing loss
Cerebellum

• Disturbed gait
• Impaired balance
• Incoordination

Medulla

• Difficulty swallowing
• Gag and cough reflex
   loss
• Hoarseness
• Projectile vomiting
• Inability to shrug shoulders
   or turn head toward tumor side
• Tongue protrusion (deviating
   toward tumor side)
• Respiratory pattern changes

(left side)

F I G U R E  2 3 - 4  Site-specifi c signs and symptoms of brain tumors.

Morton_Chap23.indd   328Morton_Chap23.indd   328 2/4/2012   3:22:36 PM2/4/2012   3:22:36 PM



Common Neurosurgical and Neurological Disorders C H A P T E R  2 3 329

agents administered orally or intravenously can 
cause systemic toxicities and often cannot cross the 
blood–brain barrier in suffi cient amounts to provide 
benefi t. Alternatively, a biodegradable polymer wafer 
that delivers a continuous infusion of a chemothera-
peutic agent over a period of 2 to 3 weeks may be 
placed in the tumor resection cavity at the time of 
craniotomy. Alternatively, chemotherapy may be 
given in conjunction with radiation or at the time of 
tumor recurrence.

Cerebral Hemorrhage
Cerebral hemorrhage may be caused by a ruptured 
cerebral aneurysm or arteriovenous malformation 
(AVM).

Cerebral Aneurysm
Cerebral aneurysms may be congenital or degen-
erative arterial lesions. Most aneurysms arise in the 
anterior circulation of the circle of Willis (Fig. 23-5). 
In the posterior circulation, the most common loca-
tions are the basilar artery tip and the posterior infe-
rior cerebellar artery.10 Symptoms occur when the 
aneurysm ruptures and bleeds into the subarachnoid 
space or becomes large enough to exert pressure 
on surrounding brain structures (giant intracranial 
aneurysm).

Pathophysiology
As the intimal layers of the vessel weaken, high-
velocity blood fl ow begins to create a whirlpool 
effect, stretching the wall of the vessel. As the wall of 
the vessel expands, it becomes progressively weaker 
and may eventually rupture. Hemorrhage from an 
aneurysm usually occurs into the subarachnoid 
space. The force of the rupturing vessel can be so 
great that it can push blood into the brain tissue, 
causing an intracerebral hematoma.

Approximately 20% to 40% of patients with rup-
tured cerebral aneurysms die before receiving medi-
cal care. Of those who survive the initial bleeding, 
35% to 40% bleed again if left untreated, with a 
mortality rate of about 42%. Rebleeding most often 
occurs within the fi rst 24 to 48 hours.

Assessment
Approximately half of patients have some warning 
signs before an aneurysm ruptures, including head-
ache; lethargy; neck pain; a “noise in the head;” and 
optic, oculomotor, or trigeminal cranial nerve dys-
function. When an aneurysm ruptures and bleeds 
into the subarachnoid space, patients typically 
report experiencing a horrifi c headache, typically 
described as “the worst headache of their life.” Other 
signs and symptoms of a ruptured aneurysm or aneu-
rysms that present with mass effect include nausea, 
vomiting, focal neurologic defi cits, and coma. Signs 
of meningeal irritation include a stiff and painful 

whether anticonvulsants are needed. Magnetic 
resonance angiography (MRA) images the vascu-
lar anatomy and vessels that feed certain tumors. 
Functional MRI (fMRI) is used to functionally 
map areas of the brain, and is often ordered when 
the tumor is located in the dominant hemisphere 
or motor strip as part of the preoperative assess-
ment of language, motor, and sensory function 
in relation to tumor location. Positron emission 
tomography (PET) is used to differentiate low-
grade from high-grade (and more metabolically 
active) tumors. PET is also used in previously 
treated patients to differentiate radiation necrosis 
from high-grade tumors.

Defi nitive diagnosis can only be achieved by 
obtaining a tissue sample for histopathological eval-
uation. Tissue samples may be obtained using stereo-
tactic biopsy (Box 23-3) or craniotomy. Stereotactic 
biopsy entails localizing the tumor (using CT or MRI 
to establish entry points), drilling a small hole in the 
skull, and passing a needle through to the tumor 
to obtain tissue or fl uid for sampling. Craniotomy 
provides for both defi nitive diagnosis and surgical 
resection of the lesion.

Management
When possible, craniotomy may be performed 
to resect the tumor. In some cases, angiography 
and embolization are performed within 24 to 48 
hours of surgery for highly vascular tumors such 
as meningiomas. Surgical complications may be 
severe and require critical care monitoring and 
management (Table 23-5). Postoperative nurs-
ing responsibilities include frequent monitoring 
of neurological status and vital signs, incision 
care, ICP monitoring (if present), and airway 
management.

Some tumors are managed with surgery only, 
whereas other brain tumors are treated with adju-
vant therapies, either because they are not able to 
be surgically resected or because their aggressive 
nature precludes complete resection. For most brain 
tumors, radiation therapy is the fi rst-line treatment 
after biopsy or craniotomy. Chemotherapy may 
also be administered. However, chemotherapeutic 

B O X  2 3 - 3   Possible Indications for 
Stereotactic Biopsy

• Suspected tumor that is too small or deep for surgi-
cal removal

• Tumors located in eloquent areas of the brain
• Tumors crossing the corpus callosum
• Multiple nonresectable tumors
• Evaluation of therapeutic effect of previous 

treatments
• Patient who is a poor surgical candidate
• Patient preference for less-invasive treatment
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TA B L E  2 3 - 5 Critical Care Management of the Patient With Brain Tumor Complications

Diagnosis Management

Increased intracranial 
pressure (ICP)

• Corticosteroids
• IV fl uids (avoid hypotonic solutions)
• Elevate head of bed and maintain adequate body alignment
• Avoid hypotension and control hypertension; arterial line useful
• Keep well oxygenated; may need to intubate
• Judicious use of mannitol to expand plasma volume and draw fl uid out of the brain
• Sedation to reduce activity and decrease hypertension
• Intraventricular catheter may be necessary to monitor ICP and drain cerebrospinal fl uid (CSF)
• Cautious use of mild hyperventilation for short periods only if persistent elevated ICP
• Surgical intervention may be required for hematoma

Wound infection, 
intracranial abscess, 
or bone fl ap infection

• Bloodwork, including complete blood count (CBC) and blood cultures
• Computed tomography (CT) scan, magnetic resonance imaging (MRI), and in some cases 

magnetic resonance spectroscopy to identify abscess
• Surgical removal of abscess or bone fl ap, when feasible
• Appropriate wound cultures, when possible
• Antibiotic therapy
• Infectious disease consultation for appropriate drug, dose, and duration

Hyponatremia or 
hypernatremia

• Evaluate for possible diabetes insipidus, syndrome of inappropriate antidiuretic hormone 
(SIADH) secretion, or cerebral salt-wasting syndrome

• For hyponatremia: fl uid restriction and diuresis (SIADH only), administration of hypertonic saline
• For hypernatremia: fl uids, vasopressin (for diabetes insipidus)

Intracranial hemorrhage • Immediate CT scan to evaluate for early signs of intracranial bleeding
• Monitor blood pressure
• Check laboratory values: prothrombin time (PT), partial thromboplastin time (PTT), platelets
• Management of increased ICP
• May need to intubate and ventilate
• Surgery may be necessary to remove blood clot

Thromboembolism: deep 
venous thrombosis 
(DVT) and pulmonary 
embolism

• Heparinization only after CT scan has ruled out intracranial bleeding; alternatively, vena cava 
fi lter (Greenfi eld fi lter) may be used

• Mechanical compression devices used instead of anticoagulants in patients at high risk for 
intracerebral hemorrhage

Seizures • Monitor for seizures
• Protect patient from injury
• Administer antiepileptics
• Monitor therapeutic levels

Gastric ulceration • Histamine type 2 receptor (H2) blockers or proton pump inhibitors (to prevent gastrointestinal 
symptoms associated with long-term corticosteroid use)

Courtesy of Michael Torbey.

neck, photophobia, blurred vision, irritability, fever, 
positive Kernig’s sign (pain in the neck when the 
thigh is fl exed and the leg is extended at the knee), 
and positive Brudzinski’s sign (involuntary fl exion of 
the knees when the neck is fl exed toward the chest). 
Aneurysms are graded according to their severity on 
the Hunt and Hess scale (Table 23-6).11

The diagnosis of a cerebral aneurysm usually is 
made on the basis of history, physical examination, 
and various diagnostic studies. A CT scan reveals 
subarachnoid hemorrhage in most cases when 
it is obtained within 24 hours of the hemorrhage. 
A lumbar puncture may reveal blood in the CSF, but 
carries the risk of herniation from increased ICP. 
Cerebral angiography studies, including CT angi-
ography, MRA, and digital subtraction angiography 
(DSA) may be used to determine the source of sub-
arachnoid hemorrhage. Although all of these stud-
ies can determine vascular anatomy, DSA is the gold 
standard if surgery is planned.10

Management
Surgery is generally performed 24 to 48 hours after 
the bleed occurs to prevent a rebleed. Surgical clip-
ping (placement of a titanium clip across the neck of 
the aneurysm) may be considered if the aneurysm 
is in an accessible area (Fig. 23-6). Surgical compli-
cations include intraoperative aneurysm rupture, 
incomplete clipping, and accidental clipping of sur-
rounding vessels. Some aneurysms are managed 
using a technique called coiling. This technique 
uses soft thrombogenic platinum alloy microcoils, 
which are introduced into the aneurysm using 
the femoral artery and fl uoroscopic equipment. 
The coil is advanced through the catheter into the 
aneurysm sac and detached. The coil occludes the 
aneurysm and separates it from the cerebral circu-
lation. The risk for hemorrhage or rehemorrhage is 
decreased with coiling.12 Complications associated 
with coiling include embolic stroke, coil migration, 
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Anterior
communicating
artery

Anterior
cerebral
artery

Basilar
artery

Middle cerebral
artery

Internal carotid
artery

Posterior 
communicating 
artery

Superior cerebellar
artery

Vertebral artery

Posterior inferior
cerebellar artery

F I G U R E  2 3 - 5  Circle of Willis with common aneu-
rysm sites (ventral view of the brain).

TA B L E  2 3 - 6 Hunt and Hess Grading Scale for 
Aneurysms

Grade 0 Unruptured aneurysm
Grade I Asymptomatic

Minimal headache
Slight nuchal rigidity (neck stiffness)

Grade II Moderate to severe headache
Nuchal rigidity
Cranial nerve defi cits

Grade III Lethargy
Mental confusion
Mild focal neurological defi cit

Grade IV Stupor
Moderate to severe motor defi cit
Possible posturing

Grade V Deep coma
Posturing
Declining appearance

Adapted from Mower-Wade D, Cavanaugh MC, Bush C: Protecting 
a patient with ruptured cerebral aneurysm. Nursing 31(2):52–58, 
2001.

failure to obliterate the aneurysm, and aneurysm 
rupture.

Preoperative Care
Before surgical repair, minimal stimulation of 
the patient is required to prevent rebleeding. 
Precautionary measures include providing a quiet 
environment, establishing a bowel regimen to pre-
vent straining (Valsalva maneuver), managing blood 
pressure, providing sedation, and limiting visitors.10 

Analgesics can be used to relieve headaches. An 
antipyretic (usually acetaminophen) and hypother-
mia blankets can be used to manage fever, caused by 
blood in the subarachnoid space. Antihypertensive 
medications may be used to manage blood pres-
sure before procedures or surgery. Plasma volume 
should not be allowed to decrease. Hyponatremia, 
usually associated with cerebral salt-wasting syn-
drome rather than SIADH, is managed with sodium 
replacement and euvolemia.13

Postoperative Care
Vasospasm usually occurs 3 to 12 days after a 
subarachnoid hemorrhage, with peak incidence 
between days 7 and 10. Vasospasm can cause a 
large area of brain ischemia or infarction, resulting 
in severe neurological defi cits. Monitoring trends 
in fl ow velocity using transcranial Doppler (TCD) 
allows prompt identifi cation of patients at risk for 
developing vasospasm. In addition, the results of 
the neurological examination can be correlated with 
TCD fi ndings for prompt diagnosis and treatment of 
vasospasm.

RED FLAG! Signs and symptoms of vasospasm, 
resulting from decreased cerebral blood fl ow, may 
include changes in level of consciousness, 
headache, language impairment, hemiparesis, and 
seizures. 

Strategies to prevent vasospasm include the 
administration of nimodipine (a calcium channel 
blocker) to dilate the small pial vessels, and “triple 
H” therapy (ie, hypervolemia, hemodilution, and 
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F I G U R E  2 3 - 6  Aneurysm clipping. (Courtesy of Rafael Tamargo, MD, and Richard Clatterbuck, MD, Johns 
Hopkins University, Baltimore, MD.)

induced hypertension). “Triple H” therapy is the 
standard for the prevention and treatment of vaso-
spasm.14 Hypervolemia causes the cerebral vessels 
to dilate and the mean arterial pressure (MAP) to 
increase, thereby improving cerebral perfusion pres-
sure (CPP), decreasing blood viscosity, and increas-
ing regional cerebral blood fl ow. The patient’s 
hematocrit level is maintained between 30% and 
33%. Hypervolemia and hemodilution are accom-
plished by volume expansion, using both IV col-
loid and crystalloid solutions. During this therapy, 
the patient is monitored for pulmonary edema and 
heart failure. Vasopressors are used to induce hyper-
tension. The objective is to maintain systolic blood 
pressure at greater than 20 mm Hg over normal or to 
raise the patient’s blood pressure to the point where 
the neurological defi cit improves. When conven-
tional medical therapy is ineffective, acute arterial 
vasospasm can be managed by intra-arterial anti-
spasmodic administration or by balloon angioplasty, 
which mechanically dilates and improves cerebral 
blood fl ow through the major arterial segments.

Another complication after aneurysmal rupture is 
hydrocephalus. When there is blood in the subarach-
noid space, the red blood cells can occlude the fl ow 
of CSF or obstruct reabsorption of CSF through the 
arachnoid villi. A ventriculoperitoneal shunt may 
need to be placed to drain CSF into the peritoneal 
cavity and resolve the hydrocephalus.

Arteriovenous Malformation
Arteriovenous malformations (AVMs) are con-
genital vascular lesions consisting of a “tangle” of 

dilated arteries and veins without a capillary system. 
Because blood is shunted directly from the arterial 
to the venous circulation without a capillary bed, 
there is less resistance, and AVMs receive signifi cant 
blood fl ow. The arteries and veins enlarge to carry 
this increased fl ow, and their walls are characteristi-
cally quite thin. Although they are found through-
out the central nervous system, approximately 90% 
of AVMs are located in the cerebrum. Of these, the 
most common locations are the frontal and tempo-
ral lobes, most often supplied by the middle cerebral 
artery (MCA).15 AVMs typically enlarge with age; the 
condition is most often diagnosed in patients in 
their thirties.

Assessment
Hemorrhage, the most common presenting sign of 
AVMs, may occur in the subarachnoid, intracere-
bral, or subdural space. In cases in which the patient 
has both an AVM and an aneurysm, the aneurysm 
is more likely to be the cause of hemorrhage.15 
Other presenting signs include seizure, headache, 
increased ICP, neurological defi cits referable to the 
location of the lesion, bruit, and visual symptoms.

CT and MRI are used to identify an AVM and dif-
ferentiate it from tumors and other brain lesions. 
Three-dimensional imaging is useful in establish-
ing the malformation in relation to the surrounding 
anatomy. Angiography (eg, MRA) is used primarily 
to evaluate the feeding and draining vessels. fMRI 
is useful for identifying the AVM in relation to elo-
quent areas of the brain (ie, the sensory, motor, 
speech, and visual areas).
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Pathophysiology
When blood fl ow to any part of the brain is impeded 
as a result of a thrombus or embolus, oxygen depri-
vation can lead to ischemia and eventually to infarc-
tion (necrosis) of the cerebral tissue. If the neurons 
are ischemic only and have not yet infarcted, the 
injury may be reversible. However, necrosis is irre-
versible. The necrotic zone is surrounded by an 
ischemic zone called the penumbra. The goal of 
acute stroke management is to salvage the ischemic 
penumbra. Without prompt intervention, the entire 
ischemic penumbra can eventually become an 
infarcted region.17 Damage to the brain tissue may 
also result from localized vasogenic cerebral edema, 
which forms around the penumbra.

Assessment
A stroke is usually characterized by the sudden 
onset of focal neurological impairment. Specifi c 
manifestations depend on the anatomical location 
of the lesion. Common signs and symptoms include 
weakness, numbness, visual changes, dysarthria, 
dysphagia, or aphasia. It is important to obtain a 
description of the neurological event; the onset and 
progression of symptoms; and whether the symp-
toms are the same as at the time of onset,  worsening, 
resolving, or completely gone. The pattern of symp-
toms can help determine the diagnosis and iden-
tify possible vascular involvement. The National 
Institutes of Health Stroke Scale (NIHSS) may be 
used in conjunction with the neurologic assessment 
to assign a score indicating the severity of the stroke 
(Table 23-8).17

Management
Management is based on the patient’s age, medical 
condition, and symptoms; the fl ow associated with 
the malformation; whether or not there is a his-
tory of hemorrhage; and the location of the lesion. 
Table 23-7 summarizes treatment options.

Stroke 
A stroke is a disruption of blood fl ow to a region 
of the brain that is sudden in onset and results in 
permanent damage. Approximately 75% of strokes 
in the United States are due to vascular obstruction 
(thrombi or emboli). As in myocardial infarction, 
a stroke-inducing thrombosis is frequently caused 
by an atherosclerotic plaque rupture. An embolus 
may be a result of blood clots (frequently seen in 
association with atrial fi brillation), fragments of 
atheromatous plaques, lipids, or air. The remain-
ing 25% of strokes are hemorrhagic, resulting from 
hypertensive vascular disease (which causes an 
intracerebral hemorrhage), a ruptured aneurysm, 
or an AVM.

RED FLAG! Early recognition and prompt 
entry into the emergency medical system are 
essential to reduce death and disability from stroke. 
Delay in seeking medical care may eliminate the 
potential for tissue-saving thrombolytic therapy. 
The “time to needle”—the time from symptom 
onset (ie, the time the patient was last seen well) to 
administration of thrombolytic therapy—is 3 to 
4.5 hours.16 

TA B L E  2 3 - 7 Management of Arteriovenous Malformations (AVMs)

Procedure Indication Outcome
Potential 
Complications Comments

Surgery Surgically accessible 
location; smaller 
lesion

Removal of lesion
Decreased risk for 

bleeding
Improved seizure 

control

Cerebral edema; 
hemorrhage; 
neurological 
defi cits

Inpatient hospital stay required
Preoperative propranolol 

believed to minimize 
postoperative bleeding and 
edema

Maintain mean arterial pressure 
(MAP) of 70–80 mm Hg 
perioperatively

Stereotactic 
radiosurgery

Small lesion (less than 
or equal to 3 cm)

May be used as part 
of multimodality 
treatment, or when 
surgery is not 
indicated

Reduction in size of 
lesion

Continued risk for 
bleeding for 
2–3 y

Noninvasive
Outpatient, no recovery period
Multiple treatments may be 

required and complete 
obliteration may take years

Embolization Useful for larger lesions
Used to facilitate 

other therapies 
(surgery; radiation) 
by reducing size of 
lesion

Reduction in size of 
lesion

Short hospital stay

Stroke, 
hemorrhage

Not usually curative
May need more than one 

procedure
Need to wait days or weeks 

before surgery or radiation 
therapy
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TA B L E  2 3 - 8 National Institutes of Health Stroke Scale (NIHSS)

Instructions Scale Defi nition

1a. Level of Consciousness: The investigator must 
choose a response if a full evaluation is prevented 
by such obstacles as an endotracheal tube, 
language barrier, orotracheal trauma/bandages.

0 = Alert; keenly responsive.
1 = Not alert; but arousable by minor stimulation.
2 = Not alert; requires repeated stimulation to attend.
3 = Responds only with refl ex motor or autonomic effects or 

totally unresponsive, fl accid, and arefl exic.
1b. LOC Questions: The patient is asked the month 

and his/her age. The answer must be correct - 
there is no partial credit for being close.

0 = Answers both questions correctly.
1 = Answers one question correctly.
2 = Answers neither question correctly.

1c. LOC Commands: The patient is asked to open 
and close the eyes and then to grip and release 
the non-paretic hand. Substitute another one-step 
command if the hands cannot be used.

0 = Performs both tasks correctly.
1 = Performs one task correctly.
2 = Performs neither task correctly.

 2. Best Gaze: Only horizontal eye movements will be 
tested. Voluntary or refl exive (oculocephalic) eye 
movements will be scored, but caloric testing is 
not done.

0 = Normal.
1 = Partial gaze palsy; gaze is abnormal in one or both eyes.
2 = Forced deviation, or total gaze paresis not overcome by 

the oculocephalic maneuver.
 3. Visual: Visual fi elds (upper and lower quadrants) 

are tested by confrontation, using fi nger counting 
or visual threat, as appropriate.

0 = No visual loss.
1 = Partial hemianopia.
2 = Complete hemianopia.
3 = Bilateral hemianopia (blind including cortical blindness).

 4. Facial Palsy: Ask – or use pantomime to 
encourage – the patient to show teeth or raise 
eyebrows and close eyes.

0 = Normal symmetrical movements.
1 = Minor paralysis (fl attened nasolabial fold, asymmetry on 

smiling).
2 = Partial paralysis (total or near-total paralysis of lower face).
3 = Complete paralysis of one or both sides (absence of facial 

movement in the upper and lower face).
 5. Motor Arm: The limb is placed in the appropriate 

position: extend the arms (palms down) 90 
degrees (if sitting) or 45 degrees (if supine). Drift is 
scored if the arm falls before 10 seconds.

5a. Left Arm
5b. Right Arm

0 = No drift; limb holds position for full 10 seconds.
1 = Drift; limb holds position, but drifts down before full 10 

seconds; does not hit bed or other support.
2 = Some effort against gravity; limb cannot get to or 

maintain (if cued) position, drifts down to bed, but has some 
effort against gravity.

3 = No effort against gravity; limb falls.
4 = No movement.
UN = Amputation or joint fusion.

 6. Motor Leg: The limb is placed in the appropriate 
position: hold the leg at 30 degrees (always tested 
supine). Drift is scored if the leg falls before 5 
seconds.

6a. Left Leg
6b. Right Leg

0 = No drift; leg holds position for full 5 seconds.
1 = Drift; leg falls by the end of the 5-second period but does 

not hit bed.
2 = Some effort against gravity; leg falls to bed by 5 seconds, 

but has some effort against gravity.
3 = No effort against gravity; leg falls to bed immediately.
4 = No movement.
UN = Amputation or joint fusion.

 7. Limb Ataxia: The fi nger-nose-fi nger and heel-shin 
tests are performed on both sides with the eyes 
open.

0 = Absent.
1 = Present in one limb.
2 = Present in two limbs.
UN = Amputation or joint fusion.

 8. Sensory: Sensation or grimace to pinprick when 
tested, or withdrawal from noxious stimulus in the 
obtunded or aphasic patient.

0 = Normal; no sensory loss.
1 = Mild-to-moderate sensory loss; patient feels pinprick is 

less sharp or is dull on the affected side; or there is a loss of 
superfi cial pain with pinprick, but patient is aware of being 
touched.

2 = Severe to total sensory loss; patient is not aware of being 
touched in the face, arm, and leg.

 9. Best Language: The patient is asked to describe 
what is happening in a picture, to name the items 
on a naming sheet, and to read from a list of 
sentences.

0 = No aphasia; normal.
1 = Mild-to-moderate aphasia; some obvious loss of fl uency 

or facility of comprehension, without signifi cant limitation on 
ideas expressed or form of expression.

2 = Severe aphasia; all communication is through fragmentary 
expression; great need for inference, questioning, and 
guessing by the listener.

3 = Mute, global aphasia; no usable speech or auditory 
comprehension.
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Early Management
The focus of initial treatment is to save as much of 
the ischemic area as possible. Two emergency treat-
ments are available for stroke management: throm-
bolytic therapy and interventional radiology.

Thrombolytic Therapy
Thrombolytic agents (eg, t-PA) dissolve clots and 
permit reperfusion of the brain tissue. The history, 
neurological examination, NIHSS score, and results 
of neuroimaging studies assist the physician with the 
decision to offer thrombolytic therapy. Eligibility cri-
teria for thrombolytic therapy are given in Box 23-4. 
A major risk of this therapy is intracerebral hemor-
rhage. If the patient is a candidate for thrombolytic 
therapy, the systolic blood pressure is maintained at 
less than 185 mm Hg to the lower risk of hemorrhage. 
When t-PA is given, 10% of the total dose (0.9 mg/kg, 
not to exceed 90 mg) is administered as an IV bolus 
over 1 to 2 minutes, with the remainder infused over 
60 minutes. No other antithrombotic or antiplatelet 
therapy is given for the next 24 hours.

Interventional Radiology
Interventional radiology techniques include intra-
arterial thrombolysis (ie, the direct administration 
of t-PA to the site of the clot via the femoral artery) 
and the use of mechanical clot removal devices 
(eg, the mechanical embolus removal for cerebral 
ischemia, or MERCI retriever).

• Intra-arterial thrombolysis can be given up to 
6 hours after the onset of symptoms. Angiography 
is required, and the patient must be admitted or 
transferred to a specialty center equipped to per-
form the procedure.

• Mechanical clot removal entails the use of a 
device that typically works like a corkscrew to 
snare and remove the embolus. Mechanical clot 
removal can be performed up to 8 hours after 
symptom onset and even longer if obstruction 
involves the basilar artery. Eligibility criteria for 
mechanical clot removal are given in Box 23-5. 
Potential complications include bleeding and vas-
cular dissection or perforation; close monitoring 

Although an area of infarction may not show on 
the CT scan for 12 to 24 hours, an urgent noncon-
trast CT scan (obtained within 1 hour of arrival in 
the emergency department) is performed to rule 
out intracerebral hemorrhage and facilitate treat-
ment decisions. Diffusion-weighted imaging (DWI) 
and perfusion-weighted imaging (PWI) are also 
frequently used to evaluate the patient with acute 
ischemic stroke. DWI and PWI are MRI-based 
techniques that help identify the infarct core and 
penumbra, which is important because the pres-
ence of viable tissue directs interventions such as 
reperfusion. DWI can reveal changes associated 
with infarcted tissue a few hours after the onset 
of symptoms (hours before a CT scan or conven-
tional MRI can detect any abnormality). PWI 
shows the regional abnormalities of cerebral blood 
fl ow. Cerebral angiography, traditionally the gold 
standard for evaluating cerebral vasculature, can 
demonstrate an arterial occlusion or embolus, 
but because of the time that it takes to perform 
cerebral angiography, the window of opportunity 
to treat a patient with IV thrombolytics may be 
missed. Alternative studies, such as MRA and CTA, 
are used to view vasculature and are faster and less 
invasive. An electrocardiogram (ECG) is obtained 
to assess for evidence of dysrhythmia (eg, atrial 
fi brillation).

Management
The management of an ischemic stroke has four 
primary goals: restoration of cerebral blood fl ow 
(reperfusion), prevention of recurrent thrombosis, 
neuroprotection, and supportive care. If the patient 
is a candidate for IV thrombolytic therapy, treatment 
with tissue plasminogen activator (t-PA) begins in 
the emergency department, and the patient is then 
moved to the critical care unit for further monitor-
ing. If the patient is not a candidate for thrombolytic 
therapy, the complexity of the patient’s problems 
determines whether the patient is transferred to the 
critical care unit, a medical unit, or a stroke spe-
cialty unit for ongoing care.

Instructions Scale Defi nition

10. Dysarthria: An adequate sample of speech is 
obtained by asking patient to read or repeat words 
from a list.

0 = Normal.
1 = Mild-to-moderate dysarthria; patient slurs some words 

and can be understood with some diffi culty.
2 = Severe dysarthria; patient’s speech is so slurred as to be 

unintelligible in the absence of or out of proportion to any 
dysphasia, or is mute/anarthric.

UN = Intubated or other physical barrier.
11. Extinction and Inattention (formerly Neglect): 

Suffi cient information to identify neglect may be 
obtained during the prior testing.

0 = No abnormality.
1 = Visual, tactile, auditory, spatial, or personal inattention 

or extinction to bilateral simultaneous stimulation in one of 
the sensory modalities.

2 = Profound hemi-inattention or extinction to more than 
one modality; does not recognize own hand or orients to 
only one side of space.
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B O X  2 3 - 4   Eligibility Criteria for Intravenous Thrombolytic Therapy

Inclusion Criteria
• Time since symptom onset less than 3 or up to 4.5 hours
• Clinical diagnosis of ischemic stroke with measur-

able defi cit on the National Institutes of Health Stroke 
Scale (NIHSS)

• Patient older than 18 years

Exclusion Criteria
• Stroke or serious head trauma within past 3 months
• Systolic blood pressure sustained greater than 

185 mm Hg or diastolic blood pressure greater than 
110 mm Hg, or blood pressure readings that require 
aggressive treatment

• Conditions that suggest or could precipitate parenchy-
mal bleeding: subarachnoid or intracerebral hemor-
rhage; recent-onset myocardial infarction; seizures 

at onset; major surgery within past 14 days; gastroin-
testinal or urinary tract hemorrhage within previous 
21 days; or arterial puncture of a noncompressible site 
or lumbar puncture within previous 7 days

• Glucose less than 50 mg/dL or more than 400 mg/dL; 
international normalized ratio (INR) more than 1.7; 
platelet count less than 100,000/mm3

• Rapidly improving or deteriorating neurological signs 
or minor symptoms

• Recent myocardial infarction
• Treatment with IV or subcutaneous heparin within 

past 48 hours and elevated partial thromboplastin 
time (PTT)

• Positive pregnancy test result

Adapted from Hock NH: Brain attack: The stroke continuum. Nurs Clin North Am 34(3):718, 1999.

is required for 24 hours following the procedure to 
detect adverse effects.

Ongoing Management
A collaborative care guide for the patient who has 
had a stroke is given in Box 23-6. Supportive care 
measures include the following:

• Anticoagulation therapy. Antithrombotic and 
antiplatelet agents (eg, warfarin) may be admin-
istered to prevent future thrombotic or embolic 
events.

• Control of hypertension. Patients with moder-
ate hypertension usually are not treated acutely. 
If the patient is not a candidate for thrombolytic 
therapy, the blood pressure is not treated unless it 

B O X  2 3 - 5   Eligibility Criteria for Mechanical 
Clot Removal

Inclusion Criteria
• Clinical diagnosis of ischemic stroke with aNational 

Institutes of Health Stroke Scale (NIHSS) score 
greater than 8

• Occlusion of the internal carotid artery, basilar 
artery, or vertebral artery on angiography

Exclusion Criteria
• Excessive vessel tortuosity
• Hemorrhagic tendency
• Blood glucose less than 50 mg/dL, elevated interna-

tional normalized ratio (INR), decreased platelets
• Sustained hypertension
• Large areas of hypodensity on computed tomogra-

phy (CT)
• Arterial stenosis proximal to the embolus on 

angiography

exceeds 220 mm Hg systolic or 120 mm Hg dia-
stolic because reducing blood pressure reduces 
the CPP and can cause infarction of the penum-
bra. When necessary, blood pressure is lowered 
gradually using short-acting IV antihypertensive 
agents.

• Control of ICP. Elevation of the ICP in a patient 
who has had a stroke, when it occurs, usually 
occurs after the fi rst day. Measures to lower ICP 
are described in Chapter 22.

• Control of blood glucose level. Hyperglycemia 
and hypoglycemia can have potentially deleterious 
effects in patients who have had a stroke. Glycemic 
control may be achieved with a continuous insulin 
infusion or a sliding-scale regimen.

Seizures
A seizure is an episode of abnormal and excessive 
discharge of cerebral neurons. It can result in altered 
sensory, motor, or behavioral activities and can be 
associated with changes in the level of conscious-
ness. Specifi c symptoms depend on the location of 
the discharge in the brain. The most common sites 
of seizure origin are the frontal and temporal lobes. 
The actual period of the seizure (the ictal period) 
may be followed by a postictal phase of lethargy and 
disorientation, which varies with the severity of the 
seizure. Classifi cation of seizure types is summa-
rized in Box 23-7.

Many patients requiring critical care will expe-
rience seizures. Patients may experience seizures 
secondary to conditions such as cerebral tumors, 
trauma, infection or fever, metabolic disturbances, 
or anoxia. Critical care nurses may also care for 
patients with intractable epilepsy who are under-
going testing or surgery to obtain seizure control 
(Table 23-9).
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B O X  2 3 - 6 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient with a Stroke

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
Adequate airway is 

maintained.
SpO2 is maintained within 

normal limits.
Atelectasis is prevented.

• Monitor breath sounds every shift.
• Check oxygen saturation every shift.
• Instruct patient to cough and deep breathe and use incentive spirometry q2h while 

awake.
• Assist with removal of airway secretions as needed.

 

Circulation/Perfusion
Patient is free of 

dysrhythmias.
• Monitor vital signs closely.
• Manage blood pressure carefully; avoid sharp drops in blood pressure that could 

result in hypotension and cause an ischemic event secondary to hypotension.
• During cardiac monitoring, identify dysrhythmias.
• Treat dysrhythmias to maintain adequate perfusion pressure and reduce chance of 

neurological impairment.
 

Neurological
Adequate CPP is maintained. • Obtain vital signs and perform a neurological assessment to establish a baseline and 

to monitor for the development of additional defi cits.
• Use the NIHSS for detection of early changes suggesting cerebral edema or exten-

sion of stroke.
• Position head of bed at 30 degrees to promote venous drainage.

Effective communication is 
established.

• Assess patient’s ability to speak and to follow simple commands.
• Arrange for consultation with speech–language pathologist to differentiate language 

disturbances.
• Use communication aids to enhance communication.
• Provide a calm, unrushed environment. Listen attentively to the patient. Speak in a 

normal tone.
 

Fluids/Electrolytes
Electrolytes are within 

normal limits.
• Monitor laboratory results, especially glucose.
• Monitor intake and output.

 

Mobility/Safety
Safety is maintained.
Complications of immobility 

are avoided.

• Initiate DVT precautions (eg, compression stockings, sequential compressive devices, 
subcutaneous heparin) as ordered.

• Perform fall risk assessment.
• Consult with physical therapy.
• Provide active or passive range-of-motion exercises to all extremities every shift.
• Establish splinting routine for affected limbs.
• Instruct patient in use of mobility aids and fall prevention strategies.
• For visual fi eld cuts, teach scanning techniques.

 

Skin Integrity
Patient is without evidence of 

skin breakdown.
• Perform skin assessment using the Braden scale.
• Provide pressure relief mattress as indicated by Braden scale.
• Turn and reposition q2h.
• Consult with wound nurse specialist for skin issues and concerns.

 

Nutrition
Patient has adequate caloric 

intake and does not 
experience decrease in 
weight from baseline.

Patient is free from 
aspiration.

• Obtain admission weight.
• Perform cranial nerve assessment (including ability to swallow) to identify defi cits.
• Obtain consultation from speech–language pathologist to determine whether oral 

intake of food and liquids is safe.
• Provide proper diet and assist with feeding as needed.
• Monitor calorie intake; implement calorie count, if necessary.
• Obtain dietary consultation to obtain recommendation for nutritional supplements.

(continued on page 338)
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B O X  2 3 - 6 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient with a Stroke ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Psychosocial
Support network is 

established.
• Assess for family support systems.
• Screen for poststroke depression.

 

Teaching/Discharge 
Planning
Risk factors are modifi ed.
Secondary preventive 

measures are taken.

• Provide education about blood pressure management.
• Provide information regarding modifi able risk factors and lifestyle changes to reduce 

the incidence of a secondary stroke.

B O X  2 3 - 7   Classifi cation of Seizure Types

Generalized: involves both hemispheres; loss of con-
sciousness; no local onset in the cerebrum
Tonic–clonic (grand-mal)—stiffening; forced expiration 

(cry); rhythmic jerking
Clonic—symmetrical, bilateral semirhythmic jerking
Tonic—sudden increased tone and forced expiration
Myoclonic—sudden, brief body jerks
Atonic (“drop attacks”)—sudden loss of tone; falls
Absence (petit mal)—brief staring, usually without 

motor involvement
Partial: involves one hemisphere

Simple partial seizure—no change in level of con-
sciousness; symptoms may be autonomic (eg, respira-
tory changes, tachycardia, fl ushing), psychic (eg, déjà 
vu), or cognitive

• Motor (includes Jacksonian)—frontal lobe
• Somatosensory—parietal lobe
• Visual—occipital lobe

Complex partial seizures—altered level of consciousness; 
with or without automatisms (eg, lip-smacking, swal-
lowing, aimless walking, verbalizations)—temporal lobe

• Simple partial seizure followed by change in level of 
consciousness, or

• Starts with change in consciousness

Partial seizure with secondary generalization—continu-
ous EEG monitoring may be necessary to differentiate 
from generalized seizures

• Simple partial → generalization
• Complex partial → generalization
• Simple partial → complex partial → generalization

Unclassifi ed

RED FLAG! Status epilepticus (continued 
seizure activity greater than 30 minutes) is a 
neurological emergency and requires immediate 
treatment.

Pathophysiology
Neurons in the brain possess an electrical charge that 
refl ects a balance between intracellular and extracel-
lular charged ions. The electrical activity of the neu-
ronal membrane is determined by the fl ow of ions 
(eg, sodium [Na+], potassium [K+], calcium [Ca2+], 
and chloride [Cl−]) between these spaces. If the per-
meability of the cells is altered, their excitability can 
change, making the neuron more likely to discharge.

Assessment
History taking begins with a description of the event 
by the patient or witnesses. This description should 
include

• What the patient was doing at the time of the 
seizure

• The duration of the seizure
• Unusual symptoms or behaviors before the seizure
• Specifi c features of the seizure (eg, movements, 

sensations, sounds, tastes, smells, incontinence)
• Level of consciousness during and after the sei-

zure (recall of the seizure)
• Duration and description of symptoms after the 

seizure

Also relevant are the patient’s sleep patterns, a his-
tory of alcohol or drug abuse, the patient’s past med-
ical history, a family history of seizure, the presence 
of possible seizure triggers (eg, menstruation, stress, 
fevers, metabolic disorders), and the circumstances 
surrounding seizures that have occurred in the past 
(ie, age of onset, symptoms, duration, frequency, 
similarities to present seizure).

In a patient who has not experienced seizures 
before, CT or MRI may be ordered to assess for a 
structural lesion. An EEG is obtained to screen for 
interictal seizure discharges (electrical abnormali-
ties present in between seizures) and to measure 
cerebral excitability. Often, continuous EEG moni-
toring, which captures ictal, postictal, and interictal 
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Classifi cation
Spinal cord injuries can be classifi ed by mechanism, 
type of vertebral injury, or level of injury.

Mechanism of Injury
Spinal cord injuries occur as a result of penetrating 
injury or blunt forces. Typical mechanisms of blunt 
injury are shown in Fig. 23-7.

• Hyperfl exion injuries are caused by a sudden 
deceleration of the head and neck, and are often 
seen in patients who have sustained trauma from 
a head-on MVC or diving accident. The cervical 
region is most often involved, especially at the 
C5–C6 level.

TA B L E  2 3 - 9 Management of Intractable Seizures

Procedure Indications Outcome
Potential 
Complications Comments

Temporal lobectomy: 
removal of 6 cm of 
temporal lobe in 
the nondominant 
hemisphere and 4–
5 cm in the 
dominant 
hemisphere

Intractable anterior 
temporal lobe 
seizures

Greater than 
5 years’ duration

Signifi cant 
quality-of-life 
compromise

60%–70% 
seizure free

20% greatly 
improved 
seizure 
control

Visual fi eld defects
Dysphasia (usually 

temporary)
Mild memory problems
Depression
Transient psychiatric 

disturbance
Infection
Bleeding

At 1 y postoperatively, 
it is expected that 
seizure status will 
not change

Medication 
management 
continues for 2–3 y 
postoperatively

Corpus callosotomy: 
transection of the 
corpus callosum (or 
anterior two thirds)

Severe secondarily 
generalized 
epilepsy; drop 
attacks

Reduced number 
of generalized 
seizures

Hemiparesis
Transient syndrome 

of mutism, urinary 
incontinence, 
and bilateral leg 
weakness

Many patients develop 
learning disabilities

Used when medical 
options have failed

Seizure-free periods 
usually temporary 
and occur in only 
5–10% of patients

Wada test or 
functional MRI (to 
evaluate side of 
brain responsible 
for speech 
and memory) 
recommended for 
left-handed patients

Vagal nerve stimulator: 
implanted 
programmable 
signal generator 
in the chest 
with stimulating 
electrodes to the left 
vagus nerve

Seizures (often 
partial) refractory 
to medication; 
used when 
resective surgery 
is not an option

Reduction in 
seizure 
frequency: 
high 
stimulation 
25%; low 
stimulation 
15%

Changes in voice
Dyspnea
Tingling in neck during 

stimulation
Rare cases of 

bradycardia or 
asystole

Does not generally 
resolve seizures

Deep brain stimulator: 
Electrodes 
placed in deep 
brain structures 
(thalamus, 
hippocampus, 
internal capsule) 
and programmed 
to activate when 
seizure activity is 
recorded

Uncontrolled 
epilepsy

Reduction in 
seizures

Bleeding
Infection
Neurological defi cits

Has been used 
for tremor in 
Parkinson’s disease

Relatively new use in 
refractory seizures 
with unknown long-
term outcomes

data, is used in the critical care unit to identify subtle 
or nonconvulsive seizures in critically ill patients.

Management
Goals of therapy are to maintain airway, breathing, 
and circulation; stop the seizure; stabilize the patient; 
and identify and treat the cause. Emergency manage-
ment of status epilepticus is summarized in Box 23-8.18

Spinal Cord Injury
Spinal cord injury is most common in young adults 
between the ages of 16 and 30 years. Common causes 
include MVCs, falls, sports, and acts of violence.
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B O X  2 3 - 8    Emergency Treatment of Status Epilepticus

Establish airway (with intubation, if necessary) and 
administer oxygen.

Stop seizures
• Benzodiazepines (lorazepam, 1 to 2 mg/min over 8 min 

or diazepam to total of 20 mg). These are short-acting 
drugs, and simultaneous loading with phenytoin at 
50 mg/min or fosphenytoin at equivalent of 150 mg 
phenytoin/min is necessary; may total 20 mg/kg.

• For persistent seizures, add 5 to 10 mg/kg phenytoin 
or phenobarbital at 50 to 100 mg/min to total of 
20 mg/kg.

Monitor electroencephalogram (EEG) and 
blood pressure
Identify cause. Diagnostic studies may include blood-
work (electrolytes; anticonvulsant levels; arterial blood 
gases; complete blood count; renal and liver function 
studies; coagulation studies; toxicology studies); CT; 
lumbar puncture if CNS infection is suspected.

Force

Ruptured
posterior
ligaments

Anterior
dislocation

Ruptured
anterior
ligament

ForceForce

Force

Force

Ruptured posterior
ligament complex

Fractured
vertebral body

A. Hyperflexion B. Hyperextension

C. Axial loading (compression) D. Rotational Injury

F I G U R E  2 3 - 7  Mechanisms of spinal cord injury. (From Hickey JV: Clinical Practice of Neurological and 
Neurosurgical Nursing, 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2009, pp 424–425.)

Morton_Chap23.indd   340Morton_Chap23.indd   340 2/4/2012   3:22:44 PM2/4/2012   3:22:44 PM



Common Neurosurgical and Neurological Disorders C H A P T E R  2 3 341

• Hyperextension injuries can be caused by a fall, a 
rear-end MVC (whiplash), or getting hit in the head 
(eg, during a boxing match). Hyperextension of the 
head and neck may cause contusion and ischemia of 
the spinal cord without vertebral column damage.

• Axial loading (compression) injuries typically 
occur when a person lands on the feet, buttocks, 
or head after falling, jumping, or diving from 
a height. Compression of the vertebral column 
causes a burst fracture that can result in damage 
to the spinal cord.

• Rotational injuries result from forces that cause 
extreme twisting or lateral fl exion of the head and 
neck. Fracture or dislocation of vertebrae may also 
occur.

Type of Vertebral Injury
Mechanical forces can result in fracture or dis-
location of vertebrae, or both. Box 23-9 presents 
defi nitions of types of fractures and dislocations. 
A fracture may be considered unstable if the longitu-
dinal ligaments are torn.

Level of Injury
Spinal cord injuries can also be classifi ed according 
to the segment of the spinal cord that is affected:

• Upper cervical (C1–C2) injuries (atlas fractures, 
atlantoaxial subluxation, odontoid fractures, 
hangman’s fractures)

• Lower cervical (C3–C8) injuries
• Thoracic (T1–T12) injuries
• Lumbar (L1–L5) injuries
• Sacral (S1–S5) injuries

The degree of functional recovery depends on the 
location and extent of the injury. The level of spinal 

B O X  2 3 - 9   Types of Vertebral Fractures and 
Dislocations

Fractures
Simple fracture: single fracture; alignment of the ver-
tebrae is intact and neurological defi cits do not occur
Compression fracture: fracture caused by axial load-
ing and hyperfl exion
Wedge compression fracture: a stable fracture that 
involves compression of the vertebral body in the 
cervical area
Teardrop fracture: an unstable fracture that involves 
a piece of bone breaking off the vertebra; seen in 
wedge fractures
Comminuted fracture: the vertebra is shattered into 
several pieces; bone fragments may be driven into 
spinal cord

Dislocations
Dislocation: one vertebra overrides another
Subluxation: partial or incomplete dislocation
Fracture–dislocation: fracture and dislocation

cord injury is determined by the effect of the injury 
on sensory and motor function. The dermatome 
pathways are used to determine the level of sensory 
loss (Fig. 23-8). Retention of all or some of the motor 
or sensory function below the level of injury implies 
that the lesion is incomplete, whereas total loss of 
voluntary muscle control and sensation below the 
level of injury suggests that the lesion is complete.

Pathophysiology
Injury to the spinal cord that occurs at the time of 
impact is referred to as the primary injury. The more 
mobile areas of the vertebral column (eg, the cervi-
cal area) are most frequently involved. Damage to 
the spinal cord is most often associated with dam-
age to the vertebral column and ligaments. The ver-
tebrae may be fractured, dislocated (subluxed), or 
compressed. As a result of the injury to the verte-
bral column, the spinal cord itself may be contused, 
compressed, or dislocated.

Equally destructive is the injury or damage to 
the spinal cord that continues for hours after the 
trauma. Mechanisms of secondary injury include 
the following:

• During the infl ammatory response, immune cells 
release harmful substances, causing cellular damage.

• Hypoperfusion of the spinal cord from micro-
scopic hemorrhage and edema leads to ischemia.

• The release of catecholamines and vasoactive sub-
stances contributes to decreased circulation and 
perfusion of the spinal cord.

• The release of excess neurotransmitters results 
in overexcitation of the nerve cells, which allows 
high levels of calcium to enter the cells, causing 
cellular death.

Clinical Manifestations
Common clinical manifestations include spinal cord 
syndromes and autonomic dysfunction.

Spinal Cord Syndromes
Incomplete cord injuries often cause recognizable 
neurological syndromes that are classifi ed accord-
ing to the area damaged (Fig. 23-9).

• Central cord syndrome. Damage to the spinal 
cord is centrally located. Hyperextension of the 
cervical spine often is the mechanism of injury, 
and the damage is greatest to the cervical tracts 
supplying the arms. Clinically, the patient may 
present with greater involvement of the upper 
extremities over the lower.

• Brown-Séquard cord syndrome. Damage is 
located on one side of the spinal cord. On the same 
side as the lesion (ipsilaterally), the patient has 
complete motor paralysis but maintains sensation 
of pain, temperature, and touch. On the opposite 
side of the lesion (contralaterally), there is loss 
of pain, temperature, and touch, but the patient 
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C2

C3
C4
C5

C5

C8

C8

T1

T1

T2
T3
T4

L1

L2
L3

L4

L4

S1

L5

T5
T6
T7
T8
T9

T10

T11

T12

C2
C3
C4
C5
C6
C7
C8
T 1
T 2
T 3
T 4

L 1
L 2
L 3
L 4

S1

S1

S1

S2

S2

S2

S3
S4

L5

L5

T 5
T 6
T 7
T 8
T 9
T 10
T 11 
T 12

F I G U R E  2 3 - 8  Dermatome 
pathways.

Area of
cord damage

Loss of motor power
and sensation

Incomplete loss

Right Left
Area of

cord damage

Loss of pain and
temperature sensation
on opposite side

Loss of voluntary motor
control on same side
as the cord damage 

Position and vibration,
touch sense

Area of
cord damage

Anterior
spinal artery

Motor

Pain,
temperature

Loss of motor power,
pain, and temperature
sensation, with
preservation of
position, vibration,
and touch sense

B. Brown-Séquard syndrome C. Anterior cord syndromeA. Central cord syndrome

F I G U R E  2 3 - 9  Spinal cord syndromes. (From Hickey JV: Clinical Practice of Neurological and Neurosurgical 
Nursing, 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2009, pp 423–425.)
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• Spinal shock (Fig. 23-10) occurs immediately 
or within several hours of a spinal cord injury 
and is caused by primary and secondary injury 
to the spinal cord. Clinically, the patient exhibits 
the loss of motor, sensory, refl ex, and autonomic 
function below the level of the injury, with resul-
tant fl accid paralysis. Loss of bowel and bladder 
function and the body’s ability to control temper-
ature (poikilothermia) occur. There is no treat-
ment, and the duration of spinal shock depends 
on the severity of the insult and the presence 
of other complications. The return of perianal 
refl ex activity signals the end of the period of 
 spinal shock.

• Spasticity develops after recovery from the period 
of spinal shock. A physical therapy consult is war-
ranted to develop an exercise, stretching, and posi-
tioning program for the patient. Pharmacotherapy 
(eg, baclofen, dantrolene sodium, diazepam, cloni-
dine) may also be indicated.

• Neurogenic shock, a form of distributive shock, 
is seen in patients with severe cervical and upper 
thoracic injuries. It is caused by the loss of sympa-
thetic control of the heart and vasculature, resulting 
in vasodilation and bradycardia. Signs and symp-
toms include hypotension, severe bradycardia, and 

maintains motor function. Clinically, the patient’s 
limb with the best motor strength has the poorest 
sensation, and vice versa.

• Anterior cord syndrome. The anterior aspect of 
the spinal cord is damaged. Clinically, the patient 
usually has complete motor paralysis and loss of 
pain and temperature below the level of injury, 
with preservation of light touch, proprioception, 
and vibratory sense.

• Posterior cord syndrome, which is rarely seen, 
is usually the result of a hyperextension injury at 
the cervical level. Position sense (proprioception), 
light touch, and vibratory sense are lost below the 
level of the injury.

Autonomic Dysfunction
The autonomic nervous system carries nerve 
impulses from the brain and spinal cord to effector 
organs throughout the body. Sympathetic nerves exit 
the spinal cord between C7 and L1, and parasym-
pathetic nerves exit between S2 and S4. Therefore, 
spinal cord injury can result in autonomic nervous 
system dysfunction. Common manifestations of this 
dysfunction include spinal shock, neurogenic shock, 
orthostatic hypotension, and autonomic dysrefl exia.

F I G U R E  2 3 - 1 0  Mechanisms involved in spinal shock. PNS, parasympathetic nervous system; SNS, sym-
pathetic nervous system. (From Zejdlik C: Management of Spinal Cord Injury. Boston: Jones & Bartlett 
Publishers, 1992.)

Injury
above T6

Spinal shock

SNS outflow
to systemic

vascular system

SNS with
unopposed PNS

stimulation to heart

Passive dilation
of systemic

vascular system
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Stroke
volume

After-
load

Heart
rate

Cardiac output

Blood pressure    hypotension

Pulse    bradycardia

Body temperature    hypothermia
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B O X  2 3 - 1 1   Nursing Management of Autonomic Dysrefl exia

Ideally, three members of the healthcare team are avail-
able to assist: one to check the blood pressure, one 
to check the drainage system, and one to notify the 
physician.

1. Elevate the head of bed.
2. Quickly insert bladder catheter or check blad-

der drainage system in place to detect possible 
obstruction.
• Check to make sure plug or clamp is not in catheter 

or on tubing.
• Check for kinks in catheter or drainage tubing.
• Check inlet to leg bag to make sure it is not corroded.
• Check to make sure leg bag is not overfull.
• If none of these are evident, proceed to step 3.

3. Determine whether catheter is plugged by irrigating 
the bladder slowly with no more than 30 mL of irri-
gation solution. If symptoms do not subside, proceed 
to step 4.

RED FLAG! Use of greater than 30 ml of 
irrigation fl uid may increase the massive 
sympathetic outfl ow already present. 

4. Change the catheter and empty the bladder.
5. If bladder overdistention does not seem to be the 

cause of the dysrefl exia, rule out other potential 
causes:
• Check for bowel impaction. Do not attempt to 

remove impaction, if present. Apply Nupercainal 
ointment or Xylocaine jelly to the rectum and anal 
area. As the area is anesthetized, the blood pressure 
should decrease. After the blood pressure stabilizes, 
using a generous amount of anesthetizing ointment 
or jelly, manually remove the impaction.

• Change the patient’s position to relieve pressure.
• Loosen tight clothing and shoes.

6. Continue monitoring the blood pressure (BP) during 
this time. If the BP remains elevated and unable to 
fi nd the source, call the physician immediately. The 
physician may order an antihypertensive to lower the 
blood pressure.

loss of the ability to sweat below the level of injury. 
The hypotension is managed with IV fl uid resus-
citation. Symptomatic  bradycardia may require 
temporary external pacing.

• Orthostatic hypotension may occur in a patient 
with a spinal cord injury because the body is 
unable to compensate for changes in position. The 
cord injury prevents the vasoconstriction message 
from the medulla from reaching the blood vessels.

• Autonomic dysrefl exia (hyperrefl exia) is a medi-
cal emergency that can occur after the resolution 
of spinal shock in patients with a spinal cord lesion 
at T7 or above. The syndrome presents quickly and 
can precipitate hypertensive crisis and death. In 
autonomic dysrefl exia, a stimulus below the level 
of injury (Box 23-10) produces a sympathetic dis-
charge that causes refl ex vasoconstriction, leading 
to extreme hypertension and a throbbing head-
ache. The body attempts to reduce the hyperten-
sion through superfi cial vasodilation of vessels 
above the spinal cord injury, leading to fl ushing, 
blurred vision, and nasal congestion. Other signs 
and symptoms include bradycardia, profuse sweat-
ing above the level of the injury, piloerection below 
the level of injury, pupil dilation, and nausea. 
Management entails identifi cation and removal of 
the stimulus. Nursing interventions for managing 
autonomic dysrefl exia are given in Box 23-11.

B O X  2 3 - 1 0   Precipitating Factors in 
Autonomic Dysrefl exia

• Bladder distention, urinary tract infection, bladder 
or kidney stones

• Bowel distention
• Pressure areas or decubitus ulcers
• Thrombophlebitis
• Acute abdominal problems (eg, ulcers, gastritis)
• Pulmonary emboli
• Menstruation
• Second stage of labor
• Constrictive clothing
• Heterotopic bone
• Pain
• Sexual activity/ejaculation
• Manipulation or instrumentation of bladder or 

bowel
• Spasticity
• Exposure to hot or cold

Management
Prehospital Management
A spinal cord injury is suspected at the scene of 
an accident any time the patient has decreased or 
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Classifi cation of Spinal Cord Injury fl ow sheet) to 
assess and document the patient’s level of function-
ing. Diagnostic studies may be ordered, including 
radiographs of the spine, chest, and other structures 
as clinically indicated; CT and MRI (to evaluate soft 
tissue and ligament injuries). Flexion–extension 
views are obtained to assess for ligament involve-
ment in patients who are conscious and can follow 
commands, even when plain radiographs and CT 
are negative for bony injury. If the patient is uncon-
scious or unable to tell the examiner if there is pain 
on fl exion, then an MRI is required to rule out liga-
ment injuries. A cervical collar is kept on until the 
MRI results are obtained or the patient regains con-
sciousness and is able to cooperate with the studies.

The administration of high-dose steroids (eg, 
methylprednisolone) in the emergency department 
to reduce swelling and minimize secondary injury 
is controversial. Some studies have found improve-
ment in function in blunt, incomplete cord injuries. 
However, steroid use has also been associated with 
severe pneumonia and sepsis.

Stabilization of the Spine
The goals of ongoing management are to stabilize 
and realign the spine to prevent further neurologi-
cal deterioration. This can be accomplished through 
closed reduction or surgical techniques. Closed 
reduction of an unstable cervical fracture or sub-
luxation often involves skeletal traction. Short-term 
cervical traction can be achieved using Gardner–
Wells, Vinke, or Crutchfi eld tongs; long-term cer-
vical traction entails the use of a halo vest. Stable 
fractures can be immobilized using a Miami J or 
Aspen collar (cervical fractures), a Minerva brace 
(cervicothoracic fractures), or a Jewett brace (thora-
columbosacral injuries).

For some patients, surgery may be necessary to 
stabilize and support the spine. The risks of sur-
gery must be balanced against the possible benefi ts. 
Rod placement, laminectomy and fusion, and ante-
rior fusion are techniques used for surgical stabi-
lization. Bone for fusion usually comes from the 
patient’s iliac crest, tibia, or ribs; alternatively, bone 
can be obtained from a tissue bank. After surgery, 
the patient receives routine postoperative care. The 
nurse monitors the patient’s motor and sensory sta-
tus at least every hour for the fi rst 24 hours, and 
then every 4 hours after that. The physician is noti-
fi ed immediately if any deterioration in neurological 
status occurs. The nurse also monitors for compli-
cations (eg, spinal fl uid fi stulas, infections, wound 
dehiscence). Older patients and those with preexist-
ing comorbidities who have open wounds, injuries 
to the thoracolumbar spine, or complete injuries are 
at particularly high risk for postoperative infection.19

Supportive Care
Supportive care focuses on preventing complica-
tions, and initiating prompt interventions to treat 
any complications that do occur. A collaborative 
care guide for the patient with a spinal cord injury is 
given in Box 23-12.

absent movement or sensation. An unconscious 
patient or one with a head injury is treated as though 
a spinal cord injury has occurred until proved oth-
erwise. Airway patency is assessed, and the cervical 
spine is immobilized and stabilized. A cervical collar 
increases the level of stability but does not provide 
complete immobilization, especially in the case of 
complete ligamentous disruption.

In-Hospital Management
Early Management
In the emergency department, the primary and sec-
ondary surveys are completed. Management priori-
ties include:

• Assessment and management of the patient’s air-
way and breathing. Hypoventilation or respiratory 
failure from inadequate innervation of the respira-
tory muscles and diaphragm is a common prob-
lem after spinal cord injury, particularly in patients 
with high cervical injuries. In addition, spinal cord 
edema can act like an ascending lesion and compro-
mise function of the diaphragm. Preexisting pulmo-
nary disease or coexistent chest, laryngeal, tracheal, 
or esophageal injuries can further compromise 
respiratory function. If the patient requires ventila-
tory assistance, elective intubation and mechanical 
ventilation are followed by a chest radiograph.

• Assessment and management of the patient’s 
circulatory status. Hypotension may be due to 
neurogenic shock or hemorrhagic shock (second-
ary to associated injuries). Fluid resuscitation is 
accomplished by the use of crystalloids or blood. 
Early administration of blood enhances oxygen-
ation and may minimize secondary ischemic 
injury to the spinal cord.

• Completion of a thorough neurological assess-
ment, including spine x-rays. A digital rectal 
examination is performed to determine whether 
the injury is incomplete or complete. The lesion 
is incomplete if the patient can feel the palpating 
fi nger or can contract the perianal muscles around 
the fi nger voluntarily. Sensation usually accom-
panies voluntary motor activity, and may be pres-
ent in the absence of voluntary motor activity. In 
either case, the prognosis for further motor and 
sensory return is good. Rectal tone by itself, with-
out the presence of voluntary perianal muscle con-
traction or rectal sensation, is not evidence of an 
incomplete cord injury.

• Assessment for associated injuries. TBI, intra-
thoracic injuries, intra-abdominal injuries, retro-
peritoneal injuries, and fractures of the pelvis or 
long bones are often seen in association with spi-
nal cord injury,

When the patient is stabilized, frequent assessment 
of neurological status is necessary to determine 
the extent of the spinal cord injury and moni-
tor for changes in level of consciousness that may 
occur secondary to TBI. Most facilities use a spe-
cialized fl ow sheet (eg, the Standard Neurological 
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B O X  2 3 - 1 2 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Spinal Cord Injury

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
ABGs are within normal limits.
Airway patency is maintained.
The patient does not aspirate.
The patient does not develop pulmonary 

complications (eg, infection, 
atelectasis).

• Monitor respiratory rate, arterial oxygen saturation, and pulmonary func-
tion test results, and auscultate breath sounds.

• Assess need for mechanical ventilation.
• Provide for deep breathing, assistive coughing, and incentive spirometer 

exercises.
• Turn frequently; mobilize out of bed to chair when able.
• Apply abdominal binder when out of bed.
• Consult pulmonology as needed.

 

Circulation/Perfusion
There is no evidence of neurogenic 

(spinal) shock (T10 injuries and 
higher).

Blood pressure is adequate to maintain 
vital organ function.

There is no development of DVT or 
pulmonary embolism.

• Monitor for bradycardia, vasodilation, and hypotension.
• Assess for dysrhythmias.
• Prepare to administer intravascular volume, vasopressors, and positive 

chronotropic agents.
• Begin DVT prophylaxis on admission (eg, external compression device, 

low-dose heparin or LMWH).
• Measure calf and thigh circumference daily and at same location; report 

increase.
• Apply compression hose to lower extremities before mobilizing out of bed.

There is no evidence of orthostatic 
hypotension.

• Monitor for orthostatic hypotension when raising head of bed and getting 
out of bed.

• Allow patient to “dangle” before mobilizing out of bed.
• Consult cardiology as needed.

 

Neurological
There is no evidence of deterioration in 

neurological status.
• Perform neurological checks and spinal cord function checks q2–4h.
• Monitor for deterioration in neurological status and report to the 

physician.

The vertebral column is maintained 
in a neutral position and in proper 
alignment.

• For patients with cervical traction: check the orthopedic frame, trac-
tion, and tongs daily to be sure that they are secure. Ensure that traction 
weights hang freely.

• For patients with a halo vest: Ensure that the pins on the halo ring are 
secure and tight.

 

Fluids/Electrolytes
Serum electrolytes are within normal 

limits.
• Monitor laboratory studies as indicated by patient’s condition.
• Assess for dehydration.
• Administer mineral/electrolyte replacement as ordered.

Fluid balance is maintained as 
evidenced by stable weight, absence 
of edema, normal skin turgor.

• Monitor gastrointestinal and insensible fl uid loss.
• Make accurate daily fl uid intake and output measurements.
• Weigh weekly.
• Monitor results of laboratory studies, particularly albumin and electrolyte 

levels.
 

Mobility/Safety
Joint range of motion is maintained and 

contractures prevented.
Muscle tone is maintained.
The patient ambulates in a safe manner 

to the best of his or her ability.

• Position in correct alignment.
• Begin range-of-motion exercises early after admission.
• Maintain splint, brace, and adaptive device schedule; check for pressure 

ulcers q4h or more often if indicated.
• Consult with physical and occupational therapy.
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B O X  2 3 - 1 2 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Spinal Cord Injury ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Skin Integrity
Patient is without evidence of skin 

breakdown.
• Consult with wound care specialist to determine correct type of bed.
• Reposition patient at least q2h while in bed.
• Position patient to prevent pressure on bony prominences.
• Use upright, straight-backed chair when patient is out of bed (not a reclin-

ing chair). Use felt pad on chair seat.
• Reposition/shift weight q1h when sitting upright.
• Use Braden scale to monitor risk for skin breakdown.

Skin integrity is maintained under or 
around stabilization devices (eg, 
cervical collar, halo vest).

• Monitor skin underneath stabilization devices and around pins.
• Use meticulous skin care underneath stabilization devices and around 

pins.
• Ensure proper fi t of vest-like stabilization devices by sliding a fi nger 

between the vest and skin.
 

Nutrition
Protein, carbohydrate, fat, and 

calorie intake meet minimal daily 
requirements.

The patient has a fl uid intake of up to 
3000 mL daily.

Aspiration is prevented.

• Consult dietitian.
• Encourage fl uids, high-fi ber diet.
• Monitor fl uid I&O, calorie count.
• Administer parenteral and enteral nutrition as appropriate.
• Assist with feeding/feed as needed. Encourage the patient to take small 

bites and chew well.
 

Elimination
Postvoid residuals < 100 mL.
Pattern of bowel evacuation every 1–2 d 

is established.

• Institute bowel and bladder training programs.
• Record the frequency and consistency of stool.
• If the patient is voiding independently, monitor postvoid residuals.

 

Comfort/Pain
Pain < “4” on visual analog scale. • Assess and differentiate pain from anxiety or stress response.

• Administer appropriate analgesic or sedative to relieve pain and monitor 
patient response.

• Use nonpharmacological pain relief techniques (eg, distraction, music, 
relaxation therapies).

 

Psychosocial
Patient adapts to loss of motor and 

sensory function, and maintains a 
positive body image.

• Provide emotional support by encouraging expression of concerns, 
arranging for support services (eg, social services, clergy, neuropsycholo-
gist, support groups), and so on.

Integration is made into prior social 
role.

• Provide patient/family counseling regarding stages of grief, sexual 
function and management techniques, social services and community 
resources.

 

Teaching/Discharge Planning
Complications associated with loss 

of bowel or bladder control are 
prevented.

• Teach patient/family:
• Bowel program and training
• Dietary habits to maintain bowel function
• Bladder training/intermittent catheterization
• Prevention of, and signs/symptoms of autonomic dysrefl exia

Complications of immobility are 
prevented.

• Teach patient/family:
• Positioning to prevent skin breakdown
• Physical therapy exercises
• BHT

Patient is discharged to appropriate 
postacute setting.

• Consult rehabilitation/discharge planner/social services early after admis-
sion to initiate placement arrangements.
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• Urinary management. Initially, an indwelling uri-
nary catheter is placed to prevent the bladder from 
becoming distended secondary to atony, and to 
allow for hourly measurement of urinary output. 
As soon as spinal shock has resolved, the indwell-
ing catheter is removed and bladder training (eg, 
with intermittent catheterization) begins.

• Bowel management. Measures to prevent con-
stipation and begin progress toward bowel conti-
nence include maintenance of appropriate intake; 
daily administration of stool softeners and a sup-
pository; and development of a consistent schedule 
for bowel elimination. The timing of the program 
is usually designed to coincide with the peristalsis 
that occurs after meals to move food through the 
gastrointestinal tract. Rectal stimulation may be 
necessary to trigger defecation.

• Psychological support. As soon as the patient 
is medically stable, the nurse begins to focus on 
the psychosocial issues that are of concern to the 
patient and family (eg, long-term prognosis, sex-
ual functioning, body image). The nurse answers 
questions to the best of his or her knowledge; 
encourages the patient and family to express con-
cerns; and focuses on the patient’s abilities with-
out minimizing the patient’s disabilities.

• Prevention of respiratory compromise. Patients 
with a spinal cord injury, especially injuries 
above T6, are at risk for respiratory compromise. 
Respiratory failure is anticipated if the patient’s 
vital capacity is less than 15 to 20 mL/kg and the 
respiratory rate is greater than 30 breaths/min. If 
the oxygen saturation value is less than 90% or if 
the PaCO2 is greater than 45 mm Hg, intubation 
may be required. Routine bronchial hygiene ther-
apy (BHT) and kinetic therapy using a specialty bed 
that rotates a minimum of 40 degrees on a continu-
ous basis helps prevent pulmonary complications.

RED FLAG! Respiratory complications are 
the leading cause of death in the acute and chronic 
phases of spinal cord injury, especially in patients 
with higher-level injuries. 

• Prevention of cardiovascular compromise. The 
patient is at risk for bradycardia, hypotension, and 
dysrhythmias because of disruption in the auto-
nomic nervous system. When the blood pressure 
is not high enough to sustain vital organ perfu-
sion, low-dose dopamine may be administered 
after adequate fl uid resuscitation. Symptomatic 
bradycardia may require the administration of 
atropine or the use of a transcutaneous or transve-
nous pacemaker. Left ventricular dysfunction may 
occur secondary to the release of β-endorphins; 
cardiac enzymes should be obtained if there are 
ECG changes.

• Pain management. Pain management is essential 
in caring for patients with spinal cord injuries. It 
is not unusual for the patient to report pain, fre-
quently severe pain. The source of the pain may be 
neuropathic, musculoskeletal, central, or visceral. 
Abnormal sensation may occur at the level of the 
lesion in injuries caused by nerve root damage.

• Thermoregulation. Ineffective thermoregulation 
is common in patients with spinal cord injuries 
above the thoracolumbar area. Interruption of 
the sympathetic nervous system inhibits thalamic 
thermoregulatory mechanisms. As a result, the 
patient cannot sweat to get rid of body heat, and 
there is an absence of vasoconstriction, result-
ing in an inability to shiver to increase body heat. 
Hypothermia is usually managed by using warmed 
blankets, and the room temperature is adjusted to 
maintain patient comfort. The goal is to stabilize 
the patient’s temperature above 96.5°F (35.8°C).

• Mobilization and positioning. Attention to 
mobilization and positioning is important to pre-
vent complications of immobility. A turn schedule 
for the patient is important, even if the patient has 
not had stabilizing surgery. It may take three staff 
members to accomplish turning safely, particu-
larly in patients with cervical injuries. One per-
son stabilizes the neck, and the other two fl ex the 
hips, knees, and ankles and hold the feet fl at on 
the bed surface while turning the patient’s trunk. 
Foam wedges, pillows, or air-fi lled rolls are used to 
maintain alignment.

C A S E  S T U D Y

A coworker fi nds Mr. S., a 60-year-old man, 
lying injured on the fl oor in the service station 
where he works as a mechanic. It appears that he 
slipped on the grease on the fl oor while working on 
the transmission of a small truck. Paramedics arrive 
at the scene of the accident within 10 minutes. 
Mr. S. is able to move his extremities, and he 
reports neck pain of 6 on a pain scale of 10. He 
is awake, alert, and oriented to his current loca-
tion; the date and day of the week; and details of 
the accident. His pupils are equal and reactive to 
light. He shows no other signs of injury except for a 
cut on his forehead. Vital signs are as follows: BP, 
170/102 mm Hg; HR, 86 beats/min; and RR, 28 
breaths/min (unlabored and regular). The paramed-
ics apply a cervical collar, place Mr. S. on a back-
board, and transport him to the medical center by 
helicopter. He arrives in the emergency department 
within 45 minutes of the accident.

On initial examination, Mr. S.’s vital signs are 
as follows: BP, 180/90 mm Hg; HR, 88 beats/min; 
RR, 24 breaths/min (somewhat shallow respira-
tions); and temperature, 98.6°F (37°C). Mr. S. is 
sweating and mildly confused. His arm veins are 
quite distended. According to the paramedics, his 
motor and sensory function has decreased since 
his initial evaluation at the scene of the accident. 
Although he could originally tighten his biceps, now 
he cannot overcome gravity to raise his arms. Deep 
tendon refl exes are markedly decreased.
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The emergency trauma team starts IV lactated 
Ringer’s solution, inserts an indwelling urinary 
catheter, and inserts a nasogastric tube, which is 
connected to low intermittent suction. The trauma 
physician orders full spine, skull, and chest radio-
graphs. The radiographs reveal that Mr. S. has a 
dislocated fracture of C5 and C6. The chest fi lm 
shows a lack of full lung fi eld expansion. Bloodwork 
results are normal, with the exception of ABGs, 
which show respiratory acidosis (pH 7.30).

Mr. S. is admitted to the critical care unit, where 
he is placed in a halo fi xation device to realign 
the cervical vertebrae and stabilize the fracture. 
Neurogenic shock treatment includes careful IV 
fl uid replacement to avoid overhydration, admin-
istration of dopamine if hypotension compromises 
perfusion of vital organs, and atropine to correct 
bradycardia if he becomes symptomatic.

Nursing interventions include monitoring neu-
rological signs and vital signs every hour for the 
fi rst 24 hours and then every 2 hours until Mr. S. is 
stabilized. The nurses who are caring for Mr. S. pay 
particular attention to his respiratory status because 
he is at risk for respiratory failure due to spinal cord 
edema. They turn him every 2 hours and measure 
and record the output from the indwelling urinary 
catheter and nasogastric tube every 4 hours. They 
make every effort to prevent complications of immo-
bility, both in the critical care and acute care units. 
After consulting physical and occupational therapy, 
Mr. S.’s healthcare team initiates a treatment plan. 
Once past the acute phase of his injury, Mr. S. is 
transferred to a rehabilitation facility for further 
recovery and adaptation to his injury.

1. What additional information is needed about 
Mr. S. to provide him with appropriate care while 
hospitalized?

2. Based on the information from the case study, list 
the fi ve priorities of care for Mr. S. Include your 
rationale for selecting these priorities.

3. What nursing interventions should be imple-
mented based on the priorities of care listed 
above?

R e f e r e n c e s
 1. Marbacher S, et al: Primary reconstruction of open 

depressed skull fractures with titanium mesh. J Craniofac 
Surg 19(2):490–495, 2008

 2. Thompson H, Mauk K: Care of the patient with mild 
traumatic brain injury. AANN and ARN Clinical Practice 
Guidelines Series, 2011

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!

Morton_Chap23.indd   349Morton_Chap23.indd   349 2/4/2012   3:22:47 PM2/4/2012   3:22:47 PM

http://thepoint.lww.com/MortonEss1e


Morton_Chap23.indd   350Morton_Chap23.indd   350 2/4/2012   3:22:47 PM2/4/2012   3:22:47 PM



351

C H A P T E R

Gastrointestinal System

24
Based on the content in this chapter, the reader should be able to:

1 Describe the components of the history for gastrointestinal assessment.
2 Explain the use of inspection, auscultation, percussion, and palpation for 

gastrointestinal assessment.
3 Describe laboratory tests used to evaluate gastrointestinal function.
4 Describe diagnostic studies used to evaluate gastrointestinal function.

O B J E C T I V E S

When a patient is critically ill, assessment of the 
gastrointestinal system may reveal signs and symp-
toms of the patient’s primary medical problem or 
recognize a new complication.

History
Elements of the gastrointestinal history are 
 summarized in Box 24-1. A patient with a gastro-
intestinal disorder often presents with abdominal 
pain. The nurse obtains detailed information about 
the patient’s pain (or other symptoms) using the 
NOPQRST format (see Chapter 12, Box 12-2). To 
facilitate accurate assessment and documentation 
of fi ndings, abdominal regions are described in 

terms of the quadrant method or the nine regions 
method (Fig. 24-1). Figure 24-2 on page 354 sum-
marizes common causes of pain by location. With 
many gas trointestinal problems, the pain is referred 
(Fig. 24-3, p. 354).

Physical Examination
The order of the abdominal examination is inspec-
tion, auscultation, percussion, and palpation. 
Auscultation precedes percussion and palpation 
because the latter can alter the frequency and qual-
ity of bowel sounds. Likewise, if the painful area is 
palpated fi rst, the patient may tense the abdominal 
muscles, hindering assessment.

Patient Assessment:
Gastrointestinal  System

SEVEN
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Inspection
The nurse inspects the abdomen for symmetry; vis-
ible masses; pulsations; tense, shiny skin; discolored 
areas; rashes; striae (lines resulting from rapid or 
prolonged skin stretching); ecchymoses; petechiae; 
lesions; scars; and prominent or dilated veins. 
Table 24-1 reviews abnormal abdominal fi ndings on 
inspection.

Auscultation
Auscultation provides information on bowel motility 
and abdominal organ vasculature (Table 24-2). The 
diaphragm of the stethoscope is used to systemati-
cally assess bowel sounds in all four quadrants. The 
bell of the stethoscope is used to listen for vascular 
sounds over the abdominal aorta and the renal, iliac, 
and femoral arteries (Fig. 24-4, p. 356).

B O X  2 4 - 1 Gastrointestinal Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format; see Chapter 12, Box 12-2)

• Abdominal pain
• Anorexia
• Indigestion (heartburn)
• Dysphagia
• Eructation (burping)
• Nausea
• Vomiting
• Hematemesis
• Fever and chills
• Jaundice
• Pruritus
• Diarrhea
• Constipation
• Flatulence
• Bleeding
• Hemorrhoids
• Melena
• Change in appetite
• Recent weight gain or weight loss
• Mouth lesions
• Anal discomfort
• Fecal incontinence
• Change in abdominal girth

Past Health History

• Relevant childhood illnesses and immunizations: 
hepatitis, infl uenza, pneumococcal, meningococcal

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: diabetes, 
cancer, infl ammatory bowel disease, peptic ulcer, gall-
stones, polyps, pancreatitis, hepatitis, cirrhosis, cystic 
fi brosis, spinal cord injury

• Risk factors: age, heredity, gender, race, tobacco use, 
physical inactivity, obesity, diabetes mellitus, tattoos, 
exposure to infectious diseases

• Past surgeries: previous gastrointestinal surgeries 
(mouth, pharyngeal, esophageal, stomach, small intes-
tine, colon, gallbladder, liver, pancreas), abdominal 
surgeries or trauma

• Past diagnostic tests and interventions: upper 
endoscopy, colonoscopy, upper gastrointestinal series, 
barium enema

• Medications, including prescription drugs, over-
the-counter drugs, vitamins, herbs, and supple-
ments: aspirin, steroids, anticoagulants, nonsteroidal 
anti-infl ammatory drugs (NSAIDs), laxatives, stool 
softeners

• Allergies and reactions to medications, foods, 
 contrast, latex, or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and 
siblings: infl ammatory bowel disease, malabsorption 
syndrome, cystic fi brosis, celiac disease, gallbladder 
disease, any cancers of the gastrointestinal tract

Personal and Social History

• Tobacco, alcohol, and substance use
• Environment: water source
• Diet: food intolerances, coffee intake, special diet
• Dental status: patterns of dental care; presence of 

dentures, braces, bridges, or crowns
• Bowel habits
• Sleep patterns
• Exercise
• Sources of stress: physical or psychological
• Travel: especially overseas

Review of Other Systems

• HEENT: visual changes, headaches, tinnitus, vertigo, 
epistaxis, sore throat, mouth lesions, swollen glands, 
lymphadenopathy

• Respiratory: shortness of breath, dyspnea, cough, 
sputum, lung disease, recurrent infections

• Cardiovascular: chest pain, palpitations, orthopnea, 
edema, hypertension, heart failure, dysrhythmia, 
 valvular disease

• Genitourinary: incontinence, erectile dysfunction, 
dysuria, frequency, nocturia

• Musculoskeletal: pain, weakness, varicose veins, 
sensory changes

• Neurological: transient ischemic attacks, stroke, cere-
brovascular disease, change in level of consciousness, 
syncope, seizures
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RED FLAG! A bruit (a continuous purring, blowing, 
or humming sound) heard over the abdominal 
aorta could be caused by a vascular aneurysm and 
should be reported immediately if it is a new fi nding. 

Percussion
Abdominal percussion helps identify air, gas, and 
fl uid in the abdomen and helps determine the size 
and location of abdominal organs. The nurse per-
cusses the abdomen lightly in all four quadrants of 
the abdomen, listening for the location and distribu-
tion of tympany and dullness.

Palpation
Abdominal palpation is used to establish the pres-
ence of abdominal masses and determine the pres-
ence, location, and degree of abdominal pain. When 
disease is present, palpation may result in somatic or 
visceral pain. Somatic pain, which is localized and 
accompanied by guarding of the abdominal muscles, 
refl ects infl ammation of the skin, fascia, or abdomi-
nal surfaces. Visceral pain originates from the organs 
and is usually dull, diffuse, and generalized.

Light palpation, which is performed fi rst, identi-
fi es muscular resistance and areas of tenderness. 

Right hypochondriac Left hypochondriac

Right lumbar Left lumbar

Right inguinal Left inguinalSuprapubic or
hypogastric

Umbilical

Epigastric

Right liver lobe
Gallbladder

Ascending colon
Portions of duodenum
  and jejunum

Cecum
Appendix
Lower end of ileum 

Pyloric end
   of stomach
Duodenum
Pancreas
Portion of liver

Stomach
Tail of pancreas
Splenic flexure of colon

Omentum
Mesentery
Lower part
   of duodenum
Jejunum and ileum

Descending colon
Portions of jejunum
   and ileum

Ileum Sigmoid colon

Right upper quadrant (RUQ) Left upper quadrant (LUQ)

Right lower quadrant (RLQ) Left lower quadrant (LLQ)

Liver and gallbladder
Pylorus
Duodenum
Head of pancreas
Hepatic flexure of colon
Portions of ascending and
transverse colon

Left liver lobe
Stomach
Body and tail of pancreas
Splenic flexure of colon
Portions of transverse and
descending colon

Cecum and appendix
Portion of ascending colon

Sigmoid colon
Portion of descending colon

B

A

F I G U R E  2 4 - 1  A: The quadrant method. B: The nine regions method.
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Right hypochondriac Left hypochondriacEpigastric

Cholecystitis/
cholangitis
Hepatitis
Metastatic disease
   to the liver
Pleurisy, lower lobe
   pneumonia, or
   pneumothorax
Congestive
   hepatomegaly
Pyelonephritis
Renal colic
Duodenal ulcer

Duodenal or gastric ulcer
Duodenitis or gastritis
Pancreatitis
Myocardial infarction
   or angina
Pericarditis
Gastroenteritis
Mesenteric embolus
   or thrombus
Small bowel obstruction

Pleurisy, lower lobe
   pneumonia, or
   pneumothorax
Myocardial infarction
   or angina
Pericarditis
Pyelonephritis
Renal colic
Splenic injury

Right lumbar Left lumbarUmbilical
Pancreatitis
Pyelonephritis
Renal colic
Colon obstruction/
   gangrene

Appendicitis
Small bowel obstruction
Rectus sheath hematoma
Gastroenteritis
Umbilical hernia
Abdominal aortic aneurysm
Aortic dissection
Mesenteric embolus
   or thrombus

Pancreatitis
Pyelonephritis
Renal colic
Sigmoid diverticulitis
Colon obstruction/
   gangrene

Right inguinal Left inguinalSuprapubic or hypogastric
Meckel’s
   diverticulum
Appendicitis
Cecal perforation
Groin hernia
Colon obstruction/
   gangrene
Ectopic pregnancy
Spigelian hernia
Regional enteritis 

Rectus sheath hematoma
Salpingitis
Ectopic pregnancy
Tubo-ovarian torsion
Mittelschmerz
Regional enteritis
Endometriosis
Abdominal aortic aneurysm

Sigmoid diverticulitis
Groin hernia
Colon obstruction/
   gangrene
Ectopic pregnancy
Spigelian hernia
Regional enteritis

F I G U R E  2 4 - 2  Common causes of pain by location.

A. Anterior

Esophageal 
pain

Stomach pain

Gallbladder 
pain

Colon pain

Kidney pain

Ureteral pain

Duodenal or 
pyloric pain

Early 
appendicitis

B. Posterior        

Uterus/rectal pain

Renal colic, pancreatitis

Bilary colic

Diaphragmatic pain

F I G U R E  2 4 - 3  Locations of referred abdominal pain.

354
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TA B L E  2 4 - 1 Abnormal Abdominal Findings on Inspection

Finding Characteristic Possible Cause

Abdominal 
contour

Concave (scaphoid)
Distention

Malnutrition
Tumor; excessive fl uid (ascites, perforation); gas 

accumulation; severe malnutrition; peritonitis
Abdominal skin Bulging

Striae*

Flank ecchymoses (Grey Turner’s sign)
Bluish ecchymosis surrounding umbilicus 

(Cullen’s sign)
Tense, glistening skin
Dilated, tortuous veins

Incisional hernia
Obesity; pregnancy; abdominal tumor; Cushing’s 

syndrome
Retroperitoneal bleeding; hemorrhagic pancreatitis
Intra-abdominal bleeding; pancreatitis

Ascites
Inferior vena cava obstruction; portal vein hypertension

Umbilicus Everted Increased intra-abdominal pressure (from tumor or 
ascites); ectopic pregnancy

Peristalsis Strong peristaltic wave Intestinal obstruction
Aortic pulsations Obvious and pronounced Increased intra-abdominal pressure (from tumor or 

ascites); abdominal aortic aneurysm

*Older striae are white or silver; more recent striae are pink, blue, or purple.

Fingertips are used to depress the abdominal wall 
1 cm (0.5 in). Deep palpation is used to locate 
abdominal organs and large masses. The fi ngertips 
are used to depress the abdominal wall fi rmly to 
a depth of 7.5 cm (3 in). An enlarged spleen, the 
edge of the liver, and the pole of the right kidney 
(but not the left) are usually palpable on deep pal-
pation. The nurse evaluates areas of tenderness 
detected on light palpation for rebound tenderness 
(Blumberg’s sign) by deeply depressing the area 
and then releasing the fi ngertips quickly. If the 
area hurts more after the fi ngertips are released, 
rebound tenderness is present. Rebound tender-
ness usually indicates peritoneal infl ammation 

(eg, due to infection, abscess, or perforation). 
Murphy’s sign (sharp pain that stops respiration, 
caused by palpating under the liver border) may be 
a sign of cholecystitis.

Laboratory Studies
Liver Function Studies
The liver is responsible for many functions, including 
bile formation and secretion; protein and fat metabo-
lism; detoxifi cation; and the production of enzymes 
and clotting factors. Table 24-3 summarizes common 

TA B L E  2 4 - 2 Abnormal Abdominal Findings on Auscultation

Sound and Description Location Sound Possible Cause

Bowel sounds All four quadrants Hyperactive (high-pitched, rapid, loud, 
and gurgling)

High-pitched tinkling and rushes of high-
pitched sounds (often accompanied by 
abdominal cramping)

Hypoactive (occurring once per minute or 
less frequently)

Absent

Gastroenteritis

Obstruction

Post–bowel surgery; 
feces-fi lled colon

Peritonitis, paralytic 
ileus

Systolic bruits (vascular 
“blowing” sounds 
resembling cardiac 
murmurs)

Abdominal aorta

Renal artery
Iliac artery

Partial arterial obstruction or turbulent 
blood fl ow

Dissecting abdominal 
aortic aneurysm

Renal artery stenosis
Hepatomegaly

Venous hum (continuous, 
medium-pitched tone 
created by blood fl ow in a 
large, engorged vascular 
organ such as the liver)

Epigastric area 
and umbilicus

Increased collateral circulation between 
portal and systemic venous systems

Hepatic cirrhosis

Friction rub (harsh, grating 
sound resembling two 
pieces of sandpaper 
rubbing together)

Hepatic Infl ammation of the peritoneal surface of 
an organ

Liver mass
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TA B L E  2 4 - 3 Laboratory Studies Used to Evaluate Liver Function

Study Normal Findings Clinical Signifi cance

Bile Formation and Secretion
Serum bilirubin
 Direct (conjugated) 0–5.1 μmol/L Abnormal in biliary and liver disease; causes clinical 

jaundice
 Indirect (unconjugated) 0–14 μmol/L Abnormal in hemolysis and in functional disorders of 

uptake or conjugation
Urine bilirubin Absent Abnormal in liver disease
Urobilinogen Urine: up to 0.09–

4.23 μmol/24 h
Fecal: up to 0.068–

0.34 mmol/24 h

Increased in cirrhosis; biliary obstruction with biliary tract 
infection; hemorrhage; and hepatotoxicity; decreased 
in biliary obstruction without biliary tract infection; 
hepatocellular damage; and renal insuffi ciency

Protein Studies
Albumin 35–55 g/L Decreased in cirrhosis, chronic hepatitis
Globulin 15–30 g/L Increased in cirrhosis, chronic obstructive jaundice, viral 

hepatitis
Albumin/globulin ratio 1.5:1 to 2.5:1 Ratio reverses with chronic hepatitis or other chronic liver 

disease
Total serum protein 60–80 g/L Decreased in liver disease
Transferrin 220–400 μg/dL Decreased in cirrhosis, hepatitis, and malignancy; 

increased in severe iron defi ciency anemia
Prothrombin time (PT) 11.0–14.0 s or 

100% of control
Prolonged PT in liver disease will not return to normal 

with vitamin K administration, whereas prolonged 
PT resulting from malabsorption of fat and fat-
soluble vitamins will return to normal with vitamin K 
administration

Partial thromboplastin time 
(PTT)

25.0–36.0 s Increased with severe liver disease or therapy with heparin 
or other anticoagulants

α-Fetoprotein (AFP) 6–20 ng/mL Elevated in primary hepatocellular carcinoma

Fat Metabolism
Cholesterol less than 200 mg/dL 

(adults)
Decreased in parenchymal liver disease; increased in 

biliary obstruction
High-density lipoprotein (HDL)
 Men 35–70 mg/dL
 Women 35–85 mg/dL
Low-density lipoprotein (LDL) less than 130 mg/dL
Very-low-density lipoprotein 

(VLDL)
25%–50%

Aorta

Renal artery

Iliac artery

Femoral artery

F I G U R E  2 4 - 4  Auscultation sites for vascular sounds. (From Bickley 
LS: Bates’ Guide to Physical Examination, 10th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins, 2009, p 436.)

laboratory studies used to evaluate liver functions. 
The clinical signifi cance of any liver chemistry must 
be evaluated in the context of the patient’s history and 
clinical situation. In addition, a series of values from 
a laboratory study and combinations of studies pro-
vide the most precise picture of the liver’s function.

Tests for Evaluating Hepatocellular Injury
When hepatocytes are injured or die, they release 
aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) into the serum. ALT is almost 
exclusively present in hepatocytes and is the most 
specifi c test for hepatocellular damage.1 AST is also 
found (to a lesser degree) in the skeletal muscle; 
therefore, elevations may be related to a skeletal 
muscle injury or overexertion. Elevations of AST 
and ALT are often helpful in evaluating acute liver 
injury and response to treatment, and monitoring 
those at risk for liver disease because of medical 
interventions.
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Study Normal Findings Clinical Signifi cance

Liver Detoxifi cation
Serum alkaline phosphatase 

(AP)
20–90 U/L at 30°C Level is elevated to more than three times normal in 

obstructive jaundice, intrahepatic cholestasis, liver 
metastasis, or granulomas; also elevated in osteoblastic 
diseases, Paget’s disease, and hyperparathyroidism

Ammonia 15–49 μg/dL An elevation indicates hepatocyte damage (liver converts 
ammonia to urea)

Enzyme Production
Aspartate aminotransferase 

(AST)
8–20 U/L Any elevation indicates hepatocyte damage

Alanine aminotransferase (ALT) 10–32 U/L Any elevation indicates hepatocyte damage
Lactate dehydrogenase (LDH) 200–500 U/L Any elevation indicates hepatocyte damage
γ-Glutamyl transferase (GGT) 0–30 U/L at 30°C An elevation in GGT along with an elevated AP usually 

indicates biliary disease; helpful in the diagnosis of 
chronic liver disease

Tests for Evaluating Liver Synthetic Function
Albumin, total serum protein, and prothrombin 
time (PT) are measures of liver synthetic function. 
Individual protein measurements are of greater sig-
nifi cance than total protein measurements. Albumin 
is the predominant protein in the serum; patients with 
advanced liver disease and cirrhosis tend to have low 
serum concentrations (hypoalbuminemia). The PT is 
a measure of the liver’s capacity to absorb vitamin K 
and synthesize clotting factors; a prolonged PT that 
does not return to normal with vitamin K administra-
tion suggests that clotting factor synthesis is impaired.

Tests for Evaluating Excretory Function
Bilirubin is produced by the destruction of mature 
red blood cells. An elevated serum bilirubin level is 
roughly proportional to the severity of liver dysfunc-
tion. Jaundice is usually present when the serum 
bilirubin level is greater than 2 to 3 mg/dL. Total bili-
rubin, as well as unconjugated (indirect) and conju-
gated (direct) bilirubin levels, should be measured. 

The unconjugated form of bilirubin is not water- 
soluble and is transported to the liver for conjugation 
and subsequent excretion in the bile. Unconjugated 
hyperbilirubinemia results from hepatocyte dysfunc-
tion in the conjugation process. Conjugated hyper-
bilirubinemia results from reduced secretion of 
conjugated bilirubin into the bile and feces or from 
obstruction of the bile ducts. Obstruction of bile fl ow 
may also present with elevated alkaline phosphatase 
(AP) and γ-glutamyltransferase (GGT) levels.

Pancreatic Function Studies
Table 24-4 lists serum laboratory tests that relate to 
pancreatic function. Amylase and lipase are digestive 
enzymes secreted by the pancreas. Serum amylase 
is found in the pancreas, parotid glands, intestine, 
liver, and fallopian tubes. Lipase is found primarily 
in the pancreas. In acute pancreatitis, serum amy-
lase and lipase can be elevated four to six times the 
normal level, whereas in chronic pancreatitis, serum 

TA B L E  2 4 - 4 Laboratory Studies Used to Evaluate Pancreatic Function

Study Normal Findings Clinical Signifi cance

Serum 
amylase

25–125 U/L Level is elevated in acute pancreatitis (serum levels peak 4–8 h after onset of 
condition, then fall to normal within 48–72 h), biliary tract disease, tumors, 
salivary gland lesions, cerebral trauma, gynecological disorders, and 
renal failure; low levels usually indicate pancreatic insuffi ciency

Urine amylase 2 h: 2–34 U
24 h: 24–408 U

Urine values 6–10 h behind serum values; low levels indicate pancreatic 
insuffi ciency

Serum lipase 10–40 U/L (adults) Elevated markedly in acute pancreatitis and pancreatic duct obstruction 
(remains elevated after amylase returns to baseline); elevations may 
also be seen with intra-abdominal infl ammation and renal insuffi ciency

Serum glucose 65–110 mg/dL (fasting) Levels may be increased in chronic liver failure
Serum 

triglycerides
50–250 mg/dL Levels increased in alcoholic cirrhosis, diabetes mellitus (untreated), 

high-carbohydrate diet, hyperlipoproteinemia, and hypertension; levels 
decreased in malnutrition, vigorous exercise

Serum calcium
 Total 8.2–10.2 mg/dL High total calcium levels seen in cancer of the liver, pancreas, and other organs
 Ionized 4.65–5.28 mg/dL Useful in tracking the course of disorders such as cancer and acute 

pancreatitis
 Fecal fat 2–5 g/24 h Amounts greater than 6 g/24 h suggest a decrease in the body’s ability 

to absorb foods; indicative of pancreatic exocrine insuffi ciency as in 
chronic pancreatitis

357
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the timing of, many diagnostic tests. Table 24-5 
 summarizes diagnostic studies used for evaluating 
the gastrointestinal tract. Endoscopy is an impor-
tant adjunct to radiographic studies because it 
allows for direct observation and biopsy of por-
tions of the intestinal tract. In some situations, 
endoscopy also allows for treatment of lesions (eg, 
removal of polyps, cauterization of vessels, liga-
tion of varices).

amylase and lipase levels may be normal or very low 
because the pancreas may no longer be producing the 
enzymes.

Diagnostic Studies
The nurse caring for the critically ill patient 
coordinates the preparation for, and possibly 

TA B L E  2 4 - 5 Gastrointestinal Diagnostic Tests

Test and Purpose Method of Testing Nursing Implications

Noninvasive
Abdominal fi lm
Used to evaluate organ size, position, 

intactness, and gas patterns in the 
stomach, small intestine, and colon

X-rays visualize a single fl at plane • No special preparation needed

Upper gastrointestinal (GI) series 
(barium swallow)

Used to visualize the esophagus, 
stomach, and duodenum; aids in 
diagnosis of hiatal hernia, ulcers, 
tumors, foreign bodies, bowel 
obstruction

Fluoroscopy is used to evaluate the 
movement of barium through the upper 
gastrointestinal tract; double-contrast 
study administers barium fi rst followed by 
a radiolucent substance (eg, air) to help 
coat mucosa for better visualization of 
any type of lesion

• The patient must be NPO for 6 h 
prior to study

Upper GI series with small bowel 
follow-through

Used to visualize the jejunum, ileum, and 
cecum; aids in the diagnosis of tumors, 
Crohn’s disease, Meckel’s diverticulum

Fluoroscopy is used to evaluate the 
movement of barium through the small 
bowel

• The patient must be NPO for 6 h 
prior to study

Barium enema
Used to visualize the colon; aids in 

diagnosis of polyps, tumors, fi stulas, 
obstruction, diverticula, and stenosis

Barium is administered via enema to make 
the colon visible on x-ray

• Bowel cleansing is necessary 
prior to the procedure

Ultrasonography
Aids in diagnosis of masses, dilated bile 

ducts, gallstones, and ascites
High-frequency sound waves are passed 

over an abdominal organ to obtain an 
image of the structure

• The patient must be NPO for 6 h 
prior to study

Hepatobiliary scan
Used to visualize the biliary system, 

gallbladder, and duodenum (size, 
function, vascularity, and blood fl ow)

Images are obtained as an intravenously 
injected radioisotope is taken up by the 
liver and then secreted into the bile

• The patient must be NPO for 6 h 
prior to study

Tagged red blood cell scan (technetium-
labeled red blood cell scintigraphy)

Aids in the diagnosis of GI bleeding Red blood cells are labeled with technetium 
and injected intravenously; images are 
obtained with a gamma camera that can 
identify areas of increased radioactivity as 
a site of slow or intermittent GI hemorrhage

• No special preparation needed

Computed tomography (CT)
Used to visualize the abdomen, 

retroperitoneal structures, tumors, 
cysts, fl uid collections, air in a cavity, 
bleeding

Narrow x-ray beams produce cross-sectional 
images of organs and tissues; can be 
performed with or without contrast media

• No special preparation required

Magnetic resonance imaging (MRI)
Used for evaluating abdominal soft 

tissue and blood vessels, abscesses, 
fi stulas, tumors, and sources of 
bleeding

A magnetic fi eld is used to obtain images • The patient must be able to lie 
fl at, hold his breath for periods of 
time, and tolerate confi nement in 
the scanner

• Metal in the body is a 
contraindication
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Test and Purpose Method of Testing Nursing Implications

Magnetic resonance 
cholangiopancreatography (MRCP)

Aids in the diagnosis of disorders 
affecting the pancreatic ducts and 
biliary tree

Same as MRI • Same as MRI

Positron emission tomography (PET)
Useful for precisely locating a tumor Radioactive substances are used to 

examine the metabolic activity of body 
structures

• No special preparation needed

Invasive
Esophagogastroduodenoscopy (EGD)
Used to evaluate the upper GI tract An endoscope is passed through the 

mouth and advanced to visualize the 
esophagus, stomach, and duodenum

• The patient must be NPO for 6 h 
prior to study

Colonoscopy
Used to evaluate the large intestine A fl exible fi ber-optic endoscope is passed 

through the rectum and advanced to 
visualize the large intestine

• Bowel cleansing is necessary 
prior to the procedure

Endoscopic retrograde 
cholangiopancreatography (ERCP)

Used to visualize the common bile duct, 
hepatic bile ducts, and pancreatic 
ducts

A fl exible fi ber-optic endoscope is inserted 
into the esophagus, passed through the 
stomach, and into the duodenum; the 
common bile duct and the pancreatic 
duct are cannulated and contrast medium 
is injected into the ducts to permit 
visualization and radiographic evaluation

• The patient must be NPO 6 h 
prior to procedure

Endoscopic ultrasonography
Used to evaluate and stage tumors of 

the GI tract
An ultrasonic transducer built into the distal 

end of the endoscope allows for high-
quality images of the walls of the GI tract

• The patient must be NPO for 6 h 
prior to study

Enteroclysis
Used to visualize entire small intestine; 

aids in diagnosis of partial bowel 
obstruction or diverticula

A duodenal tube is used to continuously 
infuse air in a barium sulfate suspension 
along with methylcellulose to fi ll the 
intestinal loops; transit of contrast fi lmed 
at intervals to evaluate progress through 
the jejunum and ileum

• The patient must be NPO for 6 h 
prior to study

Gastric lavage
Aids in diagnosis of upper GI bleeding, 

also used to arrest hemorrhage and 
prepare for further tests

A large gastric tube is used to aspirate or 
wash out stomach contents

• No special preparation needed

Paracentesis
Used to obtain samples of peritoneal 

fl uid for laboratory or cytologic 
studies, and as a comfort measure 
(to alleviate accumulations of ascetic 
fl uid)

A long, thin needle is inserted into the 
abdomen

• No special preparation needed

Peritoneal lavage
Used to evaluate blunt or penetrating 

trauma to the abdomen
The peritoneal cavity is irrigated, and then 

the irrigating fl uid is examined for blood
• No special preparation needed

Biopsy
Aids in diagnosis of malignancy • The patient must be NPO for 6 h 

prior to study
Percutaneous A needle is placed through the skin to obtain 

tissue specimen for pathology evaluation
Fine-needle aspiration (FNA) A thin needle is used to obtain cells or 

minute tissue fragments from a suspect 
area for examination by light microscopy; 
usually guided by fl uoroscopy, ultrasound, 
CT, or MRI

(continued on page 360)
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R e f e r e n c e
 1. Fischback F, Dunning M (ed): A Manual of Laboratory and 

Diagnostic Tests, 8th ed. 2009.

TA B L E  2 4 - 5 Gastrointestinal Diagnostic Tests (continued)

Test and Purpose Method of Testing Nursing Implications

Percutaneous transhepatic 
cholangiography (PTC)

Helps to distinguish obstructive jaundice 
caused by liver disease from jaundice 
caused by biliary obstruction; 
during procedure, a percutaneous 
transhepatic biliary drain may be 
placed to relieve obstruction

The intrahepatic and extrahepatic biliary 
ducts are examined fl uoroscopically; 
following percutaneous needle injection 
of contrast medium into the biliary tree

• The patient must be NPO 6 h 
prior to study

Angiography
Used to visualize defects in the walls 

of arteries or veins and to evaluate 
blood fl ow through the vessels

Radiographic contrast is injected into the 
vessel under fl uoroscopic guidance and 
x-ray images are obtained

• The patient must be NPO 6 h 
prior to study

C A S E  S T U D Y

Mrs. A. is a 79-year-old woman. Her medical 
history is signifi cant for coronary artery disease 
(CAD), hypertension, gastroesophageal refl ux dis-
ease (GERD), irritable bowel syndrome, and a left 
modifi ed radical mastectomy and adjuvant therapy 
for breast cancer 5 years earlier. Mrs. A. sees her 
primary care physician because she is experiencing 
abdominal pain and severe itching all over her body. 
Mrs. A. has taken over-the-counter medications for 
the pruritus with minimal effect and has multiple 
self-infl icted scratches on her torso and extremities. 
In addition, Mrs. A. has also noted yellowing of her 
sclera that began about 2 weeks ago, a decrease 
in appetite, a 10-lb weight loss, very dark urine, and 
clay-colored stools. The physician determines that 
the abdominal pain Mrs. A. is experiencing begins 
in the midepigastric area of the abdomen and radi-
ates around both sides to the back.

Laboratory values are signifi cant for the follow-
ing: total bilirubin, 8.6 μmol/L; ALT, 129 U/L; AST, 
120 U/L; AP, 700 U/L; total protein, 4.8 g/L; and 
albumin, 2.3 g/L. Complete blood count and coagu-
lation studies are within normal limits. CT reveals 
a 3.5-cm mass in the head of the pancreas, intra-
hepatic and extrahepatic bile duct dilation with an 
enlarged gallbladder, no vessel involvement, and 
no evidence of metastatic lesions.

The physician refers Mrs. A. to an interventional 
gastroenterologist for endoscopic retrograde chol-
angiopancreatography (ERCP) and decompression 

of the biliary tree by placement of an endoscopic 
stent. This procedure is not successful. Mrs. A. is 
then seen by interventional radiologists, who per-
form percutaneous transhepatic cholangiography 
with placement of an internal–external percuta-
neous transhepatic biliary drain. This procedure 
immediately results in the free fl ow of dark bile 
into a dependent external bile bag and biliary 
decompression. Following the procedure, Mrs. A. 
develops rigor and chills, along with a temperature 
of 103.5°F (39.7°C). She is transferred from the 
interventional radiology department directly to the 
critical care unit.

1. What would be included in an educational plan 
for Mrs. A. and her family?

2. What directed abdominal assessment would the 
critical care nurse perform when Mrs. A. is admit-
ted to the critical care unit?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R
Common Gastrointestinal 
Disorders25

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the pathophysiology, assessment, and management of acute 
gastrointestinal bleeding in the critically ill patient.

2 Describe the pathophysiology, assessment, and management of acute 
pancreatitis in the critically ill patient.

3 Describe the pathophysiology, assessment, and management of hepatic failure 
in the critically ill patient.

Acute Gastrointestinal Bleeding
Acute gastrointestinal bleeding is a common and 
potentially lethal medical emergency seen in 
patients admitted to the critical care unit. Prompt 
recognition and treatment of acute gastrointestinal 
bleeding is important to improve outcomes.

Upper Gastrointestinal Bleeding
Etiology
Upper gastrointestinal bleeding originates in the 
esophagus, stomach, or duodenum (Box 25-1). 
Commonly seen causes of acute upper gastrointes-
tinal bleeding in the critical care unit include the 
following:

• Peptic ulcer disease. Peptic ulcer disease, which 
includes both gastric and duodenal ulcers, accounts 
for approximately 60% of cases of acute upper gas-
trointestinal bleeding.1 Infection with Helicobacter 
pylori, a gram-negative bacterium that colonizes 
the protective mucus layer overlying the gas-
tric epithelium, predisposes the mucosa to dam-
age, resulting in chronic gastritis and ulceration. 

Aspirin and nonsteroidal anti-infl ammatory drugs 
(NSAIDs) can also cause peptic ulcer disease by 
directly injuring the mucosal layer. Bleeding from 
peptic ulcer disease occurs when the ulcer erodes 
into the wall of a blood vessel.

• Stress-related erosive syndrome. Critically ill 
patients often have one or more risk factors for the 
development of stress-related erosive syndrome, 
also known as stress-related mucosal disease 
(Box 25-2). Decreased perfusion of the stomach 
mucosa is probably the main mechanism of stress 
ulcer development. Ulcers may develop in the 
stomach, duodenum, and esophagus within hours 
of injury. Stress ulcers are more numerous, shal-
lower, and more diffuse than the ulcers of peptic 
ulcer disease. Although they tend to be shallow, 
they may erode into the submucosa and cause 
massive hemorrhage. Stress ulcer prophylaxis (ie, 
the administration of medications that inhibit gas-
tric acid secretion, neutralize gastric acid, or pro-
tect the gastric mucosa) is important in critically 
ill patients to lower the incidence of ulcerations 
and hemorrhage.

• Esophageal varices. Increased resistance in 
the portal venous system can develop as a result 
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of cirrhosis, leading to portal hypertension. In 
response to portal hypertension, collateral veins 
develop to bypass the liver and return blood to 
the systemic circulation. As pressure rises in 
these veins, they become tortuous and distended, 
forming varicose veins (varices) in the esopha-
gus, stomach, duodenum, colon, rectum, or anus. 
Varices are particularly prone to rupture, resulting 
in massive gastrointestinal hemorrhage.

• Mallory–Weiss tears. Mallory–Weiss tears are lac-
erations of the distal esophagus at the gastroesoph-
ageal junction, often associated with heavy alcohol 
use and a history of forceful vomiting, retching, or 
violent coughing. Tearing of the underlying venous 
or arterial bed results in bleeding.

Assessment
History
Patients with acute upper gastrointestinal bleed-
ing present with hematemesis (ie, the vomiting 
of bright red blood or “coffee-ground” material), 
melena (ie, the passage of foul-smelling, black, tarry, 
sticky stool), or both. Melena is indicative of upper 
gastrointestinal bleeding in 90% of cases. It may 
take several days after bleeding stops for melenic 
stools to clear, and stools may remain Hemoccult 
positive for 1 to 2 weeks. Patients with acute upper 
gastrointestinal bleeding may also present with 
signs of hypovolemia or hypovolemic shock; the 
clinical presentation is consistent with the amount 
of blood loss.

A past medical history is important to obtain 
because other medical conditions may suggest 
an underlying cause for the bleeding (eg, patients 
with renal failure frequently bleed from arteriove-
nous malformations). A history of a previous epi-
sode of upper gastrointestinal bleeding is signifi cant 
because most upper gastrointestinal bleeds rebleed 
from the same site.

Physical Examination
The physical examination is directed initially to the 
assessment of hemodynamic stability with ongoing 
assessment of vital signs. Tachycardia and ortho-
static hypotension indicate hypovolemia second-
ary to acute blood loss. Orthostatic changes are 
detected by performing a tilt test (ie, evaluating 
the patient’s blood pressure and heart rate in the 
supine position and then again after moving the 
patient to a sitting or standing position). A posi-
tive tilt test (ie, a decrease in blood pressure greater 
than 10 mm Hg with a corresponding increase in 
heart rate by 15%) implies volume depletion.

Laboratory Studies
Laboratory studies can help determine the extent 
of bleeding and often provide a clue to the etiology. 
Common laboratory abnormalities seen in a patient 
with acute upper gastrointestinal bleeding are listed 
in Table 25-1. The initial hematocrit and hemoglobin 
may not accurately refl ect initial blood loss because 
plasma volume is lost in the same proportion as red 
blood cells. However, fl uids administered during 
resuscitation and redistribution of fl uids from the 
extravascular to the intravascular space eventually 
produce a hemodilutional effect and result in lower-
ing of the hematocrit.

Diagnostic studies
Endoscopy can be performed urgently at the bed-
side and is the procedure of choice for the diag-
nosis of acute upper gastrointestinal bleeding. 
Endoscopy facilitates identifi cation of the site of 
the bleed, has prognostic value for assessing the 
risk for rebleeding (based on the cause of recent 
bleeding), and has therapeutic capabilities for 
defi nitive treatment. When diagnostic endoscopy 
is unsuccessful, angiography can be used to defi ne 
the site of bleeding or abnormal vasculature. 

B O X  2 5 - 1   Major Causes of Acute Upper 
Gastrointestinal Bleeding

Esophageal Sources
• Varices
• Esophagitis
• Ulcers
• Tumors
• Mallory–Weiss tears

Gastric Sources
• Peptic ulcers
• Gastritis
• Tumors
• Angiodysplasia
• Dieulafoy’s lesions (vascular malformations of 

unusually large submucosal arteries)

Duodenal Sources
• Peptic ulcers
• Angiodysplasia
• Crohn’s disease
• Meckel’s diverticulum

B O X  2 5 - 2   Risk Factors for Stress-Related 
Erosive Syndrome

• Hypotension or shock
• Coagulopathy
• Respiratory failure requiring mechanical ventilation
• Sepsis
• Hepatic failure
• Renal failure
• Multiple or severe trauma
• Burns over 35% of the total body surface area
• Post–organ transplantation status
• Brain or spinal cord injury
• History of peptic ulcer disease or upper gastrointes-

tinal bleeding
• Prolonged stay in critical care unit
• Administration of steroids
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Angiography can detect bleeding rates as low as 
1.0 mL/min.2

Management
Nursing interventions for a patient with acute upper 
gastrointestinal bleeding are given in Box 25-3.

RED FLAG! Patients with acute upper 
gastrointestinal bleeding should be given nothing by 
mouth (NPO) because urgent endoscopy or surgery 
may be required. 

Initial Management
The initial management of any patient with acute 
upper gastrointestinal bleeding includes fl uid resus-
citation to reverse the effects of blood loss and 
administration of supplemental oxygen to promote 
oxygen saturation and transport and to prevent isch-
emia and dysrhythmias. Intubation may be required 

for actively bleeding patients at high risk for aspi-
ration, those with a diminished mental status, and 
those in respiratory distress. An indwelling urinary 
catheter is inserted to monitor urine output and the 
adequacy of fl uid resuscitation.

• Volume resuscitation. Patients with acute upper 
gastrointestinal bleeding require immediate IV 
access with at least two large-bore (14- to 16-gauge) 
IV catheters or central access. Because these 
patients typically require blood replacement in 
addition to fl uids, a type and cross-match is sent 
early in the course of the blood loss. Isotonic solu-
tion, Ringer’s lactate or normal saline, is infused to 
restore circulating volume and to prevent progres-
sion to hypovolemic shock. Calcium replacement 
may be necessary if large numbers of packed red 
blood cells (PRBCs) are transfused because the 
citrate in banked blood products can bind calcium 

TA B L E  2 5 - 1 Laboratory Abnormalities in a Patient With Acute Upper Gastrointestinal Bleeding

Laboratory Abnormality Cause

Decreased hemoglobin and hematocrit Blood loss, hemodilution resulting from fl uid resuscitation
Mild leukocytosis and hyperglycemia Immune response to stress
Elevated blood urea nitrogen (BUN) Large protein load from breakdown of blood
Hypernatremia Hemoconcentration
Hypokalemia Potassium loss through emesis, diarrhea
Prolonged prothrombin time (PT)/partial thromboplastin 

time (PTT)
Liver disease, concurrent long-term anticoagulant therapy

Thrombocytopenia Possible presence of liver disease
Hypoxemia Decreased circulating hemoglobin and hypovolemic shock
Metabolic acidosis Anaerobic metabolism

B O X  2 5 - 3  Nursing Interventions for the Patient With Acute Upper Gastrointestinal Bleeding

• Maintain a patent airway, elevate the head of the bed, 
and have suction available at the bedside to prevent 
aspiration of emesis or blood.

• Administer oxygen therapy to treat hypoxia that may 
result from decreased hemoglobin levels.

• Monitor pulse oximetry.
• Assess and document signs and symptoms of shock 

(eg, restlessness; diminished peripheral pulses; cool, 
pale, or moist skin).

• Assess and document vital signs, urine output, hemo-
dynamic values, and arterial oxygen saturation (SaO

2).
• Assess and document electrocardiographic monitoring 

and heart, lung, and bowel sounds.
• Assist with the placement of a central venous pressure 

(CVP) catheter or a pulmonary artery (PA) catheter.
• Monitor and document central venous pressure (CVP), 

pulmonary artery pressure, pulmonary artery occlu-
sion pressure (PAOP), cardiac output, and systemic 
vascular resistance.

• Maintain IV access and administer IV fl uids and blood 
products as ordered.

• Insert a nasogastric tube and lavage as ordered.

• Administer medications as ordered to reduce gastric 
acid secretion.

• Administer vasopressin or octreotide as ordered.
• Maintain accurate intake and output (including urine, 

nasogastric drainage, and emesis) every 1 to 2 hours 
and PRN.

• Monitor electrolytes and report abnormal values.
• Monitor hemoglobin, hematocrit, red blood cell count, 

prothrombin time (PT), partial thromboplastin time 
(PTT), and blood urea nitrogen (BUN) and report 
abnormal values.

• Provide mouth care as needed.
• Explain all procedures to the patient.
• Prepare the patient for diagnostic procedures and 

therapeutic interventions.
• Monitor the patient for potential complications of 

endoscopy or colonoscopy (eg, perforation, sepsis, 
pulmonary aspiration, induced bleeding).

• Teach the patient the importance of seeking medical 
intervention if signs or symptoms of bleeding recur.

• Encourage smoking cessation and avoidance of 
alcohol.
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alternative to EVL, involves injecting the varices 
with a sclerosing agent to stop the bleeding. These 
agents cause local tamponade and vasoconstric-
tion, leading to necrosis and eventual sclerosis 
(scarring) of the bleeding vessel. Injection sclero-
therapy is associated with a higher complication 
rate than EVL.

• Angiography. Most cases of upper gastrointesti-
nal bleeding resolve spontaneously or can be con-
trolled during endoscopy. However, patients with 
persistent bleeding may require angiography to 
control the source of bleeding. During angiogra-
phy, bleeding from an arterial source can be con-
trolled by the infusion of intra-arterial vasopressin 
or by embolization of the artery.

• Transjugular intrahepatic portosystemic shunt 
(TIPS). In this radiologic procedure, a stent is 
placed to create a conduit between the hepatic 
and portal vein, which decreases portal pressure 
(Fig. 25-1). TIPS may be considered if endoscopic 
management of esophageal varices fails.

• Surgery. Indications for surgical intervention are 
given in Box 25-4. A bleeding ulcer may be treated 
by simple suturing (ie, oversew of the ulcer), or 
by highly selective vagotomy (severing the sec-
tion of the vagus nerve which innervates pari-
etal glands to decrease gastric acid secretions), 
antrectomy (removal of the lower portion of the 
stomach, which contains the most acid-producing 
cells), or both. Because denervation of the vagus 
nerve affects gastric motility, pyloroplasty (widen-
ing of the opening into the duodenum) is often 
performed in conjunction with vagotomy to allow 
for continued gastric emptying. Surgical decom-
pression of portal hypertension may be used for 
patients with esophageal or gastric varices who are 
unresponsive to medical and endoscopic therapy. 
Surgical decompression procedures entail the cre-
ation of a bypass to divert some of the blood fl ow 
away from the portal vein, around the liver, and 
into the vena cava, thereby decreasing pressure.

and lead to hypocalcemia. If necessary, vasoactive 
drugs may be used after fl uid balance is restored 
to maintain blood pressure and perfusion to vital 
body organs.

• Nasogastric intubation. A large-bore nasogastric 
tube may be placed (after an endoscopy identifi es 
the cause of the hemorrhage) to aspirate and lavage 
gastric contents. The color of gastric aspirate is 
prognostically signifi cant; slow bleeds (indicated 
by coffee-ground or black nasogastric drainage) 
are associated with a lower mortality rate than 
rapid bleeds (indicated by bright red bloody naso-
gastric drainage). Lavage may slow or arrest the 
bleeding and is performed by instilling 250 to 
500 mL of room temperature tap water or saline 
through the nasogastric tube and then removing 
the lavage fl uid with a syringe or by intermittent 
wall suction until gastric secretions are clear.

RED FLAG! Lavage may allow better visualization to 
identify the source of bleeding during endoscopy, but 
placement of a nasogastric tube prior to endoscopy 
should be performed with extreme caution because 
doing so may damage a varix and worsen blood 
loss. 

RED FLAG! Lavage is contraindicated if the patient 
has a visible blood clot on the ulcer bed identifi ed by 
endoscopy.

• Pharmacotherapy. Proton-pump inhibitors may 
be administered to patients with acute upper 
gastrointestinal bleeding to decrease the risk 
for recurrent bleeding, particularly from ulcers. 
Decreasing portal pressure with vasopressin, 
somatostatin, or octreotide (a synthetic analog 
of somatostatin) may be considered for patients 
with suspected variceal hemorrhage. These agents 
decrease portal hypertension by constricting the 
splanchnic arteries, which reduces portal blood 
fl ow. Vasopressin is administered through a cen-
tral line. Systemic effects of vasopressin include 
coronary artery constriction, which can result in 
myocardial ischemia. Concurrent administration 
of IV or topical nitroglycerin can minimize this 
effect. Somatostatin and octreotide have the same 
mechanism of action as vasopressin, with fewer 
systemic and cardiovascular side effects.

Defi nitive Management
• Endoscopy. In addition to its use in diagnosis, 

endoscopy is the procedure of choice for the 
treatment of acute upper gastrointestinal bleed-
ing. Multiple therapeutic options are available, 
including injection sclerotherapy (injection of 
an agent such as epinephrine around and into a 
bleeding vessel), thermal coagulation, the place-
ment of hemostatic clips, and endoscopic variceal 
ligation (EVL). EVL, the treatment of choice for 
variceal bleeding, entails endoscopic placement 
of a rubber band around the base of each varix, 
causing coagulative necrosis and sloughing of 
thrombosed varices. Injection sclerotherapy, an 
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F I G U R E  2 5 - 1  Transjugular intrahepatic portosystemic shunt (TIPS).
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The Older Patient. The incidence of angiodysplasia 
increases with age owing to degeneration of the 
vessel walls. 

Assessment
Acute lower gastrointestinal bleeding is defi ned by 
hemodynamic instability and the sudden onset of 
hematochezia (stool containing fresh blood that 
ranges in color from bright red to maroon). Relevant 
fi ndings in the medical history include abdominal 
surgery; a previous bleeding episode; anticoagula-
tion therapy; peptic ulcer disease; infl ammatory 
bowel disease; radiation to the abdomen or pelvis; 
or cardiopulmonary, renal, or liver disease. Initial 
laboratory studies include a complete blood count, 
serum electrolytes, blood urea nitrogen (BUN) and 
creatinine levels, and prothrombin time (PT) and 
partial thromboplastin time (PTT).

Colonoscopy is the test of choice for evaluation 
of lower gastrointestinal bleeding. Advantages of 
colonoscopy include the ability to locate the source 
of bleeding precisely, the ability to perform biop-
sies, and the potential for therapeutic intervention. 
Before colonoscopy, the colon needs to be cleansed 
with 4 L of polyethylene glycol solution given orally 
or by nasogastric tube until the fecal waste is clear. If 
colonoscopy fails to identify a bleeding source, angi-
ography or radionucleotide scanning may be used. 
Angiography requires active blood loss of 0.5 to 
1.0 mL/min to localize a bleeding site because the 
contrast in the arterial system is present for only a 
short time.5 Radionucleotide scanning, which can 
detect bleeding that occurs at rates as low as 0.04 
to 0.05 mL/min, is more sensitive than angiography 
but less specifi c than either colonoscopy or a posi-
tive angiogram.1,4 Radionucleotide scanning may be 
useful before angiography because a positive scan 
can aid in the localization of the bleed.

An exploratory laparotomy to identify the source 
of bleedings is indicated for patients with massive or 
recurrent bleeding and for those patients with high 
transfusion requirements.

Management
Like patients with acute upper gastrointestinal 
bleeding, patients with acute lower gastrointestinal 
bleeding require fl uid resuscitation and frequently 
blood replacement as well. A nasogastric tube is 
inserted to exclude an upper gastrointestinal source 
of bleeding (indicated by bloody aspirate). Once it 
is determined that the source of the bleeding is the 
lower gastrointestinal tract, colonoscopy is the pro-
cedure of choice for defi nitive treatment. Other ther-
apeutic modalities include angiography and surgery.

• Colonoscopy. If a source of bleeding is identifi ed 
during colonoscopy, therapeutic options include 
thermal coagulation or injection with epinephrine 
or other sclerosing agents.

• Angiography is reserved for patients with mas-
sive, ongoing bleeding when colonoscopy is not 
an acceptable option, and for those with recurrent 

Lower Gastrointestinal Bleeding
Etiology
Lower gastrointestinal bleeding originates in the 
jejunum, ileum, colon, or rectum, and is less com-
mon than upper gastrointestinal bleeding. Common 
causes of lower gastrointestinal bleeding are listed 
in Box 25-5. Most patients with acute lower gastro-
intestinal bleeding who are admitted to the critical 
care unit have diverticulosis or angiodysplasia.

• Diverticulosis. Diverticula (saclike protrusions 
that usually develop where arteries penetrate the 
colon wall) are prone to injury. Risk factors for 
diverticular bleeding include a low-fi ber diet, aspi-
rin and NSAID use, advanced age, and constipa-
tion. In many cases, diverticular bleeding will stop 
spontaneously, but up to 25% of patients experience 
massive bleeding, resulting in the need for surgery.3

• Angiodysplasia (arteriovenous malformation, 
angioma) is the term used to describe dilated, tor-
tuous submucosal veins, small arteriovenous com-
munications, or enlarged arteries whose walls lack 
smooth muscle. Angiodysplasia can occur any-
where in the colon, but it is most common in the 
cecum and ascending colon. As opposed to bleed-
ing from diverticula, bleeding from angiodysplasia 
may be venous or arteriovenous and is therefore 
usually less severe than bleeding from diverticular 
disease, which is arterial.

B O X  2 5 - 4   Indications for Surgical 
Intervention for Acute Upper 
Gastrointestinal Bleeding

• Severe hemorrhage unresponsive to initial 
resuscitation

• Massive bleeding that is immediately life-threatening
• Unavailable or failed endoscopic therapy
• Perforation
• Obstruction
• Suspected malignancy
• Continued bleeding despite aggressive medical 

therapies

B O X  2 5 - 5   Major Causes of Acute Lower 
Gastrointestinal Bleeding

• Diverticulosis
• Angiodysplasia
• Malignant tumors
• Polyps
• Ulcerative colitis
• Crohn’s disease
• Ischemic colitis
• Infectious colitis
• Hemorrhoids
• Massive upper gastrointestinal hemorrhage
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Mild acute pancreatitis (called interstitial or edem-
atous pancreatitis) is characterized by areas of fat 
necrosis in and around pancreatic cells and local-
ized interstitial edema. In severe acute pancreatitis 
(called hemorrhagic or necrotizing pancreatitis), pan-
creatic enzymes, vasoactive substances, hormones, 
and cytokines released from the injured pancreas 
cause a cascade of events that can lead to local and 
systemic edema, vascular damage, hemorrhage, and 
necrosis. Systemic infl ammatory response syndrome 
(SIRS) may develop and can result in distant organ 
damage and multisystem organ failure. This systemic 
response is responsible for most of the morbidity and 
mortality associated with severe acute pancreatitis 
(Box 25-7). Death during the fi rst 2 weeks of severe 
acute pancreatitis usually results from pulmonary 
or renal complications (eg, acute respiratory distress 
syndrome [ARDS], acute renal failure).

Local complications from acute pancreatitis 
resulting from infl ammation of the peritoneum and 
fl uid accumulation in the peritoneal cavity include 
pancreatic pseudocyst and pancreatic abscess:

• Pancreatic pseudocyst is a collection of infl am-
matory debris and pancreatic secretions enclosed 
by epithelial tissue. Signs and symptoms of pan-
creatic pseudocyst include persistent abdominal 
pain with nausea and vomiting, a prolonged fever, 
and elevated serum amylase. A pancreatic pseu-
docyst can rupture and hemorrhage or become 
infected, causing sepsis.

• Pancreatic abscess is a walled-off collection of 
purulent material in or around the pancreas that 

or persistent bleeding from a source not identifi ed 
on colonoscopy. When an active source is identi-
fi ed, arteriographic intervention with emboliza-
tion or intra-arterial vasopressin may be used. 
Embolization is preferred because of the high inci-
dence of complications and rebleeding after stop-
ping the vasopressin infusion.5

• Surgery. A segmental bowel resection with a pri-
mary anastomosis is often necessary for defi nitive 
treatment of acute lower gastrointestinal bleeding. 
In patients who are unstable, a temporary stoma 
and mucus fi stula may be created.

Acute Pancreatitis
Acute pancreatitis is acute infl ammation of the 
pancreas that can also involve surrounding tissues 
and remote organs. Causes of acute pancreatitis are 
given in Box 25-6; gallstones and excessive alcohol 
use account for 70% to 80% of cases.

Acute pancreatitis is self-limiting and mild in 
80% to 90% of patients, resolving spontaneously 
within 5 to 7 days. However, 10% to 20% of patients 
will develop severe acute pancreatitis, which is asso-
ciated with local and systemic complications and a 
signifi cantly higher mortality rate.

Pathophysiology
The acinar cells of the pancreas synthesize and secrete 
digestive enzymes to assist in the breakdown of starch, 
fat, and proteins. Normally, these enzymes remain 
inactive until they enter the duodenum. In acute pan-
creatitis, pancreatic enzymes become prematurely 
activated in the pancreas, resulting in autodigestion 
of the pancreas and the peripancreatic tissue.

B O X  2 5 - 6   Major Causes of Acute Pancreatitis

• Biliary disease (gallstones or microlithiasis, common 
bile duct obstruction, biliary sludge)

• Chronic alcohol use
• Medications (thiazide diuretics, furosemide, pro-

cainamide, tetracycline, sulfonamides, azathioprine, 
6-mercaptopurine, angiotensin-converting enzyme 
inhibitors, valproic acid)

• Hypertriglyceridemia
• Hypercalcemia
• Abdominal trauma (pancreatic injury)
• Endoscopic retrograde cholangiopancreatography 

(ERCP)
• Infectious processes (mumps, staphylococcal and 

viral infections)
• Pancreas divisum
• Abdominal surgery
• Gynecologic disorders (eg, ectopic pregnancy, 

 ovarian cyst)
• Total parenteral nutrition (TPN)
• Idiopathic
• Pancreatic tumors

B O X  2 5 - 7   Systemic Effects of Acute 
Pancreatitis

Pulmonary
• Atelectasis
• Acute respiratory distress syndrome (ARDS)
• Pleural effusions

Cardiovascular
• Hypotensive shock
• Septic shock
• Hemorrhagic shock

Renal
• Acute kidney failure

Hematological
• Disseminated intravascular coagulation (DIC)

Metabolic
• Hyperglycemia
• Hypertriglyceridemia
• Hypocalcemia
• Metabolic acidosis

Gastrointestinal
• Gastrointestinal bleeding
• Ileus
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Laboratory studies ordered in the evaluation of a 
patient with acute pancreatitis include those used to 
evaluate pancreatic and liver function and a serum 
electrolyte panel. Imaging studies ordered to confi rm 
the diagnosis, evaluate severity, and identify poten-
tial causes may include computed tomography (CT), 
abdominal ultrasound, magnetic resonance cholan-
giopancreatography (MRCP), and endoscopic retro-
grade cholangiopancreatography (ERCP).

An important aspect of assessment is identifying 
those patients who are likely to develop severe acute 
pancreatitis. Early identifi cation permits aggres-
sive treatment and surveillance, which can decrease 
complications and mortality. Ranson’s criteria 
(Box 25-9) are widely used to assess the severity of 
acute pancreatitis. Three or more signs identifi ed at 
the time of admission or during the initial 48 hours 
are predictive of severe acute pancreatitis, with an 
associated mortality rate of 10% to 20%.6 Six or 
more have a corresponding mortality rate of 39%.6

Management
Care of the patient with acute pancreatitis focuses 
on fl uid and electrolyte replacement, pain manage-
ment, resting the pancreas to prevent the release of 
pancreatic secretions, and maintaining the patient’s 
nutritional status. A collaborative care guide for the 
patient with acute pancreatitis is given in Box 25-10.

• Fluid replacement. The goal of fl uid replacement 
is to administer enough fl uid to obtain a circulat-
ing volume suffi cient to maintain organ and tissue 
perfusion and prevent end-stage shock. Patients 
with severe acute pancreatitis may require 5 to 
10 L of fl uid replacement within the fi rst 24 hours 
of hospitalization. Hypovolemia and shock are 
major causes of death early in the disease process 

usually occurs 6 weeks or more after the onset of 
acute pancreatitis. Signs and symptoms of pancre-
atic abscess include an elevated white blood cell 
(WBC) count, fever, abdominal pain, and vomiting.

RED FLAG! Infections after the onset of pancreatitis 
(eg, due to abscess, pseudocyst, or infection 
of necrotic tissue), if untreated, are often fatal. 

Assessment
Clinical manifestations of acute pancreatitis are 
given in Box 25-8. Abdominal pain, the hallmark of 
acute pancreatitis, is usually midepigastric or peri-
umbilical, with radiation to the back, but it may 
radiate to the spine, fl ank, or left shoulder. The pain 
usually begins abruptly, often after a large meal or 
large intake of alcohol. It may be steady and severe, 
or it may increase in intensity over several hours. 
The pain is usually exacerbated when the patient 
lies supine and is usually relieved when the patient 
sits and leans forward or lies in a fetal position. 
Abdominal pain is often accompanied by nausea, 
vomiting or both; abdominal distention; tachycar-
dia; hypotension, and a low-grade fever.

RED FLAG! A persistent or high fever may indicate 
complications, such as peritonitis, cholecystitis, or 
abscess.

B O X  2 5 - 8   Clinical Manifestations of Acute 
Pancreatitis

History and Physical Examination Findings
• Abdominal pain
• Nausea or vomiting without pain relief
• Tachycardia
• Hypotension
• Low-grade fever
• Diffuse abdominal tenderness and guarding
• Hypoactive or absent bowel sounds
• Abdominal distention
• Grey Turner’s sign (fl ank ecchymosis)
• Cullen’s sign (umbilical ecchymosis)
• Jaundice (with biliary disease)

Laboratory Findings
• Elevated serum and urine amylase
• Elevated serum lipase
• Elevated WBC count
• Hypokalemia
• Hypocalcemia
• Elevated bilirubin, aspartate aminotransferase 

(AST), and prothrombin time (PT) (with liver 
disease)

• Elevated alkaline phosphatase (AP) level (with  biliary 
disease)

• Hypertriglyceridemia
• Hyperglycemia
• Hypoxemia

B O X  2 5 - 9   Ranson’s Criteria for Acute 
Pancreatitis

Evaluate on Admission or on Diagnosis
• Age greater than 55 years
• Leukocyte count greater than 16,000/mL
• Serum glucose greater than 200 mg/dL
• Serum lactate dehydrogenase (LDH) greater than 

350 IU/mL
• Serum aspartate aminotransferase (AST) greater 

than 250 IU/dL

Evaluate During Initial 48 Hours
• Decrease in hematocrit greater than 10%
• Increase in blood urea nitrogen (BUN) greater than 

5 mg/dL
• Serum calcium less than 8 mg/dL
• Base defi cit greater than 4 mEq/L
• Estimated fl uid sequestration greater than 6 L
• Arterial oxygen saturation (PaO2) less than 

60 mm Hg
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B O X  2 5 - 1 0 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With Acute Pancreatitis

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
Arterial blood gases (ABGs) are maintained 

within normal limits.
• Assist the patient to turn, deep-breathe, cough, and use incentive 

spirometer q4h and PRN. Provide chest physiotherapy.
• Assess for hypoventilation, rapid and shallow breathing, and respi-

ratory distress.
• Monitor pulse oximetry, end-tidal CO2, and ABGs.
• Administer analgesics if splinting is reducing effective ventilation.
• Provide supplemental oxygen as needed.

The patient’s lungs are clear. • Auscultate breath sounds q2–4h and PRN.

The patient has no evidence of atelectasis, 
pneumonia, or ARDS.

• Suction only when rhonchi are present or secretions are visible in 
endotracheal tube.

• Hyperoxygenate and hyperventilate before and after each suction 
pass.

 

Circulation/Perfusion
Blood pressure, heart rate, and hemodynamic 

parameters are within normal limits.
• Monitor vital signs q1–2h.
• Monitor PA pressures and right atrial pressure q1h and cardiac 

output, systemic vascular resistance, and peripheral vascular 
 resistance q6–12h if PA catheter is in place.

• Maintain patent IV access.
• Administer intravascular volume as indicated by real or relative 

hypovolemia, and evaluate response.

Serum lactate is within normal limits. • Monitor lactate daily until it is within normal limits.
• Administer red blood cells, positive inotropic agents, colloid 

 infusion as ordered to increase oxygen delivery.

The patient does not experience bleeding 
related to acute gastrointestinal 
hemorrhage, coagulopathies, or DIC.

• Monitor PT, PTT, complete blood count daily or PRN.
• Assess for signs of bleeding.
• Observe for Cullen’s or Grey Turner’s signs.
• Administer blood products as indicated.

 

Fluids/Electrolytes
The patient is euvolemic. • Maintain patent IV access.

• Monitor daily weights.
• Monitor I&O.
• Measure abdominal girth q8h at the same location on the 

abdomen.

There is no evidence of electrolyte imbalance 
or renal dysfunction.

• Monitor electrolytes daily and PRN.
• Assess for signs of lethargy, tremors, tetany, and dysrhythmias.
• Replace electrolytes as ordered.
• Monitor BUN, creatinine, serum osmolality, and urine electrolytes 

daily.
 

Mobility/Safety
There is no evidence of complications related 

to bedrest and immobility.
• Initiate deep venous thrombosis (DVT) prophylaxis.
• Reposition frequently.
• Ambulate to chair when acute phase is past, and hemodynamic 

stability and hemostasis are achieved.

The patient achieves or maintains ability to 
conduct activities of daily living (ADLs) and 
mobilize self.

• Consult physical therapist.
• Conduct range-of-motion and strengthening exercises.

There is no evidence of infection and WBCs 
are within normal limits.

• Monitor for SIRS as evidenced by increased WBC count, increased 
temperature, tachypnea, tachycardia.

• Use strict aseptic technique during procedures.
• Maintain invasive catheter tube sterility.
• Change invasive catheters; culture blood, line tips, or fl uids accord-

ing to facility protocol.
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B O X  2 5 - 1 0 C O L L A B O R A T I V E  C A R E  G U I D E  ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Skin Integrity
The patient is without evidence of skin 

breakdown.
• Assess skin q8h and each time the patient is repositioned.
• Turn q2h.
• Consider pressure relief/reduction mattress.

 

Nutrition
Caloric and nutrient intake meet metabolic 

requirements per calculation (eg, basal 
energy expenditure).

• Provide parenteral feeding.
• Maintain NPO status.
• Consult dietitian or nutritional support service.
• Observe fat or lipid restriction as ordered.
• Provide small, frequent feedings.

Evidence of metabolic dysfunction is minimal. • Monitor albumin, prealbumin, transferrin, cholesterol, triglycer-
ides, glucose.

 

Comfort/Pain Control
The patient is as comfortable as possible 

(as evidenced by stable vital signs 
or cooperation with treatments or 
procedures).

• Document pain assessment, using numerical pain rating or similar 
scale when possible.

• Administer analgesics and monitor the patient response.
• Use nonpharmacological pain management techniques (eg, music, 

distraction, touch) as adjunct to analgesics.

The patient has minimal nausea. • Maintain nasogastric tube patency.
• Monitor nausea and vomiting.
• Administer antiemetic as ordered.

 

Psychosocial
The patient demonstrates decreased anxiety. • Assess the patient’s response to anxiety.

• Support effective coping behaviors.
• Help the patient increase sense of control by providing informa-

tion, allowing choices, and maintaining as much predictability in 
routine as possible.

 

Teaching/Discharge Planning
The patient and family understand procedures 

and tests needed for treatment.
• Prepare the patient and family for procedures such as paracente-

sis, PA catheter insertion, or laboratory studies.

Family understands the severity of the illness, 
asks appropriate questions, anticipates 
potential complications.

• Explain the widespread effects of pancreatitis and the potential for 
complications such as sepsis or ARDS.

• Encourage family to ask questions related to pathophysiology, 
monitoring, treatments, and so on.

• Provide appropriate discharge teaching related to dietary limita-
tions, medications, wound care, and so on.

when aggressive fl uid resuscitation fails to reverse 
the shock process.

• Electrolyte replacement. Replacement of electro-
lytes (calcium, magnesium, potassium) is also part 
of the initial management of patients with acute 
pancreatitis. Patients with severe hypocalcemia 
are placed on seizure precautions with respiratory 
support equipment on hand. Serum magnesium 
defi ciency usually needs to be corrected before cal-
cium and potassium levels can return to normal.

• Pain management. Acute pancreatitis is extremely 
painful. In addition, pain increases pancreatic 
enzyme secretion. For these reasons, pain control 
is a nursing priority for patients with acute pancre-
atitis. Although meperidine has traditionally been 

the analgesic of choice because of the potential 
for sphincter of Oddi spasm that can accompany 
opioid use, if meperidine is not effective, other 
analgesics (including morphine) should be used 
as necessary for pain control.

• Pancreatic rest. Gastric distention, food in the 
stomach, and chyme in the duodenum can all stim-
ulate the pancreas to secrete, further exacerbating 
the pancreatitis. Interventions include placing the 
patient on NPO status; placing a nasogastric tube 
connected to low wall suction to relieve gastric 
distention; administering proton-pump inhibi-
tors to decrease acid production; and adminis-
tering octreotide, somatostatin, or sandostatin to 
decrease pancreatic secretion of digestive enzymes.
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B O X  2 5 - 1 1   Causes of Hepatitis

Infectious Diseases
• Viral hepatitis (A, B, C, D, E)
• Epstein–Barr virus
• Cytomegalovirus
• Herpes simplex virus
• Coxsackievirus B
• Toxoplasmosis
• Adenovirus
• Varicella-zoster virus

Drugs and Toxins
• Alcohol
• Acetaminophen
• Isoniazid
• Salicylates
• Anticonvulsants
• Antimicrobials
• HMG-CoA reductase inhibitors
• α-Methyldopa
• Amiodarone

• Estrogens
• Poisonous mushrooms (eg, Amanita phalloides)
• Ecstasy (methylenedioxymethamphetamine)
• Herbal medicines (ginseng, comfrey tea, pennyroyal 

oil, Teucrium polium)

Autoimmune Diseases
• Autoimmune hepatitis
• Primary biliary cirrhosis
• Primary sclerosing cholangitis

Congenital Diseases
• Hemochromatosis (iron overload)
• Wilson’s disease (copper deposition)
• α1-Antitrypsin defi ciency

Miscellaneous Causes
• Nonalcoholic fatty liver
• Fatty liver of pregnancy
• Severe right-sided heart failure
• Budd–Chiari syndrome (vascular obstruction)

• Nutritional support. Patients with acute pan-
creatitis who are on prolonged NPO status with 
nasogastric suction require nutritional support. 
Total parenteral nutrition (TPN) has been tradi-
tionally used because it provides nutrients with-
out stimulating the pancreas. Increasing evidence 
suggests that enteral nutrition delivered past the 
ligament of Treitz to the distal duodenum or 
jejunum is safe for patients with acute pancre-
atitis; an added benefi t is that enteral nutrition 
may reduce bacterial translocation by maintain-
ing intestinal barrier function. Supplementation 
with TPN is appropriate if oral and enteral nutri-
tion cannot provide enough calories to prevent 
catabolism. Hyperglycemia, which is often seen 
in acute pancreatitis, is managed by insulin 
protocol.

• Surgery. Surgery for acute pancreatitis is indi-
cated if massive pancreatic necrosis is present in a 
patient with a worsening clinical status. Pancreatic 
resection or debridement can be performed to 
remove dead or infected pancreatic tissue and pre-
vent systemic complications in patients with acute 
necrotizing pancreatitis. Broad-spectrum antibi-
otics are administered following surgical debride-
ment of necrotic tissue.

Hepatic Failure
Hepatocytes, the functional cells of the liver, perform 
many essential functions, including the metabolism 
of nutrients; the detoxifi cation of medications, tox-
ins, and hormones; the synthesis of clotting factors; 
and bile formation and secretion. Abnormal liver 
function is usually not apparent unless a signifi cant 
acute insult occurs or chronic liver disease is fairly 

advanced. Hepatic failure occurs when there is a 
loss of 60% of the hepatocytes, and symptoms are 
usually detectable after 75% or more of the hepato-
cytes are injured or killed.

Etiology
Liver failure may be acute or chronic. Common 
causes of acute liver failure include toxicity (eg, 
acetaminophen toxicity) and viral hepatitis. Chronic 
liver failure can develop as a result of long-standing 
liver disease, such as cirrhosis or chronic hepatitis.

Hepatitis
Hepatitis (ie, diffuse infl ammation of the liver) can 
be noninfectious or infectious in origin (Box 25-11). 
Acute hepatitis lasts less than 6 months; it either 
resolves completely with return of normal liver 
function or progresses to chronic hepatitis. Chronic 
hepatitis is an infl ammatory process that lasts lon-
ger than 6 months and may also progress to cirrho-
sis and possibly liver failure.

Although systemic viral infection can cause hepa-
titis, hepatitis viruses A, B, C, D, and E infect the 
liver parenchyma specifi cally. Infection with hepati-
tis B, C, or D is most likely to cause acute or chronic 
liver failure.

• Hepatitis B virus (HBV). Acute HBV infection 
leads to fulminant liver failure in less than 1% 
of patients. Fulminant liver failure as a result 
of HBV develops within 4 weeks of the onset of 
symptoms and is associated with encephalopathy, 
multiorgan failure, and a mortality rate of 80% if 
not treated with liver transplantation.7 Chronic 
active HBV is seen in 5% to 10% of patients. The 
degree of liver impairment in chronic active HBV 
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varies from mild to serious and can progress to 
cirrhosis.8

• Hepatitis C virus (HCV). Infection with HCV is 
the leading cause of liver cirrhosis and liver trans-
plantation in the United States.9 Chronicity can 
occur in as many as 55% to 85% of patients who 
develop acute HCV infection. Of those patients, 
5% to 20% develop cirrhosis over the next 20 to 
25 years.9

• Hepatitis D virus (HDV). HDV infection may 
occur as a superinfection in a patient who has 
chronic HBV infection, or it may occur simulta-
neously with an acute HBV infection. HDV can 
progress to fulminant liver failure or chronic 
disease.

Cirrhosis
Cirrhosis is a chronic disease characterized by 
the replacement of normal hepatic tissue with 

fi brous tissue, which distorts the liver structure, 
alters blood fl ow, and impairs hepatocyte func-
tion. Common causes of cirrhosis include alcohol 
abuse and chronic hepatitis. Ongoing insults to the 
hepatic tissue result in infl ammation, fatty depos-
its, and hepatocyte necrosis, which is followed 
by the formation of fi brous tissue. These fi brotic 
changes are irreversible, resulting in impediment 
of blood fl ow through the liver (portal hyperten-
sion), chronic liver dysfunction, and, eventually, 
liver failure.

In cirrhosis, infl ammation, fi brotic changes, and 
increased intrahepatic vascular resistance obstruct 
normal blood fl ow through the portal vein, leading 
to portal hypertension (Fig. 25-2). Pressure builds 
up in the portal system, causing congestion where 
the portal and systemic venous systems meet (ie, the 
esophagus, stomach, and rectum), resulting in the 
development of varices. Congestion as a result of por-
tal hypertension also causes caput medusa (distention 
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Systemic circulation
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Liver
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Cirrhosis obstructs
portal blood flow

Superior
epigastric
vein

Umbilical vein
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F I G U R E  2 5 - 2  Effects of portal hypertension.
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TA B L E  2 5 - 2 Effects of Impaired Liver Function

Signs and Symptoms Cause

Constitutional
Generalized weakness, malnutrition Inability to metabolize nutrients

Gastrointestinal
Right upper quadrant pain (hepatomegaly) Congestion of liver and portal hypertension
Left upper quadrant pain (splenomegaly) Congestion of liver and portal hypertension
Loss of appetite Ascites, fatigue
Abdominal distention (ascites) Hypoalbuminemia, increased circulating blood volume
Nausea, vomiting/hematemesis Portal hypertension, variceal hemorrhage
Clay-colored feces (steatorrhea) Inability to absorb dietary fat
Melena, hematochezia Portal hypertension, variceal hemorrhage

Pulmonary
Shortness of breath, dyspnea Ascites, decreased lung and diaphragmatic expansion

Cardiac
Tachycardia, hypotension Sequestration of fl uid in the liver and spleen, third-spacing in the 

peripheral extremities from decreased protein metabolism/low 
albumin levels

Dysrhythmias Electrolyte disturbances
Peripheral edema Impaired protein metabolism

Neurological
Headache Impaired metabolism of ammonia and other circulating toxins
Depression/irritability
Asterixis (a fl apping tremor, usually of the hands)

Genitourinary
Decreased urinary output Decreased circulating volume and impaired glomerular fi ltration rate 

(GFR)
Frothy, dark amber urine Excretion of unconjugated bilirubin

Integumentary
Jaundice Inability to conjugate bilirubin for excretion
Pruritus, dry skin Impaired excretion of bilirubin
Bruising, ecchymosis Impaired ability to synthesize clotting factors, decreased absorption 

of vitamin K
Spider nevi, caput medusae Portal hypertension
Palmar erythema Inability to breakdown aldosterone (hyperdynamic circulation)
Hair loss Impaired metabolism of circulating hormones
Peripheral edema Hyperdynamic circulation, low albumin

Endocrine
Hypoglycemia Impaired glucose metabolism and storage
Increased weight Ascites, third-spacing of fl uid
Gynecomastia, testicular atrophy (in men) Inability to metabolize hormones (eg, estrogens)

Immune
Infection, spontaneous bacterial peritonitis Impaired Kupffer cell function, splenomegaly

of the superfi cial abdominal blood vessels), ascites 
(abdominal fl uid collection), and splenomegaly.

Clinical Manifestations
Because the liver performs so many varied func-
tions, many organ systems are affected in liver 
failure (Table 25-2). Serious complications of liver 
failure include hepatic encephalopathy, hepatorenal 
syndrome, and spontaneous bacterial peritonitis.

Hepatic Encephalopathy
Patients with severe liver disease can develop 
hepatic encephalopathy (ie, abnormal mental func-
tioning caused by the inability of the liver to remove 
ammonia and other toxins from the blood). Clinical 
manifestations of hepatic encephalopathy can be 
subtle and include changes in memory, personal-
ity, concentration, and reaction times. If untreated, 
more apparent neurologic alterations (eg, cognitive 
changes, irritability or agitation, reversal of day 
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Management
A collaborative care guide for the patient with 
 cirrhosis and impending liver failure is given in 
Box 25-12. Management goals include prevention of 
additional stress on liver function and early recogni-
tion and treatment of complications. Interventions 
include monitoring nutritional markers and provid-
ing nutrition; monitoring fl uid balance, urinary out-
put, electrolytes, and chemistry studies; monitoring 
pharmacotherapy (ie, drug types and dosages); and 
monitoring bleeding times, platelet function, hema-
tocrit, and clinical manifestations of bleeding (eg, 
bleeding gums, epistaxis, ecchymosis, petechiae, 
hematemesis, hematuria, melena).10

Ascites is managed through bedrest, a low-sodium 
diet (no more than 2000 mg/d), fl uid restriction, and 
diuretic therapy.12 Diuresis with spironolactone (an 
aldosterone antagonist) is fi rst-line diuretic therapy 
for ascites; spironolactone may also be used in com-
bination with furosemide.12 Ascites absorption has 
an upper limit of 700 to 900 mL/d during diuresis 
therapy. If diuresis exceeds this limit, it may be at the 
expense of the intravascular volume and may potenti-
ate hemodynamic instability. Monitoring for electro-
lyte imbalance, particularly hypokalemia, is essential.

Paracentesis is also used to treat ascites in 
patients unresponsive to salt restriction and maxi-
mal diuretic therapy. Ascitic fl uid (up to 4 to 6 L/d) 
is withdrawn from the abdomen through percuta-
neous needle aspiration. Close monitoring of vital 
signs is important during paracentesis because a 
sudden loss of intravascular pressure may precipi-
tate hypotension, decreased renal perfusion, and 
tachycardia. Volume expanders (eg, albumin) are 
recommended if 5 L or more of ascitic fl uid is with-
drawn during a single paracentesis procedure.12 As 
with any invasive procedure, there is an increased 
risk for infection, particularly when the patient has 
refractory ascites due to continued deterioration of 
liver function and requires repeated large-volume 
paracentesis. For these patients, paracentesis does 
not improve the overall poor prognosis, and liver 
transplantation must be considered.

A TIPS procedure (see Fig. 25-1, p. 364) may be 
used to manage ascites and acute variceal hemor-
rhage nonsurgically. Absolute contraindications to 
a TIPS procedure include heart failure, severe tri-
cuspid regurgitation, multiple hepatic cysts, uncon-
trolled systemic infection or sepsis, unrelieved 
biliary obstruction, and severe pulmonary hyper-
tension (mean pressures greater than 45 mm Hg).13 
Complications include shunt occlusion, shunt steno-
sis, and hepatic encephalopathy.14 Hepatic encepha-
lopathy increases after a TIPS procedure because 
the shunt diverts some of the portal blood fl ow away 
from the liver parenchyma.

and night schedules, somnolence, terminal coma) 
develop. Management strategies to reverse hepatic 
encephalopathy include limiting protein intake 
to 20 to 40 g/d, administering lactulose (a laxative 
that acidifi es the colon to prevent the absorption of 
ammonia), and administering neomycin or metro-
nidazole to clear the gut of bacteria that promote 
nitrogenous production.

Hepatorenal Syndrome
Hepatorenal syndrome is the development of kidney 
failure in patients with severe liver disease (acute 
or chronic) in the absence of any other identifi -
able cause of renal pathology.11 Ascites, jaundice, 
hypotension, and oliguria are clinical fi ndings in 
hepatorenal syndrome; laboratory fi ndings typi-
cally include azotemia, elevated serum creatinine, 
urine sodium less than 10 mEq/L, and hypona-
tremia. There are two patterns of hepatorenal 
syndrome:

• Type 1 is often observed in acute liver failure or 
alcoholic hepatitis. The onset is rapid, with a cre-
atinine of more than 2.5 mg/dL or a 50% reduction 
in initial 24-hour creatinine clearance to less than 
20 mL/min within 2 weeks. Patients often appear 
jaundiced and have a signifi cant coagulopathy. 
Mortality from type 1 hepatorenal syndrome is 
80% (at 2 weeks).

• Type 2 usually occurs in patients with diuretic-
resistant ascites. Onset is more insidious, with 
deterioration in kidney failure over months, but it 
is also associated with a poor prognosis.11

Spontaneous Bacterial Peritonitis
Patients with liver disease may be more suscepti-
ble to infection because the hepatic Kupffer cells, 
which are responsible for phagocytosing foreign 
material and debris, do not function effi ciently. 
Spontaneous bacterial peritonitis is an acute bac-
terial infection of ascitic fl uid without an identifi -
able intra-abdominal source of infection. Signs 
and symptoms of spontaneous bacterial peritonitis 
include fever, chills, generalized abdominal pain, or 
tenderness with palpation (but rarely with rebound 
tenderness). Approximately 30% of patients with 
spontaneous bacterial peritonitis develop renal 
failure. If spontaneous bacterial peritonitis is sus-
pected, ascitic fl uid samples are sent for analysis 
and culture. Spontaneous bacterial peritonitis is 
highly likely if the ascitic fl uid leukocyte count is 
greater than 500 cells/L with more than 50% poly-
morphonuclear leukocytes.11 Pending results of the 
culture, the patient is treated with broad-spectrum 
antibiotics.

Morton_Chap25.indd   373Morton_Chap25.indd   373 2/4/2012   3:27:00 PM2/4/2012   3:27:00 PM



374 P A R T  S E V E N Gastrointestinal System

B O X  2 5 - 1 2 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Cirrhosis and Impending 
Liver Failure

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
ABGs are maintained within normal 

limits.
• Monitor pulse oximetry and ABGs, respiratory rate and pattern, and 

ability to clear secretions.
• Validate signifi cant changes in pulse oximetry with arterial blood 

saturation measurement.

The patient has no evidence of pulmonary 
edema or atelectasis.

• Assist the patient to turn, cough, deep-breathe, and use incentive 
spirometer q2h.

Breath sounds are clear bilaterally. • Provide chest percussion with postural drainage if indicated q4h.
• Monitor effect of ascites on respiratory effort and lung compliance.
• Position on side and with head of bed elevated to improve diaphrag-

matic movement.
 

Circulation/Perfusion
The patient achieves or maintains stable 

blood pressure and oxygen delivery.
• Monitor vital signs, including cardiac output, systemic vascular resis-

tance, oxygen delivery, and oxygen consumption.

Serum lactate is within normal limits. • Monitor lactate daily until it is within normal limits.
• Administer red blood cells, positive inotropic agents, colloid infusion 

as ordered to increase oxygen delivery.

The patient does not experience bleeding 
related to coagulopathies, varices, 
hepatorenal syndrome.

• Monitor PT, PTT, complete blood count daily.
• Assess for signs of bleeding (eg, blood in gastric contents, stools, or 

urine); observe for petechiae, bruising.
• Administer blood products as indicated.
• Assist with insertion and manage the esophageal tamponade balloon 

tube.
• Perform gastric lavage as needed.

 

Fluids/Electrolytes
The patient is euvolemic. • Obtain daily weights.

The patient does not gain weight due to 
fl uid retention.

• Monitor I&O.
• Monitor electrolyte values.
• Measure abdominal girth daily at the same location on the abdomen.
• Monitor signs of volume overload (eg, cardiac gallop, pulmonary 

crackles, shortness of breath, jugular venous distention, peripheral 
edema).

• Administer diuretics as ordered.
 

Mobility/Safety
The patient is alert and oriented. • Assess serum ammonia level.

• Administer lactulose as ordered.

Ammonia level is within normal limits. • Monitor level of consciousness, orientation, thought processing.
• Assess for asterixis.
• Take precautions to prevent falls.

The patient achieves or maintains ability 
to conduct ADLs and mobilize self.

• Consult physical therapist.
• Conduct range-of-motion and strengthening exercises.

There is no evidence of infection and 
WBC count is within normal limits.

• Monitor for SIRS as evidenced by increased WBC count, increased 
temperature, tachypnea, tachycardia.

• Use aseptic technique during procedures.
• Maintain invasive catheter tube sterility.
• Change invasive catheters; culture blood, line tips, or fl uids according 

to facility protocol.

Morton_Chap25.indd   374Morton_Chap25.indd   374 2/4/2012   3:27:00 PM2/4/2012   3:27:00 PM



Common Gastrointestinal Disorders C H A P T E R  2 5 375

B O X  2 5 - 1 2 C O L L A B O R A T I V E  C A R E  G U I D E  ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Skin Integrity
The patient is without evidence of skin 

breakdown.
• Assess skin q8h and each time the patient is repositioned.
• Turn q2h. Assist or teach the patient to shift weight or reposition.
• Consider pressure relief/reduction mattress.

 

Nutrition
Nutritional intake meets calculated 

metabolic need (eg, basal energy 
expenditure equation).

• Consult dietitian for metabolic needs assessment and 
recommendations.

• Provide nutrition by oral, enteral, or parenteral feeding.
• Sodium, protein, fat, or fl uid restriction may be necessary.
• Provide small, frequent feedings.

Evidence of metabolic dysfunction is 
minimal.

• Monitor albumin, prealbumin, transferrin, BUN, cholesterol, triglyc-
erides, bilirubin, AST, alanine aminotransferase (ALT).

• Administer cleansing enemas and cathartics if ordered.
 

Comfort/Pain Control
The patient is as comfortable as possible 

(as evidenced by stable vital signs 
or cooperation with treatments or 
procedures).

• Assess pain and discomfort from ascites, bleeding, pruritus.
• Document pain assessment, using numerical pain rating or similar 

scale when possible.

The patient has minimal pruritus. • Administer analgesics cautiously and monitor the patient response.
• Bathe with cool water, blot dry.
• Lubricate skin.
• Administer antipruritic medication; apply to skin PRN as ordered.

 

Psychosocial
The patient demonstrates decreased 

anxiety.
• Assess the patient’s response to illness. Provide time to listen.
• Assess effect of critical care environment on the patient.
• Minimize sensory overload.
• Provide adequate time for uninterrupted sleep.
• Encourage fl exible visiting hours for family.
• Plan for consistent caregiver.

 

Teaching/Discharge Planning
The patient and family understand 

procedures and tests needed for 
treatment of hepatic dysfunction.

• Prepare the patient and family for procedures such as paracentesis or 
laboratory studies.

• Teach the patient and family information regarding sodium, protein, 
and fl uid restrictions. Provide written materials.

The patient and family are prepared for 
home care.

• Teach signs and symptoms of progressing hepatic failure (eg, change 
in mentation, skin coloration, ascites).

• Teach signs and symptoms of occult bleeding and respiratory 
infection.

• Teach home medication regimen.
• Teach comfort measures.
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C A S E  S T U D Y

Mr. R., a 66-year-old retired welder, presents to 
the emergency room with severe midepigastric pain 
and protracted vomiting. He tells the nurse that the 
pain worsens when he lies down on his back, but 
pulling his knees into his chest lessens it somewhat. 
When asked about alcohol consumption, Mr. R. tells 
the nurse that he consumes about two six-packs of 
beer daily. On admission, his vital signs are as fol-
lows: BP, 94/60 mm Hg; HR, 124 beats/min; RR, 
32 breaths/min; temp, 101.5°F. The results of initial 
laboratory studies are Hgb, 14.2 g/dL; Hct, 45%; 
white blood cells (WBCs), 19,000 cells/mm3; glucose, 
325 mg/dL; lactate dehydrogenase (LDH), 560 IU/mL; 
and aspartate aminotransferase (AST), 330 IU/dL.

Mr. R. is admitted to the critical care unit with 
the diagnosis of pancreatitis. An IV line is placed 
and fl uid resuscitation is initiated. In addition, a 
nasogastric tube is inserted and Mr. R. is placed 
on NPO status. Within 24 hours, Mr. R.’s pulmonary 
status has deteriorated, necessitating intubation 
and mechanical ventilation. A chest x-ray shows 
“white out” with bilateral fl uffy white infi ltrates.

1. Evaluate the severity of Mr. R.’s condition using 
Ranson’s criteria.

2. What systemic complication did Mr. R. develop 
after admission? What is the mechanism that 
leads to systemic complications in severe acute 
pancreatitis?

3. What nursing interventions are employed to “rest” 
the pancreas?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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Morton_Chap25.indd   376Morton_Chap25.indd   376 2/4/2012   3:27:00 PM2/4/2012   3:27:00 PM

http://thepoint.lww.com/MortonEss1e


377

C H A P T E R

Endocrine System

Based on the content in this chapter, the reader should be able to:

1 Describe the assessment of hypothalamus and pituitary gland function in the 
critically ill patient.

2 Describe the assessment of thyroid gland function in the critically ill patient.
3 Describe the assessment of endocrine pancreas function in the critically ill 

patient.
4 Describe the assessment of adrenal gland function in the critically ill patient.

O B J E C T I V E S

Many patients admitted to the critical care unit 
will have a known endocrine disorder that is either 
a concomitant problem or the cause for admission. 
However, many patients have endocrine disorders 
that are not recognized before the onset of an acute 
illness. For this reason, endocrine function is con-
sidered in the assessment of all critically ill patients.

Endocrine disorders can affect all body systems 
and are usually caused by the overproduction or 
underproduction of hormones. Because the endo-
crine system is complex and its effects on the body 
are widespread, assessment entails a systematic 
review of many physiological functions. General 
manifestations of endocrine disorders include 
changes in vital signs, energy level, fl uid and elec-
trolyte levels, and the ability to carry out activities of 

daily living (ADLs). Other parameters to be observed 
include heat or cold intolerance, changes in weight, 
fat redistribution, changes in sexual functioning, 
and altered sleep patterns. Elements of the endo-
crine history are summarized in Box 26-1. Common 
laboratory studies used to assess endocrine gland 
function are summarized in Table 26-1.

Hypothalamus and Pituitary Gland
The pituitary gland is often called the “master gland” 
of the endocrine system because, under the control 
of the hypothalamus, it secretes hormones that affect 
the functioning of other endocrine glands (eg, thyroid-
stimulating hormone [TSH] and adrenocorticotropic 

EIGHT

26
Patient Assessment: Endocrine System
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(DI) and syndrome of inappropriate antidiuretic hor-
mone (SIADH) (Table 26-2). In addition to urine spe-
cifi c gravity, serum osmolality, and urine osmolality 
(see Chapter 18), serum ADH radioimmunoassay may 
be ordered to measure ADH levels in the blood.

Diagnostic Studies
Imaging studies, such as computed tomography 
(CT) and magnetic resonance imaging (MRI), 
may be ordered to detect lesions in the pituitary– 
hypothalamic area (eg, brain tumors, aneurysms, 
edema resulting from surgical exploration or trau-
matic injuries, necrotic lesions).

Thyroid Gland
The thyroid hormones triiodothyronine (T3) and thy-
roxine (T4) are regulated by the hypothalamus and 
the pituitary gland in a negative feedback  system 
(Fig. 26-1).

hormone [ACTH]). In addition, the pituitary gland 
secretes antidiuretic hormone (ADH, vasopressin), 
which controls water excretion by the kidney.

History and Physical Examination
Disorders of the hypothalamus or pituitary gland that 
alter the production or release of ADH result in fl uid 
and electrolyte imbalances; therefore, physical exam-
ination of the patient involves the careful assessment 
of skin turgor, buccal membrane moisture, vital 
signs, and weight. The nurse strictly monitors intake 
and output in patients experiencing fl uid balance 
alterations. The color, concentration, and volume of 
the urine are noted with each measurement.

Laboratory Studies
Laboratory studies are used to diagnose and determine 
the degree of fl uid imbalance caused by alterations in 
ADH secretion, and to distinguish between two com-
mon disorders of ADH secretion, diabetes insipidus 

B O X  2 6 - 1 Endocrine Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format; see Chapter 12, Box 12-2):

• Excessive urination
• Excessive thirst
• Dehydration
• Edema
• Constipation
• Diarrhea
• Cold or heat intolerance
• Fatigue or lethargy
• Cognitive changes
• Depression
• Menstrual cycle irregularities
• Weight gain or loss
• Changes in appetite

Past Health History

Relevant childhood illnesses and immunizations: 
mental retardation, iodine defi ciency

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: diabetic 
emergencies, hypertension, hypercholesterolemia, 
tachydysrhythmias, heart failure, myocardial infarc-
tion, Graves’ disease, Hashimoto’s thyroiditis, head 
injury, cerebral vascular accident, pancreatitis, unex-
plained infections, adenoid or neck/chest radiation

• Risk factors: age, heredity, gender, race, tobacco use, 
alcohol use, elevated cholesterol, obesity, sedentary 
lifestyle, growth spurt cycles, pregnancy, gestational 
diabetes, delivery of an infant weighing more than 
9 lb, anemia

• Past surgeries: neurosurgical procedures, thyroidec-
tomy, parathyroidectomy, adrenalectomy

• Medications, including prescription drugs, over-
the-counter drugs, vitamins, herbs and supple-
ments: amiodarone, phenytoin, carbamazepine, 
chlorpropamide, corticosteroids, opioids, lithium, 
aspirin, iodides, heparin, levothyroxine (Synthroid), 
neoplastic drugs, estrogen, methadone, androgens, 
β-adrenergic blockers, nonsteroidal anti-infl ammatory 
drugs (NSAIDs), potassium, diuretics

• Allergies and reactions to medication, foods, 
 contrast, latex, or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and 
siblings: thyroid disease, diabetes, lipid disorders, 
cerebral aneurysm, cancer, autoimmune disorders

Personal and Social History

• Tobacco, alcohol, and substance use
• Diet
• Sleep patterns: insomnia
• Exercise

Review of Other Systems

• HEENT: headaches, dizziness, weakness, visual changes
• Cardiovascular: tachycardia, atrial fi brillation, 

bradycardia
• Genitourinary: sexual dysfunction, infertility, abnor-

mal vaginal bleeding, chronic vaginitis, excessive or 
inadequate urine output

• Neurological: tremulousness, cognitive changes, 
neuropathy

• Immune: recurrent or chronic infections
• Integument: poor wound healing, bruising, striae, 

petechiae, hirsutism
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TA B L E  2 6 - 1 Laboratory Studies Used to Assess Endocrine Disorders

Test Normal Adult Values Abnormal Values

Serum antidiuretic 
hormone (ADH)

1–13.3 pg/mL High in syndrome of inappropriate antidiuretic 
hormone (SIADH)

Low in diabetes insipidus (DI)
Urine specifi c gravity 1.010–1.025 with normal hydration 

and volume
Low in DI
High in SIADH
High in diabetes mellitus with dehydration

Total T4 4–12 μg/dL High in hyperthyroidism
Low in hypothyroidism

Free T4 0.8–2.7 ng/mL High in hyperthyroidism
Low in hypothyroidism

Free T4 index 4.6–12 ng/mL High in hyperthyroidism
Low in hypothyroidism

Free T3 260–480 pg/dL Low in hypothyroidism
Thyroid-stimulating 

hormone (TSH)
260–480 pg/dL High in primary hypothyroidism

Low in anterior pituitary hypofunction (secondary 
hypothyroidism) and in hyperthyroidism

Urine ketones Negative Positive in diabetic ketoacidosis (DKA)
Serum ketones 2–4 mg/dL High in DKA
Glucagon Normal fasting values: 50–200 pg/mL High in diabetes mellitus, DKA, HHS
Fasting blood glucose 65–110 mg/dL High in diabetes mellitus
Insulin level 6–24 fU/mL High in insulinoma

Low in diabetes mellitus
C-peptide level 0.5–2.0 ng/mL Low in diabetes mellitus
Cortisol 8 a.m. 5–23 μg/dL

4 p.m. 3–16 μg/dL
High in hypersecretion (eg, Cushing’s disease)
High in stress, trauma, and surgery
Low in hyposecretion of ACTH by pituitary and in 

adrenal insuffi ciency
Cortisol stimulation Should increase to 18 μg/dL Low or absent in adrenal insuffi ciency and 

hypopituitarism

HHS, hyperosmolar hyperglycemic syndrome; T3, triiodothyronine; T4, thyroxine.

TA B L E  2 6 - 2 Comparison of Laboratory Values in 
Diabetes Insipidus (DI) and Syndrome 
of Inappropriate Antidiuretic Hormone 
(SIADH)

Laboratory Test DI SIADH

Antidiuretic 
hormone (ADH)

Decreased Increased

Serum osmolality Increased Decreased
Serum sodium Increased Decreased
Urinary output Increased Decreased
Urine specifi c 

gravity
Decreased Increased

Urine osmolality Decreased Increased

History and Physical Examination
Manifestations of thyroid hormone disorders are 
widespread because thyroid hormones affect nearly 
every cell and tissue in the body. Signs and symp-
toms associated with over- or undersecretion of thy-
roid hormone are illustrated in Figure 26-2.

Physical examination begins with inspection of 
the neck area for enlargement and symmetry of the 
gland. The patient is then asked to swallow while 
the nurse observes the thyroid rising. Next, the thy-
roid gland is palpated for size, shape, symmetry, 

Hypothalamus

Pituitary
TRH

Neurotransmitters

TSH

T4T3   

Liver

TARGET ORGANS

Thyroid

F I G U R E  2 6 - 1  Regulation of thyroid hormone. Thyroid-stimulating 
hormone (TSH), which stimulates the production and release of 
the thyroid hormones triiodothyronine (T3) and thyroxine (T4), is 
released by the anterior pituitary gland in response to thyrotropin-
releasing hormone (TRH), secreted by the hypothalamus. Low 
circulating levels of T3 and T4 stimulate the secretion of TRH (solid 
lines), and high circulating levels of T3 and T4 inhibit the secretion of 
TRH (dashed lines). (From Smeltzer SC, Bare BG, Hinkle JL, et al.: 
Brunner & Suddarth’s Textbook of Medical–Surgical Nursing, 12th 
ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2010, p 1254)
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Laboratory Studies
The following laboratory studies may be ordered to 
evaluate thyroid gland function:

• Thyroid-stimulating hormone test (thyrotropin 
assay). This highly sensitive test measures circu-
lating TSH from the anterior pituitary. Measuring 
TSH helps determine whether hypothyroidism is 
primary (ie, caused by dysfunction of the thyroid 
gland) or secondary (ie, caused by hypofunction 
of the anterior pituitary gland). In patients with 
hyperthyroidism, the TSH level is extremely low 
because high circulating levels of thyroid hor-
mones inhibit the secretion of TSH by the anterior 
pituitary.

• Thyroid hormone levels. Less than 1% of the 
secreted T3 and T4 remains free and physiologi-
cally active in the plasma. The remainder is bound 
to plasma proteins manufactured by the liver. 
Total T4 measures both the free T4 and the por-
tion carried by thyroxine-binding globulin (TBG). 
Free T4 measures the circulating, unbound levels 
of T4. Because any factor that affects protein lev-
els or protein binding can affect the total T4 levels, 

and presence of tenderness. Thyromegaly (goiter) 
or thyroid nodules can be detected by palpation. 
Occasionally, a thyroid bruit (caused by excessive 
or turbulent blood fl ow associated with a hyper-
metabolic state) can be detected by listening over 
the gland with the bell of the stethoscope. Vital sign 
changes, skin changes (including edema), neurolog-
ical changes, and weight changes are also assessed 
as part of the physical examination.

The Older Patient. There is a higher prevalence 
of hypothyroidism in the elderly population. Often, 
older patients present with atypical initial symptoms, 
such as depression, apathy, and immobilization.1 
Hyperthyroidism in the elderly is much less common. 
When hyperthyroidism is present, it is likely to 
go undetected because common fi ndings (eg, 
weight loss, fatigue, palpitations and tachycardia, 
mental confusion, anxiety) are often erroneously 
attributed to “old age.” Due to delayed detection of 
the condition, an older adult with hyperthyroidism 
may present with new-onset atrial fi brillation (the 
consequence of worsening heart failure or unstable 
angina) or thyrotoxic crisis (a severe and life-
threatening form of hyperthyroidism).

Nervousness
Irritability
Difficulty sleeping

Bulging eyes (exophthalmos)
Unblinking stare
Lid lag

Palpitations,
tachycardia,
atrial fibrillation

Menstrual irregularities/
light period

Warm moist palms

Excessive vomiting
in pregnancy

Hoarseness/
deepening of voice

Persistent dry or
sore throat

Difficulty
swallowing

Fine tremor

Weight loss
despite increased

appetite

Heat intolerance
Increased sweating

First trimester
miscarriage

Osteoporosis

Tiredness

Forgetfulness/
slower thinking

Irritability

Depression

Inability to
concentrate

Thinning hair/
hair loss

Loss of body hair

Dry, patchy skin

Cold intolerance

Elevated cholesterol

Puffy eyes

Swelling (goiter)

Hoarseness/
deepening of voice

Persistent dry or
sore throat

Difficulty
swallowing

Slower heartbeat

Modest weight
gain with anorexia

Menstrual irregularities/
heavy period

Pretibial edema

Constipation

Muscle weakness/
cramps

A. Hyperthyroidism B. Hypothyroidism

Frequent bowel
movements

Swelling (goiter)

Infertility

F I G U R E  2 6 - 2  Clinical manifestations of hyperthyroidism (A) and hypothyroidism (B).

Morton_Chap26.indd   380Morton_Chap26.indd   380 2/4/2012   3:27:27 PM2/4/2012   3:27:27 PM



Patient Assessment: Endocrine System C H A P T E R  2 6 381

The physical examination includes blood pres-
sure, heart and respiratory rate, breathing pattern, 
heart sounds and rhythm, breath sounds, capillary 
refi ll, color and warmth of extremities, temperature, 
assessment of hydration status (eg, skin turgor), and 
assessment of level of consciousness.

Laboratory Studies 
Laboratory studies to evaluate glucose regulation 
include the following:

• Fasting blood glucose level. In critically ill 
patients, measuring glucose levels from blood sam-
ples drawn from venous lines, central lines, or arte-
rial lines is preferred over fi ngerstick glucose testing. 
Fingerstick testing requires adequate tissue perfu-
sion for accuracy and in many critically ill patients, 
tissue perfusion is impaired. Blood glucose levels 
are measured at least 8 hours after the last food 
intake to evaluate carbohydrate metabolism. Two-
hour postprandial glucose testing is helpful as well, 
especially in people with known diabetes mellitus.

• Glycosylated hemoglobin (HbA1c or A1C) testing 
offers information about the average amount of 
glucose present in the patient’s bloodstream for 
the past 3 to 4 months, by measuring the amount 
of glucose attached to hemoglobin in the erythro-
cytes. (The average lifespan of an erythrocyte is 
100 to 120 days.)

• Insulin level. This test measures the amount of 
circulating serum insulin in the fasting state.

• C-peptide level. C-peptide is a byproduct of insulin 
production. Low values (or no insulin C-peptide) 
indicate that the person’s pancreas is producing 
little or no insulin, as in type 1 diabetes.2

• Glucagon level. Glucagon, a hormone produced 
in the α-cells in the islets of Langerhans, controls 
the production, storage, and release of glucose. 
Normally, insulin opposes the action of glucagon. 
A defi ciency of glucagon occurs when pancre-
atic tissue is lost because of chronic pancreatitis 
or pancreatic tumors. Increased glucagon levels 
occur in diabetes, acute pancreatitis, chronic renal 
failure, cirrhosis, and in the presence of catechol-
amine secretion (as occurs with infection, high 
stress levels, or pheochromocytoma).

• Serum ketones. Elevated serum ketone levels sug-
gest that the body is metabolizing fat for energy in 
lieu of dietary carbohydrates, a condition seen in 
critically ill patients with type 1 diabetes.

• Urine ketones. Ketones are not normally found in 
the urine; when they are, they are associated with 
diabetes and other disorders of altered carbohy-
drate metabolism.

Adrenal Gland
The adrenal gland is anatomically and function-
ally divided into two distinct parts—the outer cor-
tex and the inner medulla (Fig. 26-3). Disorders of 

free T4 is often more accurate than total T4. The T4 
index is a mathematical calculation used to cor-
rect the total T4 for the amount of TBG that is pres-
ent, thereby increasing the accuracy of the total T4 
measurement. Free T3 levels may also be ordered.

RED FLAG! Many critically ill patients have 
alterations in protein levels owing to malnutrition, 
hepatic dysfunction, medications, or advanced age. 
These alterations affect TSH and total T4 levels, 
necessitating careful analysis of the results of these 
tests. 

Diagnostic Studies
The radioactive iodine uptake test measures the 
rate of iodine uptake by the thyroid gland following 
oral administration of a radioactive iodine tracer. A 
probe is placed over the thyroid gland to evaluate 
the uptake of the radioactive iodine. Normally, the 
radioactive iodine is evenly distributed in the thy-
roid gland, and the scan shows a normal size, posi-
tion, and shape.

A thyroid scan, which entails measuring uptake 
of the radioactive iodine tracer at specifi c times, 
may be performed in conjunction with the radioac-
tive iodine uptake test. The patient must be NPO for 
8 hours prior to the procedure and thyroid hormone 
replacement therapy is typically stopped 7 days 
prior to prevent interference with test results.

CT or MRI can identify enlargement of the thy-
roid gland but is unable to determine the function-
ing of the thyroid gland or identify small masses 
(eg, cysts). Ultrasonography can detect masses, 
cysts, and enlargement of the gland.

Endocrine Pancreas
Disorders of the endocrine pancreas (eg, diabetes 
mellitus) are characterized by chronic hyperglyce-
mia and result in major shifts of fl uids and electro-
lytes and blood glucose levels. Patients with diabetes 
mellitus are frequently admitted to the critical care 
unit for treatment of acute complications of diabetes, 
such as diabetic ketoacidosis (DKA), hyperosmolar 
hyperglycemic syndrome (HHS), and hypoglycemia.

History and Physical Examination
When an acute complication of diabetes is sus-
pected, an effort is made to establish the diagno-
sis quickly so that life-preserving therapy can be 
started. Initial data collection includes an abbrevi-
ated history (obtained from the family or friends 
when the patient is unconscious), a search for a 
diabetic identifi cation card, and rapid assessment 
for clinical clues of volume depletion. After asking 
about the diabetic regimen, medications, and recent 
changes in health, the nurse performs a review of 
systems. During the interview, the nurse observes 
the patient’s cognition and responsiveness.
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TA B L E  2 6 - 3 Manifestations of Adrenal Cortical Insuffi ciency and Excess

Parameter Adrenal Cortical Insuffi ciency Adrenal Cortical Excess

Electrolytes Hyponatremiaa

Hyperkalemiaa
Hypokalemia

Fluids Dehydrationa (eg, elevated BUN) Edema
Blood pressure Hypotension

Shocka

Orthostatic hypotension

Hypertension

Musculoskeletal Muscle weaknessa

Fatiguea
Muscle wasting
Fatigue

Hair and skin Skin pigmentation Easy bruisability
Hirsutism, acne, and striae (abdomen and 

thighs)
Infl ammatory response Low resistance to trauma, infection, and stress Decrease in eosinophils, lymphocytopenia
Gastrointestinal Nausea, vomitinga

Abdominal paina
Possible gastrointestinal bleeding

Glucose metabolism Hypoglycemiaa Impaired glucose tolerance
Glycosuria
Elevated blood sugar

Emotional Depression and irritability Emotional lability to psychosis
Other Menstrual irregularity

Decreased axillary and pubic hair in women
Oligomenorrhea
Impotence in the male
Centripetal obesity (moon face and buffalo 

hump)

aOccurs with acute adrenal insuffi ciency.

BUN, blood urea nitrogen.

From Porth CM: Pathophysiology: Concepts of Altered Health States, 5th ed. Philadelphia, PA: Lippincott 
Williams & Wilkins, 1998, p 80

the adrenal gland have widespread effects on the 
body because the adrenal hormones regulate major 
body system functions, including fl uid and electro-
lyte balance, sympathetic nervous system responses, 
infl ammation, and metabolism.

Cortisol is a steroid hormone that is released in 
response to stress. Cortisol secretion is regulated 
by a negative feedback system through the hypo-
thalamic–pituitary axis. The hypothalamus releases 
corticotropin-releasing hormone (CRH), which in 
turn stimulates the release of ACTH (adrenocorti-
cotropin) from the anterior pituitary. ACTH then 
stimulates the adrenal cortex to secrete cortisol. 
Critically ill patients often experience adrenal corti-
cal insuffi ciency or cortisol resistance.

The Older Patient. An expected result of aging is 
decreased secretion of cortisol and aldosterone, 
which can result in a diminished response to acute 
illness or trauma. The older patient may have a 
decreased ability to maintain appropriate fl uid and 
electrolyte balance and may mount diminished 
responses to stressors such as critical illness or 
trauma.

History and Physical Examination
A summary of the clinical manifestations of adre-
nal cortical insuffi ciency and excess is given in 
Table 26-3.

Laboratory Studies
Laboratory studies for evaluation of adrenal gland 
function include the following:

• Cortisol levels. Cortisol levels are elevated in peo-
ple with adrenal hyperfunction and decreased in 
those with adrenal hypofunction. Adrenal hyper-
function may be caused by excess secretion of 
ACTH by the pituitary gland; hypofunction may 
be the result of anterior pituitary hyposecretion, 
hepatitis, or cirrhosis. Cortisol secretion is diur-
nal; it is normally higher in the early morning 
and lower in the evening. This variation is lost in 

Cortex
• Mineralocorticoids
  (e.g., aldosterone)
• Glucocorticoids
  (e.g., cortisol)
• Androgens

Medulla
• Catecholamines
  (e.g., epinephrine,
  norepinephrine,
  dopamine)

F I G U R E  2 6 - 3  Hormones secreted by the adrenal gland.
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patients with adrenal hyperfunction and in people 
under stress.

• Cortisol stimulation. To perform this test, a base-
line cortisol blood level is drawn, and then blood 
samples are taken 30 and 60 minutes after cosyn-
tropin (a synthetic ACTH preparation) is admin-
istered. The adrenal glands normally respond to 
the cosyntropin by synthesizing and secreting cor-
tisol. The response to cosyntropin is decreased or 
absent in people with adrenal insuffi ciency. The 
cortisol stimulation test may be contraindicated in 
the presence of infections, infl ammatory diseases, 
and cardiac disease. Long-term steroid therapy 
affects results.

C A S E  S T U D Y

Mr. J., a 58-year-old black man, arrives in the 
emergency department after his wife discovers 
him unarousable at their home. She tells the nurse 
that he has been very fatigued and lethargic for 
the past several days, and she has noticed that he 
has been drinking a lot of juice lately. In addition, 
she reports that he has been getting up frequently 
at night to urinate and has complained of blurred 
vision. He takes medication for high blood pressure 
and high cholesterol, but his wife is not sure of the 
exact names. Mr. J. is a nonsmoker, and he drinks 
a glass of wine every other week at home. He is not 
allergic to any medications. Both of his parents had 
diabetes, and two of his brothers have diabetes as 
well. Currently, he works at a computer fi rm and is 
relatively sedentary.

The nurse notes that Mr. J. is a lethargic but 
oriented, overweight male with fl ushed, slightly 
diaphoretic skin. His skin turgor is poor, with a 
sluggish capillary refi ll time. His vital signs are as 
follows: BP, 95/50 mm Hg; HR, 118 beats/min; 
and RR, 24 breaths/min. He is afebrile. He has 
postural hypotension. Laboratory test results 
show a glucose level of 610 mg/dL, mildly positive 

serum ketones, and normal white blood cells. 
An ECG shows sinus tachycardia (rate, 115 to 
120 beats/min).

The staff starts an IV line for the administration 
of normal saline and an insulin infusion. Mr. J. is 
then transferred to the critical care unit, where he 
is placed on continuous ECG monitoring to assess 
for signs of hypokalemia. Frequent electrolyte 
profi les are sent and monitored for abnormalities. 
Hypokalemia is detected, necessitating potassium 
replacement therapy. Mr. J.’s serum glucose level is 
monitored closely and is lowered slowly (75 to 100 
mg/dL/h). After 6 hours of insulin administration, Mr. 
J.’s glucose level is decreased to 230 mg/dL. At this 
time, his IV fl uids are changed to D5½ NS. Over 
the next 3 hours, Mr. J.’s glucose level stabilizes 
between 130 and 150 mg/dL.

1. What is the constellation of symptoms that Mr. J. 
displayed at home that are associated with the 
insidious development of diabetes mellitus?

2. What specifi c risk factors for type 2 diabetes 
 mellitus does Mr. J. have?

3. Why was Mr. J. initially administered normal 
saline and then changed to D5½ NS?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R
Common Endocrine Disorders

27
O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the pathophysiology, assessment, and management of the two major 
disorders of antidiuretic hormone (ADH) secretion: syndrome of inappropriate 
antidiuretic hormone (SIADH) and diabetes insipidus (DI).

2 Describe the pathophysiology, assessment, and management of two major 
crises of thyroid function: thyrotoxic crisis and myxedema coma.

3 Describe the pathophysiology, assessment, and management of three diabetic 
emergencies: diabetic ketoacidosis (DKA), hyperosmolar hyperglycemic 
syndrome (HHS), and hypoglycemia.

4 Describe the pathophysiology, assessment, and management of adrenal crisis.

Disorders of Antidiuretic Hormone 
Secretion 
Antidiuretic hormone (ADH) is synthesized in the 
hypothalamus and stored in the posterior pitu-
itary. It is released in response to specifi c conditions 
(eg, hyperosmolar states) and results in the reabsorp-
tion of water in the renal tubules. There are two major 
disorders related to ADH secretion. Syndrome of inap-
propriate antidiuretic hormone secretion (SIADH) is 
characterized by excess levels of ADH. Diabetes insip-
idus (DI) involves a defi ciency of ADH. Both of these 
disorders can produce severe fl uid and electrolyte 
imbalances and adverse neurological changes.

Syndrome of Inappropriate Antidiuretic 
Hormone Secretion
In SIADH, secretion of ADH is increased, despite 
the fact that, initially, the osmolality level is normal. 

The increased ADH causes the kidneys to reabsorb 
more water, resulting in an increase in total-body 
water. As excess water is reabsorbed, the osmolality 
decreases, and the patient becomes hyponatremic. 
The normal feedback system regulating the release 
and inhibition of ADH fails, and ADH secretion 
continues despite the decreased osmolality of the 
plasma. Common causes of SIADH are summarized 
in Box 27-1.

Assessment
Water retention, dilutional hyponatremia, and, even-
tually, water intoxication secondary to sustained 
ADH effect characterize SIADH. Signs and symp-
toms are predominantly neurological and gastro-
intestinal (Box 27-2). When the serum sodium level 
decreases to less than 125 mEq/L, more pronounced 
manifestations of cerebral edema (eg, headache, 
nausea and vomiting, restlessness, muscular irrita-
bility, seizures) may be seen. Seizure precautions 
may be necessary.
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Fluid restriction is usually successful for correct-
ing hyponatremia when sodium levels are between 
125 and 135 mEq/L or the patient is asymptomatic. A 
diuretic may also be administered to remove excess 
volume. The nurse monitors intake and output 
hourly. As a general guideline, water intake should 
not exceed urinary output until the serum sodium 
concentration normalizes and symptoms abate.

In severely symptomatic patients with acute hypo-
natremia, administration of 3% hypertonic saline is 
used to correct hyponatremia. A slow infusion rate 
(0.1 mg/kg/min) prevents rapid volume overload, 
osmolality shifts, and the development of complica-
tions such as pulmonary edema and central pontine 
myelinolysis. Usually, 300 mL given IV over 4 to 6 
hours is appropriate, with frequent monitoring of 
sodium levels.

RED FLAG! Central pontine myelinolysis (CPM)
(characterized by brain dehydration, cerebral 
bleeding, and demyelination) can result when 
correction of hyponatremia by hypertonic saline 
infusion is too rapid. Central pontine myelinolysis 
can have long-term residual effects and may 
be fatal. Signs and symptoms include seizures, 
movement disorders, akinetic mutism, 
quadriparesis, and unresponsiveness. This 
complication can be avoided by ensuring that 
sodium levels do not increase at a rate of more than 
1 to 2 mEq/L/h. 

Medications that interfere with the ADH–renal 
tubule interaction may be administered. Conivaptan 
is an ADH inhibitor that blocks vasopressin recep-
tors in the renal collecting ducts to decrease water 
reabsorption. Other medications that block the 
effects of ADH at the tubules include demeclocy-
cline, phenytoin, lithium, and fl udrocortisone.

The Older Patient. Older patients are more 
susceptible to hyponatremia because of their lower 
body water content.

Laboratory studies used in the evaluation of 
SIADH include serum ADH, serum sodium, serum 
and urine osmolality, and urine specifi c gravity. 
Findings include elevated serum ADH, low serum 
sodium, low serum osmolality, elevated urine osmo-
lality, and elevated urine specifi c gravity.

Management
There are three goals in the management of SIADH: 
treat the underlying disease (when possible), alle-
viate excessive water retention, and manage the 
hyponatremia.

B O X  2 7 - 1   Common Causes of Syndrome of Inappropriate Antidiuretic Hormone (SIADH)

Malignancies
• Pulmonary carcinoma (oat cell carcinoma)
• Pancreatic adenocarcinoma
• Prostate or thymus cancer
• Leukemia

Central Nervous System (CNS) Causes
• Traumatic brain injury (TBI)
• Hemorrhage (subdural hematoma, subarachnoid 

hemorrhage)
• Brain abscess
• CNS infection
• Hydrocephalus
• Brain tumor

Pulmonary Causes
• Mechanical ventilation
• Chronic obstructive pulmonary disease (COPD)
• Respiratory failure
• Lung abscess, infection

Medications
• Nicotine
• Morphine
• Chlorpropamide, hypoglycemics, insulin
• Antineoplastic agents
• Tricyclic antidepressants
• Anesthetics
• Clofi brate
• Diuretics

Other Causes
• HIV/AIDS
• Senile atrophy
• Pain
• Fear
• Myocardial infarction
• Idiopathic causes

B O X  2 7 - 2   Signs and Symptoms of Syndrome 
of Inappropriate Antidiuretic 
Hormone Secretion (SIADH)

Neurological
• Personality changes
• Headache
• Decreased mentation
• Lethargy
• Decreased tendon refl exes
• Disorientation/confusion
• Seizures and coma

Gastrointestinal
• Abdominal cramps
• Nausea
• Vomiting
• Diarrhea
• Anorexia
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weakness, muscle pain, pallor, and possibly weight 
loss. Findings on evaluation of vital signs may include 
severe tachycardia, hypotension, low central venous 
pressure (CVP), and a possible rise in body tempera-
ture. Laboratory fi ndings include reduced levels of 
ADH, high serum osmolality, hypernatremia, and 
low urine osmolality and urine specifi c gravity.

Management
The objective of therapy is to prevent dehydration and 
electrolyte imbalance, while treating the underlying 
cause and preventing complications. Central diabe-
tes insipidus responds well to exogenous vasopressin 
administration (Table 27-1). Nursing management 
focuses on monitoring fl uid and electrolyte balance. 
The nurse monitors hourly intake and output and 
laboratory test results (serum and urine electrolytes 
and osmolality, urine specifi c gravity). Fluid replace-
ment, often with a hypotonic solution to replace the 
free water, is determined by the free water defi cit:

Free water defi cit = 0.6 × ([serum Na/140] − 1)

Measurement of serum electrolytes every 6 to 
8 hours is recommended to ensure adequate fl uid 
replacement.

Thyroid Gland Dysfunction
Patients with extreme forms of hyperthyroidism 
(thyrotoxic crisis) or hypothyroidism (myxedema 
coma) require admission to the critical care unit.

Thyrotoxic Crisis
Thyrotoxic crisis (thyroid storm) is a critically 
severe form of hyperthyroidism. The condition 
may develop spontaneously, but it occurs most 

Diabetes Insipidus
Diabetes insipidus (DI) is caused by insuffi cient 
secretion of ADH. In the absence or reduction of 
ADH, the kidneys lose the ability to reabsorb water, 
leading to signifi cant diuresis (up to 20 L of urine per 
day) and hypovolemia. Serum osmolality becomes 
concentrated, serum sodium levels increase, and 
urine output continues to be high regardless of the 
amount of fl uid intake. Patients who are not alert and 
cannot detect thirst can quickly become dehydrated.

DI may be nephrogenic or central. Nephrogenic 
DI (characterized by failure of the kidney to 
respond to ADH) is a very rare genetic disorder. 
Central DI, which can develop after any event that 
causes edema or direct damage to the pituitary– 
hypothalamic area (eg, traumatic brain injury, 
brain surgery, brain tumor, stroke), is more com-
mon. It may be transient, temporary, partial, or 
permanent, depending on the underlying cause. 
For example, after trauma or surgery, edema in the 
pituitary–hypothalamic area may induce tempo-
rary DI that resolves as the edema abates. In cases 
of severe trauma or hemorrhage, the structures 
may be completely damaged and the patient may 
develop permanent DI.

Major complications of DI include hypovolemic 
shock, cardiovascular collapse, hypernatremia, 
and tissue hypoxia. Seizures and encephalopathy 
can result from fl uid and electrolyte imbalance. 
Prognosis is excellent as long as the patient receives 
prompt and aggressive treatment.

Assessment
Polyuria, polydipsia, and dehydration are the hall-
marks of DI. Signs of dehydration include dry skin, 
dry mucous membranes, confusion, sunken eyes, 
constipation, poor skin turgor, lethargy, muscle 

TA B L E  2 7 - 1 Medications Commonly Administered for Diabetes Insipidus

Drug Dosage Route of Administration
Duration 
of Drug Adverse Effects

Desmopressin 
(DDAVP)

5–20 μg each day Nasal spray (cannot be 
given if nasal passage is 
blocked)

8–24 h Headache, chest pain, nausea, 
diarrhea, edema

Aqueous pitressin 2–4 U every 4–6 h Intramuscularly, 
subcutaneously, 
intranasally, 
intravenously

1–8 h Headache, chest pain, nausea, 
diarrhea, edema

Pitressin tannate 
in oil

2.5–5 U Intramuscularly 36–48 h Headache, chest pain, nausea, 
diarrhea, edema

Lysine vasopressin 
nasal spray

5–20 U three to 
seven times daily; 
titrate to output

Intranasally 2–6 h —

Chlorpropamide 100–250 mg/d By mouth 60–72 h Hypoglycemia, headache, 
tinnitus, alcohol intolerance, 
gastrointestinal disturbances, 
diarrhea

Clofi brate 250–500 mg By mouth 6–8 h Gastrointestinal disturbances
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temperature greater than 104°F (40°C) in the absence 
of an infection, may be present in thyrotoxic crisis. 
Central nervous system (CNS) abnormalities include 
agitation, restlessness, delirium, seizures, and coma. 
Cardiovascular and pulmonary complications can 
develop rapidly and lead to death.

Laboratory studies may show elevated total T4, 
free T3, and free T4 levels. The thyroid-stimulating 
hormone (TSH) level is extremely low because the 
levels of circulating hormones T3 and T4 are so ele-
vated. Serum electrolytes, liver function tests, and 
complete blood counts may help identify the pre-
cipitating cause.

A radioactive iodine uptake test typically 
shows increased uptake in the thyroid gland. 
Electrocardiography and cardiac monitoring may 
show atrial fi brillation, supraventricular tachycar-
dia, sinus bradycardia, heart block, conduction dis-
turbances, and ventricular dysrhythmias.

Management
Management goals for thyrotoxic crisis are four-
fold: (1) treating the precipitating factor or factors, 
(2) controlling excessive thyroid hormone release, 
(3) inhibiting thyroid hormone biosynthesis, 
and (4) treating the peripheral effects of thyroid 
hormone.1

Antithyroid drugs (Table 27-2) are used to con-
trol the synthesis and release of thyroid hormone. 
If the thyrotoxic crisis was precipitated by the 
excessive ingestion of thyroid replacement hor-
mones, removal of the excess hormone can be 
accomplished by plasmapheresis, dialysis, hemo-
perfusion adsorption, or the administration of 
cholestyramine.

commonly in people who have undiagnosed or par-
tially treated severe hyperthyroidism. Many patients 
who experience thyrotoxic crisis have Graves’ dis-
ease (the most common type of hyperthyroidism) or 
toxic multinodular adenoma. Untreated thyrotoxic 
crisis can cause myocardial infarction, heart failure, 
cardiovascular collapse, coma, and death.

The Older Patient. Delayed diagnosis of 
hyperthyroidism in elderly patients can occur, 
because hyperthyroidism in this population often 
presents with atypical or masked symptoms. 
Undiagnosed hyperthyroidism puts the older adult at 
risk for developing thyrotoxic crisis. 

The cause of thyrotoxic crisis is poorly under-
stood. Precipitating factors are varied, and can be 
categorized according to whether the patient has 
a known preexisting condition (eg, hyperthyroid-
ism) or not (Box 27-3). Physiological mechanisms 
thought to induce thyrotoxic crises include the sud-
den release of large quantities of thyroid hormone 
and low tissue tolerance to triiodothyronine (T3) 
and thyroxine (T4). Stimulation of the sympathetic 
nervous system brought on by the abrupt release 
of large quantities of thyroid hormone is thought 
to produce the hypermetabolic manifestations seen 
during thyrotoxic crisis.

Assessment
Signs and symptoms of hyperthyroidism affect 
all body systems (see Chapter 26, Fig. 26-2) and 
include sweating, heat intolerance, hyperactivity, 
nervousness, tremors, palpitations, and tachycar-
dia. Extremes of these manifestations, specifi cally a 

B O X  2 7 - 3   Precipitating Factors Associated With Thyroid Crisis

In the Presence of a Known Preexisting 
Condition
• Trauma
• Infection
• Stress
• Coexistent medical illness (eg, myocardial infarction, 

pulmonary disease)
• Pregnancy
• Exposure to cold
• Alcohol
• Medications

 ° Nonsteroidal anti-infl ammatory drugs (NSAIDs)

 ° Chronic steroid therapy

 ° β-Adrenergic blockers

 ° Narcotics

 ° Anesthetics

 ° Tricyclic antidepressants

 ° Glucocorticoid therapy

 ° Insulin therapy

 ° Thiazide diuretics

 ° Phenytoin

 ° Chemotherapy agents

 ° Contrast media dye

 ° Thyroid medication

 ° Amiodarone

In the Presence of an Unknown Preexisting 
Condition
• Pituitary tumors
• Thyroid tumors
• Radiation therapy of the head and neck
• Autoimmune disease
• Neurosurgical procedures
• Metastatic malignancies (eg, lung, breast)
• Surgery
• Long-term illness
• Shock
• Postpartum stress
• Trauma
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of the sensorium. It is usually seen in older patients 
during the winter months. The most common 
 precipitating factor is pulmonary infection; other 
factors include trauma, stress, medications (eg, nar-
cotics or barbiturates), surgery, and metabolic dis-
turbances. In addition to coma, complications of 
myxedema coma include pericardial and pleural effu-
sions, megacolon with paralytic ileus, and seizures. 
Death can result if severe hypoxia and hypercapnia 
are not reversed.

Assessment
In myxedema coma, the depressed level of conscious-
ness is one of coma or near coma. Other  clinical 
manifestations include swelling (particularly of the 
hands, feet, periorbital region, and larynx), hypo-
thermia, hypoventilation, hypoxemia, and brady-
cardia. Patients with myxedema coma do not shiver, 
although some may have body temperatures below 
80°F (26.6°C).

Laboratory studies commonly reveal a decrease in 
levels of T4 and free T4, and markedly elevated TSH 
levels. Arterial blood gases (ABGs) usually show a 
decreased arterial oxygen tension (PaO2) and increased 
arterial carbon dioxide tension (PaCO2). A chest radio-
graph detects pleural effusion. Electrocardiographic 
changes include bradycardia, a prolonged PR inter-
val, decreased amplitude of the P wave and QRS com-
plex, and development of heart blocks.

Management
Mechanical ventilation is used to control hypoventi-
lation, hypercapnia, and respiratory arrest. Normal 

Management also focuses on monitoring and 
treating the multisystemic effects of the hypermeta-
bolic state. Cardiovascular function, fl uid and elec-
trolyte balance, neurological status, and vital signs 
require close attention.

• For patients with cardiovascular complications, 
measures are taken to decrease myocardial oxy-
gen consumption, decrease the heart rate (ideally 
to below 100 beats/min), manage dysrhythmias, 
and increase cardiac output. Digoxin, diltiazem, 
diuretics, or a combination of these agents may be 
administered, along with oxygen therapy.

• Acetaminophen is recommended for fever control; 
aspirin is not appropriate because it increases free 
T3 and T4 levels. Tepid baths or a cooling blanket 
may be necessary. It is important to avoid cool-
ing to the point of shivering, as this may have a 
rebound effect of raising body temperature.

• IV fl uids are necessary to replace the fl uids lost 
due to the excessive hyperthermia, tachypnea, dia-
phoresis, and diarrhea that often accompany thy-
rotoxic crisis.

• If the patient’s level of consciousness decreases, 
the patient’s ability to maintain the airway must 
be assessed.

• Maintaining a calm environment helps to manage 
the extreme agitation and restlessness experienced 
by the patient with thyrotoxic crisis.

Myxedema Coma
Myxedema coma is a rare but life-threatening hypo-
metabolic state characterized by severe depression 

TA B L E  2 7 - 2 Medications Used to Treat Hyperthyroidism

Medication Mechanism of Action Nursing Considerations

Thioamides Blocks synthesis of hormones 
(conversion of T4 to T3)

Propylthiouracil (PTU) Monitor cardiac parameters.
Methimazole Observe for conversion to hypothyroidism.

Watch for rash, nausea, vomiting, agranulocytosis, lupus 
syndrome.

Iodides Suppresses release of thyroid 
hormone

Sodium iodide Given 1 h after PTU or methimazole.
Watch for edema, hemorrhage, gastrointestinal upset.

Potassium iodide Discontinue for rash.
Watch for signs of toxic iodinism.

Saturated solution of 
potassium iodide (SSKI)

Mix with juice or milk.
Give by straw to prevent staining of teeth.

Glucocorticoids Suppresses thyroid hormone 
release

Dexamethasone Monitor intake and output.
Monitor glucose.
May cause hypertension, nausea, vomiting, anorexia, 

infection
b-Adrenergic blockers Blocks catecholamines

Treats symptoms
Monitor cardiac status.
Hold for bradycardia or decreased cardiac output.
Use with caution in patients with heart failure.
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ketoacids, and (3) volume depletion due to osmotic 
diuresis (Fig. 27-1).

Hyperglycemia and Hyperosmolality
The fi rst major consequence of DKA is hyperosmo-
lality due to hyperglycemia. As the serum glucose 
increases, the serum osmolality increases incre-
mentally. The hyperglycemia seen in DKA is the 
result of insulin defi ciency and excessive hepatic 
( gluconeogenesis) and renal (glycogenolysis) glu-
cose production, as well as reduced glucose uti-
lization in peripheral tissues. When the blood 
glucose level exceeds the normal threshold of about 
180 mg/dL, glucose begins to escape into the urine 
(glycosuria) because the reabsorption capacity of 
the tubules is exceeded. Glycosuria promotes an 
osmotic diuresis that leads to hypovolemia and a 
decreased glomerular fi ltration rate (GFR), which in 
turn reduces glucose losses and permits the blood 
glucose level to rise even higher. This serum hyper-
osmolality and dehydration accounts for the leth-
argy, stupor, and ultimately, coma that occurs as 
DKA worsens.

Ketoacidosis
The second major consequence of severe insu-
lin defi ciency is uncontrolled ketogenesis. Lipase 
causes the breakdown of triglycerides into glycerol 
and free fatty acids; free fatty acids are released as 
precursors of ketoacids. In the liver, they are oxi-
dized to form ketones. Insulin normally controls the 
ketones, but in cases of insulin defi ciency, ketones 
accumulate, causing ketoacidosis.

The anion gap is frequently measured to deter-
mine the presence of ketones, which are unmea-
sured anions. The anion gap is determined by 
subtracting the total measured anions (chloride 
plus  bicarbonate) from the total measured cations 
(sodium plus potassium). The normal value is 12 to 
15 mEq/L. A high anion gap indicates metabolic 
acidosis and is used as an indirect measure of the 
ketoacids present. As the ketoacids continue to 
accumulate, the anion gap increases. As the ketoac-
idosis is corrected with insulin administration, the 
anion gap will decrease until it reaches a normal 
level.

Lactic acidosis, resulting from poor tissue per-
fusion and hypovolemia, also contributes to the 
metabolic acidosis seen in DKA. The excess carbon 
dioxide and ketones are removed by hyperventila-
tion. Kussmaul’s respirations (deep, rapid breathing) 
associated with “fruity”-smelling breath are charac-
teristic physical fi ndings in DKA that are the result 
of the body’s attempt to eliminate ketones and cor-
rect the metabolic acidosis.3

Volume Depletion
As described earlier, glycosuria promotes an osmotic 
diuresis. Additionally, high ketone levels cause 
osmotic diuresis because ketoacids are excreted in 
the urine largely as sodium, potassium, and ammo-
nium salts. This osmotic diuresis can result in the 
loss of 5 to 8 L of fl uid (15% of total body water in 

or hypertonic saline and glucose are administered 
IV to correct dilutional hyponatremia and hypogly-
cemia. Vasopressor therapy may be needed in addi-
tion to fl uid replacement to correct hypotension.

Pharmacological therapy includes the admin-
istration of thyroid hormone and corticosteroids. 
Initial drug therapy is 300 to 500 μg T4 IV to saturate 
all protein-binding sites and establish a relatively 
normal T4 level. Subsequent doses may range from 
75 to 100 μg daily. Alternatively, T3 can be adminis-
tered. Guidelines for T3 replacement are 25 μg IV 
every 8 hours for the fi rst 24 to 48 hours. Hormone 
replacement should occur slowly, with continuous 
monitoring of the patient during treatment to avoid 
sudden increased metabolic demand and resultant 
myocardial infarction.

Additional interventions include rewarming of 
the patient, treating abdominal distention and fecal 
impaction, and preventing complications related to 
aspiration, immobility, skin breakdown, and infec-
tion in the comatose patient.

Diabetic Emergencies
Acute, life-threatening complications that can occur 
in patients with diabetes mellitus include diabetic 
ketoacidosis (DKA), hyperosmolar hyperglycemic 
syndrome (HHS), and hypoglycemia. Patients with 
type 1 diabetes are most likely to experience DKA 
and patients with type 2 diabetes HHS.

Diabetic Ketoacidosis
DKA is a critical illness resulting from severe insulin 
defi ciency that leads to the disordered metabolism of 
proteins, carbohydrates, and fats. Clinical manifesta-
tions include severe hyperglycemia and hyperosmo-
lality, metabolic acidosis, and fl uid and electrolyte 
imbalances. DKA seldom occurs in patients with 
type 2 diabetes because these patients still secrete 
just enough insulin to avoid ketoacidosis; however, 
it is possible for patients with type 2 diabetes to 
manifest DKA as a result of catabolic stress associ-
ated with severe critical illness. The most common 
precipitating cause of DKA is infection (especially 
urinary tract infection and pneumonia).2 Other pre-
cipitating factors include severe illness (eg, stroke, 
myocardial infarction, pancreatitis); alcohol or drug 
abuse; trauma; or discontinuation of insulin therapy 
(eg, due to lack of knowledge or lack of fi nancial 
resources).

DKA is associated with a 2% to 5% mortality rate.3 
The cause of death is rarely a direct result of the 
metabolic acidosis or the hyperglycemia; instead, 
death is more often related to the underlying illness 
that precipitated the metabolic decompensation.

Pathophysiology
Three major physiological disturbances exist in 
DKA: (1) hyperosmolality due to hyperglycemia, 
(2) metabolic acidosis due to accumulation of 
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begins with fl uid and insulin, the potassium levels 
decrease quickly and will need to be replaced. 
Other consequences of diminished vascular volume 
include decreased tissue perfusion, hypotension, and 
the development of shock and acute renal failure.

Assessment
Initial assessment includes an immediate bedside 
determination of glucose level, followed by labora-
tory analysis of a blood sample to confi rm the diag-
nosis. A more complete assessment follows, which 
includes a detailed history and physical examination, 
a search for precipitating causes, and more complete 
laboratory tests (eg, blood glucose, blood chemis-
tries, osmolality, anion gap, pH, ABGs, urine acetone, 
urine glucose). Physical examination and laboratory 
fi ndings in DKA are summarized in Box 27-4.

Management
Treatment goals include the following:

• Improve circulatory volume and tissue perfusion
• Correct electrolyte imbalances

a 70-kg adult). The body perceives the urinary loss 
of large quantities of sodium and water as a seri-
ous threat to the maintenance of circulation, and a 
variety of compensatory mechanisms are called into 
play to prevent vascular collapse and shock. One 
such compensatory mechanism is a shift of body 
fl uids into the vascular space from the extravascular 
compartments. The higher the blood glucose level, 
the more water is drawn out of the cells and into 
the vascular space. Hyperosmolality provides a tem-
porary mechanism for preventing vascular collapse; 
however, vascular volume continues to decrease as  
DKA progresses.

As vascular volume decreases, glomerular fi ltra-
tion also decreases. The excretion of potassium by 
the kidney occurs through the exchange of potas-
sium for sodium. Adequate sodium must be pres-
ent at the exchange site in the kidney for the rate of 
potassium excretion to keep pace with the need for 
excretion. When renal perfusion decreases, sodium 
levels may not be adequate for this exchange. As a 
result, despite a total-body depletion of potassium, 
the serum potassium level may initially be above nor-
mal, even to dangerously high levels. Once treatment 

Severe
Insulin Deficiency

(Absolute or relative)

Amino
acids

Nitrogen
loss

Lipolysis

Glycerol Free
fatty acids

Ketoacidosis

Metabolic acidosis

Glucose uptake

Urinary electrolyte
loss

Osmotic diuresis

Hypotonic losses

Hyperosmolality

Coma

Volume depletion

Shock

Protein catabolism

Ketogenesis

Ketonemia

Ketonuria

GluconeogenesisHyperglycemia

F I G U R E  2 7 - 1  Diabetic ketoacidosis (DKA) is characterized by three major pathophysiological disruptions: 
coma, shock, and metabolic acidosis.
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protein synthesis, and increases peripheral glucose 
utilization. Guidelines for insulin administration 
are given in Box 27-6 on page 394.

Initially, insulin administration involves giving 
an IV bolus of regular insulin at 0.15 U/kg body 
weight. This is followed by a continuous infu-
sion of regular insulin at a dose of 0.1 U/kg/h (5 to 
10 U/h) to produce a steady decline in glucose con-
centrations at a rate of 65 to 125 mg/h. When the 
plasma glucose level reaches 250 mg/dL, the insulin 
infusion is decreased to half the current dose and 
dextrose (5% or 10%) is added to the IV fl uids. As 
the insulin infusion is stopped, sliding scale insu-
lin therapy is initiated to maintain normal glycemic 
control.

RED FLAG! Blood sugar should not fall too fast 
or too far. Sudden and rapid lowering of the blood 
sugar level with insulin allows water to shift very 
rapidly into the cells, causing cerebral edema and 
vascular collapse. To prevent these complications, 
insulin doses are administered at a rate that will 
promote a slow, steady decline, and early volume 
replacement includes sodium, water, and glucose 
along with insulin therapy.

Potassium and Phosphate Replacement
Potassium is not given until the laboratory report 
is available because the initial plasma potas-
sium level in patients with DKA can range from 
very low to very high. If the initial serum potas-
sium level is low, IV potassium is usually started 
right away. This is particularly important because 
insulin drives potassium into cells (lowering the 
serum potassium level) and fl uid administration 
dilutes the serum potassium concentrations even 
further. If the initial potassium level is normal or 
high, IV potassium is usually withheld until the 
level begins to drop and urine fl ow is established. 
Potassium is usually replaced at concentrations of 
20 to 40 mEq/L, depending on the serum potas-
sium level. Frequent potassium levels are obtained 
and patient is monitored for the development of 
dysrhythmias.

Phosphate levels usually also drop during therapy, 
potentially worsening tissue hypoxia by increasing 
red blood cell affi nity for oxygen. Thus, less oxygen 
is released at the tissue level. Phosphate replacement 
is usually combined with potassium replacement in 
the form of potassium phosphate salts.

Bicarbonate Replacement
Bicarbonate replacement in patients with DKA 
is controversial because evidence-based research 
has failed to demonstrate its benefi t in patients 
with an arterial pH between 6.9 and 7.1. Patients 
with mild or moderate metabolic acidosis due to 
ketones who are treated with 0.9% sodium, water, 
and insulin eventually excrete and metabolize 
the ketones, thus increasing pH. However, some 
experts recommend bicarbonate replacement with 
severe acidosis as indicated by an arterial pH of 
7.0 or less. It is also necessary to give bicarbonate 

• Decrease serum glucose and serum osmolality 
levels

• Correct ketoacidosis
• Determine precipitating events

A collaborative care guide for the patient with DKA 
is given in Box 27-5.

Fluid Replacement
The immediate threat to life in a critically ill keto-
acidotic patient is volume depletion. The goal is 
to reverse the severity of the extracellular volume 
depletion and restore renal perfusion as soon as pos-
sible. The fi rst liter of 0.9% (normal) saline may be 
infused in 1 hour in patients with normal cardiac 
function. This replaces only a fraction of the extra-
cellular loss in the average patient, which can range 
from 6 to 8 L.

Volume losses continue throughout the fi rst 
hours of treatment until the glycosuria and osmotic 
diuresis are controlled. Fluid replacement contin-
ues at roughly 1 L/h until hemodynamic stability 
is attained. Hypotonic solutions (eg, 0.45%  normal 
saline) can be administered at a rate of 150 to 
250 mL/h after the intravascular volume has been 
restored, or if the serum sodium level is greater than 
155 mg/dL. Other plasma expanders, such as albu-
min and plasma concentrates, may be necessary if 
low blood pressure and other clinical signs of vascu-
lar collapse do not respond to saline alone.

RED FLAG! Rapid infusion of saline in a patient 
with DKA can lower serum osmolality, which lowers 
the osmotic pressure of the plasma. This allows 
fl uid to leak out of the vascular space, contributing 
to the development of pulmonary or cerebral 
edema, particularly in older adults. Patients must be 
observed carefully during the fi rst 24 to 36 hours for 
signs of pulmonary or cerebral edema. 

Insulin Therapy
Insulin is the cornerstone of management of DKA. 
It decreases the ketones and manages ketoacidosis, 
inhibits hepatic gluconeogenesis, restores cellular 

B O X  2 7 - 4   Clinical Manifestations of Diabetic 
Ketoacidosis (DKA)

• Polyuria and polydipsia
• Hyperventilation (Kussmaul’s respirations) and 

“fruity” breath
• Lethargy, stupor, coma
• Abdominal cramping, anorexia, nausea and vomiting
• Acute weight loss
• Hyperglycemia
• Glycosuria
• Volume depletion
• Hyperosmolality
• Increased anion gap (greater than 15 mEq/L)
• Decreased bicarbonate (less than 10 mEq/L)
• Decreased pH (less than 7.45)
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B O X  2 7 - 5 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With Diabetic Ketoacidosis (DKA)

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
ABGs are maintained within normal 

limits.
• Provide chest physiotherapy, turning and deep breathing, coughing, 

incentive spirometry q4h and PRN.

There is no evidence of acute respiratory 
failure.

• Continuously monitor patient’s respiratory rate, depth, and pattern. 
Observe for Kussmaul’s respirations, rapid and shallow breathing, and 
other signs of respiratory distress.

• Monitor ABGs, pulse oximetry and, if intubated, end tidal CO2.
• Provide supplemental oxygen.
• Prepare for intubation and mechanical ventilation.

The patient’s lungs are clear. • Auscultate breath sounds q2h and PRN.

There is no evidence of atelectasis or 
pneumonia.

• Take daily chest x-ray.
• Provide chest physiotherapy q4h.
• Mobilize out of bed as soon as patient is stabilized.

 

Circulation/Perfusion
Blood pressure and heart rate are within 

normal limits. If PA catheter is in 
place, hemodynamic parameters are 
within normal limits.

• Monitor vital signs q1h and PRN.
• Assess for dehydration/hypovolemia: tachycardia, decreased CVP and 

PAOP.
• Assess for hypervolemia: neck vein distention, pulmonary crackles 

and edema, increased CVP and PAOP.
• Administer vasopressor agents if hypotension is related to 

vasodilation.

Patient is free of dysrhythmias. • Monitor ECG continuously.
• Evaluate and treat the cause of dysrhythmias (eg, acidosis, hypoxia, 

hypokalemia/ hyperkalemia).
 

Fluids/Electrolytes
There is evidence of rehydration without 

complications:
• balanced intake and output
• normal skin turgor
• hemodynamic stability
• intact sensorium

• Infuse normal saline or lactated Ringer’s, then 0.45% normal saline.
• Monitor serum osmolality, urine output, neurological status, and vital 

signs closely during rehydration. Observe for complications of DKA 
(eg, shock, renal failure, decreased LOC, and seizures).

• Assess BUN, creatinine, urine for glucose and ketones.

Serum electrolyte levels and acid–base 
balance are normal.

• Assess and replace electrolytes as indicated.
• Closely monitor potassium fl uctuations as serum glucose is decreased 

and acidosis reversed.
• Assess arterial pH and bicarbonate level q2–4h during rehydration 

and insulin administration.

Serum glucose returns to normal range. • Monitor serum glucose q30–60min, then q1–4h after level 
<300 mg/dL.

• Administer IV insulin bolus then continuous low dose infusion.
• Infuse D

51/2 normal saline or D5W after glucose is <250 mg/dL.
 

Mobility/Safety
The patient is free of injury related to 

altered sensorium or seizures.
• Place on seizure and fall precautions.
• Assess neurological status q1h, then q2–4h after initial rehydration 

phase.

The patient maintains muscle tone and 
joint range of motion.

• Provide range-of-motion exercises q4h.
• Reposition in bed q2h.
• Mobilize to chair when condition stable.
• Consult physical therapist.
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B O X  2 7 - 5 C O L L A B O R A T I V E  C A R E  G U I D E  ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Skin Integrity
Patient is without evidence of skin 

breakdown.
• Assess risk for skin breakdown using the Braden Scale.
• Initially assess skin and circulation q1–2h for 12 h.
• If risk for skin breakdown low, assess skin q8h and each time patient 

is repositioned.
• Turn q2h.
• Consider pressure relief/reduction mattress if at risk for skin 

breakdown.
 

Nutrition
Nutritional intake meets calculated 

metabolic need (eg, basal energy 
expenditure equation).

• Provide parenteral feeding if patient is NPO.
• Provide clear, then full, liquid diet, and assess patient response.
• Progress to diabetic diet (ADA).
• Consult dietitian or nutritional support service regarding special 

nutritional needs.

There is no evidence of metabolic 
dysfunction.

• Monitor albumin, prealbumin, transferrin, cholesterol, triglycerides, 
glucose, and protein levels.

 

Comfort/Pain Control
Patient is as comfortable as possible 

(as evidenced by stable vital signs 
or cooperation with treatments or 
procedures).

• Document pain assessment, using numerical pain rating or similar 
scale when possible.

• If analgesics are needed, administer cautiously due to risk of respira-
tory and neurological complications.

• Consider nonpharmacological pain management techniques (eg, 
 distraction, touch).

The patient experiences relief from 
nausea, vomiting, and abdominal pain 
or tenderness.

• Maintain nasogastric tube patency.
• Assess bowel sounds q1–2h.
• Administer antiemetic as ordered.
• Provide ice chips and frequent oral hygiene.

 

Psychosocial
Patient demonstrates decreased anxiety. • Provide nonjudgmental atmosphere in which patient can discuss 

concerns and fears.
• Provide patients who are intubated with a method to communicate.
• Provide patients with decreased LOC with sensory input.
• Provide for adequate rest and sleep.

 

Teaching/Discharge Planning
Patient and family understand the tests 

needed for treatment.
• Prepare patient and family for procedures such as EEG, ECG, and 

multiple laboratory studies.

Patient and family understand the 
severity of the illness, ask appropriate 
questions, and anticipate potential 
complications.

• Explain the widespread effects of diabetes and the potential for com-
plications of DKA such as seizures, renal failure, or vascular collapse.

• Encourage patient and family to ask questions related to complica-
tions, pathophysiology, monitoring, treatments, and so on.

Patient and family are prepared for home 
care.

• Teach information needed to manage diabetes: diabetic diet, skin 
care, glucose monitoring, insulin administration, signs and symptoms 
of hypoglycemia and hyperglycemia, and appropriate actions.

• Discuss sick-day management and factors that can precipitate DKA.
• Initiate contacts with diabetic support groups, social services, and 

home health agency.

Morton_Chap27.indd   393Morton_Chap27.indd   393 2/4/2012   3:28:13 PM2/4/2012   3:28:13 PM



394 P A R T  E I G H T Endocrine System

B O X  2 7 - 6   Guidelines for Insulin 
Administration in Diabetic 
Ketoacidosis (DKA)

• Administer insulin IV through an IV infusion pump 
to minimize the trauma of repeated injections.

• Flush tubing well with insulin mixture before infus-
ing to patient to prevent tubing from absorbing too 
much insulin.

• When the serum glucose level reaches 250 mg/dL, 
the IV fl uids should be changed to a glucose-based 
solution.

• Changes in blood glucose levels and the patient’s 
clinical status should clearly indicate a benefi cial 
response to insulin and fl uid replacement. If the 
blood glucose level does not decrease and blood 
pressure and urine output do not stabilize, insulin or 
fl uid replacement may not be adequate.

when there is cardiac decompensation. The bicar-
bonate defi cit is replaced slowly over several hours 
intravenously to raise the level to 10- to 12-mEq/L, 
at minimum.

Promoting Comfort
Gastric motility is greatly impaired in DKA. Gastric 
distention with dark, hemopositive fl uid and vomit-
ing is common. Insertion of a nasogastric tube to 
decompress the stomach can increase comfort and 
decrease the risk for aspiration. The patient should 
not eat or drink in this phase of the illness; ice 
chips may help decrease thirst. Later, when disten-
tion lessens and motility returns, oral intake can be 
resumed.

Hyperosmolar Hyperglycemic Syndrome
HHS, characterized by marked hyperglycemia and 
hyperosmolality without ketoacidosis, may develop 
in patients with type 2 diabetes when they become 
critically ill. HHS has a higher mortality rate than 
any other complication of diabetes (20% to 40%), 
a result of the high serum osmolality levels and the 
comorbidities that often accompany the disorder.

The Older Patient. Frail elderly people are at high 
risk for developing HHS; acute illness increases their 
risk even more. 

Pathophysiology
Table 27-3 compares HHS and DKA. It is specu-
lated that patients who develop HHS may have just 
enough insulin to prevent ketosis but not enough to 
control the glucose level. Pathophysiologically, the 
mechanisms of disease are the same as for DKA—a 
reduction in circulating insulin or insulin resistance 
occurs, coupled with hyperglycemia and the extreme 
hyperosmolar syndrome. However, because insulin 
is still being produced, excessive ketone production 
does not occur. The acidosis that patients with HHS 
may develop is attributed to lactic acidosis from 
poor tissue perfusion, rather than ketoacidosis.

HHS develops slowly over days to weeks, and 
patients often experience polydipsia, polyuria, and 
progressive decline in level of consciousness. Marked 
dehydration occurs with the typical fl uid loss associ-
ated with HHS (about 9 L). As dehydration worsens, 
serum glucose and serum osmolality increase, and a 
life-threatening cycle of hyperglycemia, hyperosmo-
lality, osmotic diuresis, and profound dehydration 

TA B L E  2 7 - 3 Comparison of Signs and Symptoms of Diabetic Ketoacidosis (DKA) and Hyperglycemic 
Hyperosmolar Syndrome (HHS)

DKA HHS

Onset Gradual or sudden, usually less than 2 d Gradual, usually more than 5 d
Previous history of diabetes 

mellitus
85% (15% have new onset) 60%

Type of diabetes mellitus Type 1 Type 2
Age of patient Usually younger than 40 y Usually older than 60 y
Mortality risk 1%–15% 20%–40%
Drug history Insulin Steroids, thiazides, oral agents
Physical signs Polydipsia, polyuria, dehydration, Kussmaul’s 

respirations, mental status changes, “fruity 
breath,” febrile at times, ketoacidosis, nausea 
and vomiting

Dehydration, obtundation, hypothermia, 
toxic appearance, nonketotic

Glucose level Mean, 600 mg/dL Mean, 1100 mg/dL
Range, 250–1200 mg/dL Range, 400–4000 mg/dL

Ketones Present Absent
Osmolality (mean) 320 mOsm/L 400 mOsm/L
Arterial pH (mean) 7.07 7.26
Bicarbonate Markedly low (less than 10 mEq/L) Normal or greater than 15 mEq/L
Anion gap Greater than 12 mEq/L Less than 12 mEq/L, variable

Adapted from American Diabetes Association: Position statement: Hyperglycemic crisis in patients with 
diabetes mellitus. Diabetes Care 27(suppl 1):S94–S104, 2004.
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300 mg/dL), the insulin infusion is decreased and 
dextrose is added to the IV fl uids to prevent a sudden 
drop in the blood glucose level. At this point, insulin 
therapy can be changed to the subcutaneous route.

Investigation of the underlying cause of HHS is 
warranted, and treatment, if possible, is necessary. 
Removal of exogenous sources of glucose (tube 
feedings, medications) is appropriate while treat-
ing patients in the hyperglycemic state. Critical care 
management continues until the patient’s hypergly-
cemic state has stabilized, his or her neurological 
condition and vital signs return to normal, and the 
precipitating cause has resolved.

Hypoglycemia
Insulin-induced hypoglycemia, the most common 
diabetes-related emergency, is a well-recognized 
complication among patients with type 1 diabetes.4 
Mild hypoglycemia causes unpleasant symptoms 
and discomfort; however, severe hypoglycemia can 
lead to serious complications (eg, seizures, coma) 
and death if not reversed. The more profound the 
hypoglycemia and the longer it lasts, the greater 
the chance of transient or even permanent cerebral 
damage after blood glucose levels are restored.

Pathophysiology
Because the neurons in the brain cannot store glu-
cose, the brain depends on the glucose supplied by 
the circulation for energy. The term neuroglycope-
nia refers to hypoglycemia suffi cient to cause brain 
dysfunction that results in personality changes and 
intellectual deterioration. The brain recognizes an 
energy defi ciency when the serum glucose level falls 
abruptly to about 45 mg/dL; however, the exact level 
at which symptoms occur varies widely from person 
to person, and it is not uncommon for levels as low 
as 30 to 35 mg/dL to occur (eg, during glucose tol-
erance tests) without causing symptoms in people 
with long-term diabetes. As the blood glucose level 
falls below normal, impairment of higher cerebral 
functions (eg, trouble thinking or concentrating) is 
followed by the release of epinephrine by the auto-
nomic nervous system, producing symptoms such 
as tachycardia and sweating. As hypoglycemia per-
sists and worsens, consciousness is progressively 
impaired, leading to stupor, seizure, or coma.

Assessment
Clinical manifestations of hypoglycemia are given in 
Box 27-7. Blood glucose measurement, before the 
administration of glucose if possible, verifi es the 
diagnosis.

A major focus of assessment is determining the 
precipitating cause of the hypoglycemic reaction so 
that measures can be taken to prevent future reac-
tions. Common causes of hypoglycemic reactions 
are listed in Box 27-8. Frequently, the precipitating 
event is clear (eg, a skipped meal or an unusually 
strenuous bout of exercise). Problems with insulin 

ensues. Worsening dehydration leads to CNS dys-
function, manifested as confusion and lethargy.

Factors that can precipitate HHS include

• Infection (30% to 60% of patients; urinary tract 
infections and pneumonia are most common)

• Acute illness (eg, stroke, myocardial infarction, 
pancreatitis) with stress response

• Excessive carbohydrate intake or exposure (eg, 
through dietary supplements, total enteral support 
with tube feedings, peritoneal dialysis)

• Medications (corticosteroids, thiazide diuretics, 
sedatives, sympathomimetics)

The Older Patient. The possibility of HHS should 
be considered when an older patient with diabetes 
presents with the new onset of an acute, serious 
infection or illness (eg, myocardial infarction, 
pancreatitis, pneumonia).

Assessment
Often family members or long-term care person-
nel report that the patient has become a bit drowsy, 
taken in less food and fl uid over several days, and 
slept more until he or she became diffi cult to awaken. 
The clinical manifestations of HHS are reviewed in 
Table 27-3, as are the laboratory values, which differ 
from those of DKA in terms of glucose and osmolal-
ity levels, presence of ketones, and serum pH.

Management
Therapy for HHS is directed at correcting the vol-
ume depletion, controlling hyperglycemia, and 
identifying the underlying cause of the HHS and 
treating it. The amount of volume depletion is usu-
ally greater in HHS than in DKA. Rapid rehydration 
is more cautiously carried out in an elderly patient 
with comorbidities. Isotonic saline is administered 
initially to correct the fl uid imbalance, and some 
patients may require as many as 9 to 12 L of fl uid 
overall. The nurse must be vigilant for signs of fl uid 
overload during rehydration; critically ill patients 
(especially those who are elderly and have cardiac 
or renal disease) may require hemodynamic moni-
toring during fl uid resuscitation. The nurse also 
monitors fl uid intake, urine output, blood pressure, 
central pressures, pulse, breath sounds,  neurological 
status, and laboratory test results.

The Older Patient. Older patients who develop HHS 
are at risk for intravascular thrombosis and focal 
seizures because of the hemoconcentration of the 
blood and the hyperosmolar state. Use of seizure 
precautions is necessary at all times. 

Patients receive low doses of insulin along with 
the fl uid replacement. It is necessary to give low-dose 
insulin by continuous infusion (0.1 U/kg/h) because 
these patients are vulnerable to the sudden loss of 
 circulating blood volume that occurs with higher 
doses of insulin and a rapid blood sugar reduction. 
As the glucose level returns close to normal (250 to 
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than 15 g (3 tsp) of glucose can raise the blood glucose 
level from 20 to 120 mg/dL. If the patient can swallow, 
the most convenient form of delivery is a glucose- or 
sucrose-containing drink because it is absorbed into 
the intestines. If the patient is too groggy, stuporous, 
or uncooperative to drink, the glucose is adminis-
tered as an IV bolus (25 g of 50% dextrose given over 
several minutes). If this route or dosage is unavail-
able, 1 mg of glucagon is given subcutaneously or 
intramuscularly. The response to oral glucose takes 
5 to 15  minutes, whereas the response to IV glucose 
should occur within 1 or 2 minutes at most.

Adrenal Crisis
Adrenal crisis (acute adrenal insuffi ciency) is a life-
threatening complication that can develop in criti-
cally ill patients when the additional stress of injury 
or illness quickly depletes cortisol stores or causes 
cortisol resistance, rendering the body unable to 
meet metabolic needs. Adrenal crisis can also result 
from worsening of primary or secondary adrenal 
insuffi ciency or bilateral adrenal hemorrhage.

Assessment
Because adrenal insuffi ciency affects both glu-
cocorticoids and mineralocorticoids, many body 
functions are affected, including glucose metabo-
lism, fl uid and electrolyte balance, cognitive state, 
and cardiopulmonary status. Signs and symptoms 
of an impending adrenal crisis are summarized 
in Box 27-9. Laboratory values in acute adrenal 

dosage or administration may also be an issue. The 
nurse investigates every detail of insulin therapy 
thoroughly, especially any recent change in any part 
of the regimen. Prescription errors, mismatched 
syringe and insulin units, use of new injection sites, 
or an atypical (eg, early or late) response to insu-
lin therapy may emerge as the cause of the reac-
tion. Oral hypoglycemic agents can also produce 
severe and long-lasting hypoglycemia, especially in 
patients who are older and undernourished, with 
impaired renal or hepatic function. Finally, the 
administration or withdrawal of other medications 
(see Box 27-8) must also be considered as the pre-
cipitating event for recurrent insulin reactions.

Management
Treatment of insulin reactions is always glucose. The 
amount of glucose needed to reverse an insulin reac-
tion acutely is not large. In an average-sized adult, less 

B O X  2 7 - 7   Clinical Manifestations of 
Hypoglycemia

• Personality and behavioral changes
• Diffi culties with motor function (eg, trouble walking, 

slurred speech)
• Cortical changes (eg, aphasia, vertigo, localized 

weakness, focal seizures)
• Autonomic neurological responses (eg, tachycardia, 

pallor, sweating, anxiety, tremor, headache)
• Impaired consciousness (eg, stupor, seizure, coma)

B O X  2 7 - 8   Common Causes of Hypoglycemia

• Insulin shock
• Insulinoma
• Inborn errors of metabolism
• Stress
• Weight loss
• Postgastrectomy status
• Alcohol
• Glucocorticoid defi ciency
• Fasting hypoglycemia
• Profound malnutrition
• Prolonged exercise
• Severe liver disease
• Severe sepsis
• Drug effects

 ° Ethanol

 ° Salicylates

 ° Quinine

 ° Haloperidol

 ° Insulin

 ° Sulfonylureas

 ° Sulfonamides

 ° Allopurinol

 ° Clofi brate

 ° β-Adrenergic blockers

B O X  2 7 - 9   Signs and Symptoms of Impending 
Adrenal Crisis

Aldosterone Defi ciency
• Hyperkalemia
• Hyponatremia
• Hypovolemia
• Elevated blood urea nitrogen (BUN)

Cortisol Defi ciency
• Hypoglycemia
• Decreased gastric motility
• Decreased vascular tone
• Hypercalcemia

Generalized Signs and Symptoms
• Anorexia
• Nausea and vomiting
• Abdominal cramping
• Diarrhea
• Tachycardia
• Orthostatic hypotension
• Headache
• Lethargy, fatigue, weakness
• Hyperkalemic electrocardiographic changes
• Hyperpigmentation
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insuffi ciency show hyponatremia, hyperkalemia, 
decreased serum bicarbonate levels, hypoglycemia, 
anemia, leukocytosis, and elevated blood urea nitro-
gen (BUN). Metabolic acidosis may occur because of 
the dehydration.

Management
The immediate goal of therapy is to administer 
the needed corticosteroid replacement and restore 
fl uid and electrolyte balance. The corticosteroid of 
choice for critically ill patients is hydrocortisone (50 
mg every 6 to 8 hours) because it most resembles 
endogenous cortisol. Fluid resuscitation is started 
with normal saline. The rate of fl uid and electro-
lyte replacement is dictated by the degree of vol-
ume depletion, serum electrolyte levels, and clinical 
response to therapy. Associated medical or surgical 
problems may indicate the need for invasive blood 
pressure and hemodynamic monitoring.

C A S E  S T U D Y

Mr. B., a 19-year-old college student, was 
brought to the emergency department by his room-
mate because he had been experiencing fatigue, 
weakness, nausea, and vomiting for 4 days. Mr. B., 
diagnosed with diabetes mellitus at 8 years of age, 
follows a maintenance insulin regimen of 22 U of 
longer-acting insulin glargine at bedtime and a slid-
ing scale of NovoLog premeals. Four days prior to 
coming to the hospital, Mr. B. had developed fl ulike 
symptoms, including a cough, fatigue, fever and 
chills, nausea, and intermittent vomiting. During this 
period, he omitted his evening insulin and then took 
no further insulin for several days because he was 
not eating anything.

On admission, Mr. B.’s vital signs are as follows: 
rectal temp, 100.6°F (38.1°C); HR, 128 beats/min; 
RR, 32 breaths/min and deep; and BP, 90/52 mm 
Hg. He is oriented but lethargic, with coarse rales at 
both lung bases. Admission laboratory work reveals 
the following: hematocrit, 48.6%; white blood cells 
(WBCs), 36,400/mm3; glucose, 710 mg/dL; 
Na+, 128 mEq/L; K+, 5.7 mEq/L; chloride, 90 mEq/L; 
bicarbonate, 4 mEq/L; blood urea nitrogen (BUN), 
43 mg/100 mL; creatinine, 2.3 mg/dL; serum 
ketones, 4+; and urine glucose and ketones, 4+. 
Arterial blood gas (ABG) values are as follows: 
arterial blood pH, 7.06; PaO2, 112 mm Hg; PaCO2, 
13 mm Hg; and bicarbonate, 2.5 mEq/L. The 
admission chest fi lm is negative for pneumonia.

Emergency department physicians diagnose 
Mr. B. with diabetic ketoacidosis (DKA), and the 
initial therapy consists of several liters of IV  normal 
saline and 20 U regular insulin by IV push,  followed 
by an infusion of insulin at 5 U/h  during the fi rst 
9 hours. Mr. B.’s mental status improves rapidly. 
The fl ow sheet below summarizes the  biochemical 
changes over the fi rst 15 hours.

Time Sugar pH Na K Cl HCO3

BUN/
Creatinine

1:00 PM 710 7.06 128 5.7 90 4 43/2.3

3:00 PM 492 132 4.8 101 6 41/1.7

5:15 PM 375 7.25 137 4.1 106 8 45/1.4

10:00 PM 303 139 4.7 114 15 27/1.2

4:00 AM 304 143 4.3 113 22 22/1.1

By the time of discharge 4 days later, Mr. B. is eat-
ing well, and it is evident that his blood glucose is 
controlled on his usual doses of insulin glargine.

1. Mr. B. receives diagnoses of ketosis and acidosis. 
What are the indicators of ketosis and acidosis?

2. Mr. B. experiences volume depletion and electro-
lyte imbalances. Why does this occur and what 
are the clues?

3. How could Mr. B.’s complication of diabetes be 
prevented?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R

Patient Assessment: Hematological 
and Immune Systems

Hematological and Immune 
Systems

28

NINE

Based on the content in this chapter, the reader should be able to:

1 Describe those areas of a patient’s history and physical assessment pertinent 
to assessing hematological and immune functions.

2 Summarize the laboratory tests used to evaluate hematological and immune 
functions.

3 Summarize diagnostic studies used to evaluate hematological and immune 
functions.

4 Describe key aspects of the assessment of the immunocompromised patient.

O B J E C T I V E S

General Assessment
History
The patient history is essential when evaluat-
ing potential hematological or immune disorders. 
Elements of the hematological and immunological 
history are summarized in Box 28-1.

The Older Patient. When obtaining the 
health history of an older adult, be aware that risk 
factors associated with hematological disorders 
include decreased iron intake resulting from poor 
dentition (diffi culty chewing meat) or a fi xed income 
(inability to afford sources of iron such as meat or 

supplements); low-grade gastrointestinal bleeding 
from undiagnosed colon cancer, hemorrhoids or 
polyps, or the use of nonsteroidal anti-infl ammatory 
drugs (NSAIDs) for the treatment of arthritis; poor 
absorption of vitamin B12 as a result of atrophic 
gastritis; declining immune function; and 
anticoagulation therapy (eg, to treat atrial fi brillation).

Physical Examination
Because a hematological or immunological disor-
der can affect all body systems, a thorough head-
to-toe physical examination is necessary. However, 
particular attention is paid to the skin, liver, spleen, 
and lymph nodes, which often manifest many of the 
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• Percussion. Percussion is used to establish the 
size of the liver and spleen, both of which sound 
dull on percussion. Hepatomegaly or splenomeg-
aly can indicate a number of hematological or 
immunological conditions.

• Palpation. Palpation is used to assess the lymph 
nodes; enlargement, tenderness, texture (hard, 
soft, or fi rm), and whether they are fi xed or mov-
able should be noted. The nurse also palpates the 
spleen to confi rm splenomegaly.

Laboratory Studies
Laboratory test results are usually the most sensi-
tive and specifi c determinants of hematological and 
immune problems. A complete blood count (CBC) 
provides an overall indication of bone marrow 

physical signs of hematological or immunological 
dysfunction.

• Inspection. Inspection of the skin, conjunctiva, 
and nail beds may reveal pallor or cyanosis (signs 
of tissue hypoxia), jaundice (a sign of excessive 
hemolysis), or purpuric lesions (a sign of a clot-
ting disorder). Nail abnormalities (eg, clubbing, 
spoon-shaped nails, longitudinal striations) may 
also be a sign of tissue hypoxia. Lesions of the oral 
mucosa (eg, white patches or plaques) may be a 
sign of immunocompromise. It is also important 
to inspect the lymph nodes from head to toe, not-
ing any that are visibly enlarged.

• Auscultation. Auscultation of the liver and spleen 
may reveal a friction rub, which could indicate 
peritoneal infl ammation. Splenic friction rubs may 
indicate infarction.

B O X  2 8 - 1 Hematological and Immunological Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format; see Chapter 12, Box 12-2)
• Unusual bruising or bleeding
• Frequent infections
• Fatigue or malaise
• Headache
• Dizziness
• Gait disturbance
• Pain
• Enlarged lymph nodes
• Fevers or night sweats
• Weakness
• Limb pain or limp
• Seizure
• Weight loss
• Vomiting
• Heat intolerance
• Poor wound healing
• Nevi

Past Health History

• Relevant childhood illnesses and immunizations: 
mononucleosis, malabsorption, hepatitis, pernicious 
anemia

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: anemia, 
cancer, infections, autoimmune disorders, inherited 
hematologic disorders, cirrhosis, HIV, major trauma, 
sepsis

• Risk factors: recent exposure to benzenes, pesticides, 
mustard gas, antineoplastic agents

• Past surgeries: splenectomy, cardiothoracic surgery, 
total gastrectomy

• Past diagnostic tests and interventions: bone mar-
row aspiration, radiation therapy, chemotherapy, 
blood transfusions, administration of blood products 
(cryoprecipitate)

• Medications, including prescription drugs, 
over-the-counter drugs, vitamins, herbs, and 
supplements: chemotherapeutic agents, antibiotics, 
antihypertensives, diuretics, glucocorticoids, nonste-
roidal anti-infl ammatory drugs (NSAIDs), aspirin, 
heparin, warfarin, antiplatelet agents

• Allergies and reactions to medications, foods, dye, 
latex or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and sib-
lings: cancer, anemia, inherited hematologic disorders

Personal and Social History

• Tobacco, alcohol, and substance use
• Environment: exposure to chemicals
• Diet: insuffi cient intake of foods rich in iron, folic 

acid, vitamin B12

• Sleep patterns: disruptive sleep patterns
• Exercise

Review of Other Systems

HEENT: oral infections, gum bleeding, epistaxis, 
mouth sores, sore throat, jaundiced sclera, conjuncti-
val pallor, retinal hemorrhages

Cardiovascular: palpitations, tachycardia, new-onset 
chest pain

Respiratory: recent upper or lower respiratory tract 
infection, hemoptysis

Gastrointestinal: blood in emesis or stools, “tarry” 
stools, unintentional weight loss

Musculoskeletal: weakness, bone pain, back pain, 
arthralgia

Neurological: mental status changes, pain to touch
Genitourinary: blood in urine, urinary tract infection, 

heavy menstruation, vaginal bleeding
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the absolute value (18,000 × 0.60) is 10,800 cells/mm, 
well above normal. Table 28-4 indicates normal 
relative and absolute values for the WBC count and 
differential.

There are numerous potential abnormalities 
in the WBC differential. A left shift refers to an 
increase in the number of bands (immature WBCs), 
which usually indicates an infectious process. The 
presence of blasts in the peripheral blood is always 
an aberrant fi nding and suggests the presence of leu-
kemia or a myeloproliferative disorder.

T- and B-Lymphocyte Tests
Identifi cation of types of circulating lymphocytes 
and their subtypes can be useful in characterizing 
hematological malignancies and identifying immu-
nological and autoimmune diseases.1 Lymphocytes 
are classifi ed as T cells and B cells. T cells are 
important in the body’s ability to distinguish 
between self and nonself. T-cell subtypes can be 
measured and assist with certain diagnoses (eg, 
AIDS). When an antigen stimulates B cells, they 
differentiate into plasma cells and produce anti-
bodies. Autoimmune diseases occur when the 
body produces antibodies directed against its 
own tissues. The antibodies against various tis-
sues can be evaluated through serum and urine 
tests.

Tests to Evaluate Coagulation 
Platelet Count
Platelet count (obtained from the CBC) is used to 
evaluate primary hemostasis (ie, the aggregation 
of platelets at the site of vessel injury). A platelet 
count of less than 150,000/mm is abnormal, but 

production of red blood cells (RBCs), white blood 
cells (WBCs), and platelets, and indicates the 
patient’s hemoglobin level, hematocrit level, RBC 
indices, and WBC differential.

Tests to Evaluate Red Blood Cells
RBC indices (Table 28-1) are laboratory values 
that describe RBC structure (size) and hemoglobin 
content. A peripheral smear (Table 28-2) can also 
be used to evaluate RBC structure. A reticulocyte 
count, which counts the number of immature RBCs 
recently released from the bone marrow, aids in 
evaluating RBC production. The reticulocyte count 
is expressed as a percentage of the total RBC count. 
Tests to evaluate iron (Table 28-3) are also often 
ordered in the assessment of RBC disorders.

Tests to Evaluate White Blood Cells

White Blood Cell Count and Differential
Because WBCs detect and destroy pathogens, an 
elevated WBC count usually indicates infection and 
tends to correlate with the severity of the infection. 
The WBC count measures circulating leukocytes 
and should always be assessed in conjunction with 
the WBC differential and the patient’s clinical condi-
tion. The WBC differential is relative and describes 
the percentages of the WBC subtypes (neutrophils, 
eosinophils, basophils, monocytes, and lympho-
cytes). WBC subtypes can also be measured using 
absolute numbers. It is important to consider both 
the absolute and relative values of the WBC subtypes 
when assessing the differential. For example, 60% 
segmented neutrophils may seem to be within nor-
mal limits, but if total WBCs are 18,000 cells/mm3, 

TA B L E  2 8 - 1 Red Blood Cell (RBC) Indices

Test Normal Value Signifi cance Clinical Implications

Mean corpuscular 
volume (MCV)

82–98 mm3 Expresses the volume occupied by 
a single RBC.

Low value indicates RBCs are smaller than 
normal (microcytic).

High value indicates RBCs are larger than 
normal (macrocytic).

MCV results are the basis of the classifi cation 
system used to evaluate anemias.

Mean corpuscular 
hemoglobin 
(MCH)

26–34 pg/cell Indicates the average weight of 
hemoglobin in each RBC.

Low value is associated with microcytic 
anemia.

High value is associated with macrocytic 
anemia.

Mean corpuscular 
hemoglobin 
concentration 
(MCHC)

32–36 g/dL An expression of the average 
concentration of hemoglobin 
in the RBCs; it is a calculated 
value that represents the ratio 
of the weight of the hemoglobin 
to the volume of the RBC.

Low value is associated with anemia and iron 
defi ciency.

High value is associated with hereditary 
spherocytosis.

Red cell 
distribution 
width (RDW)

11.5–14.5 Indicates the degree of abnormal 
variation in the size of the 
RBCs.

Low values have no known cause; high 
values are associated with iron defi ciency, 
vitamin B12 or folate defi ciency.

Used to differentiate anemias from one 
another and from thalassemia.
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TA B L E  2 8 - 2 Peripheral Smear RBC Abnormalities

Abnormality Potential Diagnoses Further Testing

Nucleated (immature) RBCs Acute hemorrhage, hypoxia, 
megaloblastic anemia, hemolytic 
anemia, bone marrow malignancy, 
granulomas, asplenia

Vitamin B12 and folate levels; assessment 
for bleeding; O2 saturation, arterial 
blood gases for hypoxia

Spherocytes, elliptocytes Hemolytic anemia from hereditary 
spherocytosis, hereditary elliptocytosis

Reticulocyte count, serum bilirubin, 
serum lactate dehydrogenase, direct 
Coombs’, osmotic fragility

Rouleaux formations Multiple myeloma Serum protein electrophoresis, urine for 
Bence Jones proteins

Target cells, sickle cells, red 
cell cytoplasmic inclusions

Sickle cell anemia, thalassemia Hemoglobin studies (hemoglobin 
electrophoresis, hemoglobin F and A2)

Schistocytes Thrombotic thrombocytopenic purpura, 
mechanical hemolysis (prosthetic 
heart valve)

Reticulocyte count, serum lactate 
dehydrogenase, serum bilirubin, 
coagulation studies, cardiac 
auscultation

RBC, red blood cell.

TA B L E  2 8 - 3 Laboratory Studies to Measure Iron Levels

Test Normal Value Signifi cance Clinical Implications

Serum iron Men: 70–175 μg/dL
Women: 50–150 μg/dL

Indicates the amount of iron 
in the serum.

Helpful in differentiating anemias
Serum iron value not useful on its own; 

must be evaluated in context of other 
laboratory studies used to evaluate 
iron levels

Serum ferritin Men: 18–270 ng/mL
Women: 18–160 ng/mL

Refl ects the body’s iron 
stores and is the most 
reliable indicator of total 
body iron status.

Decreased value usually indicates iron-
defi ciency anemia; increased value 
occurs in iron excess

Total iron-binding 
capacity 
(TIBC)

250–450 mg/dL Indicates the maximum 
amount of iron that can 
be bound to transferrin.

Useful for differentiating anemia from 
chronic infl ammatory disorders
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TA B L E  2 8 - 4 White Blood Cell (WBC) Count and Differential: Laboratory Abnormalities

Test

Normal 
Value: 
Relative

Normal Value: 
Absolute 
(cells/mm3) Signifi cance Possible Causes of Abnormal Results

WBC count 4500–10,000 Measures number of 
WBCs

Infection, infl ammation, leukemia, trauma, 
stress, steroids, hemorrhage, dehydration

Granulocytes 50%–70% Type of WBC 
categorized by 
presence of granules 
in cytoplasm

See specifi c granulocyte subtypes below

Segmented 
neutrophils

3%–5% 2500–7000 Mature neutrophil with 
nuclei segmented 
into lobes

Increased: bacterial infection, infl ammatory 
disorder, tissue destruction, malignancy, 
drug-induced hemolysis, diabetic 
ketoacidosis, myeloproliferative disorders, 
idiopathic, smoking, obesity

Decreased: compromised immune system, 
depressed bone marrow, heart-lung 
bypass, hemodialysis, overwhelming 
infection, tuberculosis, typhoid

Band 
neutrophils

1%–3% 135–500 Immature neutrophil 
with nuclei that 
have smooth edges, 
unsegmented

Increased: acute stress, active bacterial 
infection

Decreased: compromised immune system

Eosinophils 0.4%–1% 100–300 Also known as 
acidophils (acid 
loving); combat 
infections caused 
by parasites; play 
a role in allergic 
reactions; cause 
bronchoconstriction 
in asthma

Increased: parasitic infection, asthma, 
allergies, dermatoses (hives and eczema), 
adrenal insuffi ciency

Decreased (note: a low eosinophil count is not 
a cause for concern); Cushing’s disease; 
administration of glucocorticosteroids; 
various pharmaceuticals

Basophils 4%–6% 40–100 Similar mechanism to 
mast cells in allergic 
response; triggered 
by immunoglobulin 
E binding to 
antigens; releases 
proinfl ammatory 
mediators

Increased: hyperlipidemia, viral infections 
(smallpox, chickenpox), infl ammatory 
conditions (ulcerative colitis, chronic 
sinusitis, asthma), Hodgkin’s lymphoma, 
increased estrogen, hypothyroidism, 
myeloproliferative disorders,

Decreased: stress, hyperthyroidism, 
pregnancy

Monocytes 25%–35% 200–600 Monocytes become 
macrophages after 
migration into tissue; 
macrophages 
perform 
phagocytosis

Increased: viral infection, parasitic infection, 
myeloproliferative disorders, infl ammatory 
bowel disease, sarcoidosis, cirrhosis, drug 
reactions

Decreased: administration of glucocorticoids, 
aplastic anemia, lymphocytic anemia

Lymphocytes 1700–3500 Primary source of 
viral defense and 
antibody production

Increased: viral infections, pertussis, 
tuberculosis, acute lymphoblastic 
leukemia, cytomegalovirus infection, 
mononucleosis, post transfusion, 
splenomegaly, hyperthyroidism, connective 
tissue disorder

Decreased: AIDS, bone marrow suppression, 
aplastic anemia, steroid use, neurological 
disorders (multiple sclerosis, myasthenia 
gravis, Guillain–Barré syndrome)

spontaneous bleeding from thrombocytopenia alone 
usually does not happen unless the platelet count 
falls below 20,000/mm. However, prolonged bleed-
ing from surgery or trauma may occur with platelet 
counts of 40,000 to 50,000/mm. Severe, spontaneous 

hemorrhage may result when platelet counts reach 
5000 to 10,000/mm. Platelet disorders may result 
from thrombocytopenia (eg, due to decreased 
bone marrow production, splenic sequestration, or 
peripheral destruction of platelets by the body’s own 
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immune system) or from abnormal platelet function 
(Box 28-2).

A platelet count greater than 400,000/mm indi-
cates increased platelet production or decreased 
platelet destruction. These platelets may function 
abnormally, causing aberrant bleeding and clot-
ting. Primary thrombocytosis may result from bone 
marrow disease. Reactive thrombocytosis may be 
caused by chronic infl ammation, infection, malnu-
trition, acute stress, malignancy, splenectomy, or the 
postoperative state.

Peripheral Smear
A peripheral blood smear may reveal megathrombo-
cytes (large platelets), which may be present during 
premature platelet destruction.

Platelet Function Assay
The platelet function assay (PFA) evaluates the adhe-
sion and aggregation qualities of the platelets. This 
test is helpful in the evaluation of platelet function 
in patients with menorrhagia, drug-induced platelet 
dysfunction, and high-risk pregnancy.2

Bleeding Time
The bleeding time test assesses the length of time 
required for a clot to form at the site of vessel injury. 
Prolonged bleeding time in a patient with a normal 
platelet count may indicate a disorder of platelet 
function.

Prothrombin Time and Activated Partial 
Thromboplastin Time
Screening for coagulation abnormalities includes 
evaluating the prothrombin time (PT) and the 
activated partial thromboplastin time (APTT). 
Prolongation of either of these tests indicates 
coagulation factor defi ciencies or inhibition. PT, 
which measures the amount of time it takes for 
a fi brin clot to form in a plasma sample follow-
ing the addition of a thromboplastin reagent, is 
used to identify abnormalities in the extrinsic 
and common pathways. Because interpretation 
of PT is highly variable depending on the labora-
tory, the World Health Organization introduced 
the international normalized ratio (INR) to pro-
vide a common standard for interpretation of PT. 

B O X  2 8 - 2   Common Causes of Platelet 
Disorders in Critically Ill Patients

Thrombocytopenia
• Heparin
• Sepsis
• AIDS
• Disseminated intravascular coagulation (DIC)
• Thrombotic thrombocytopenic purpura (TTP)

Abnormal Platelet Function
• Renal insuffi ciency
• Cardiopulmonary bypass
• Medications (eg, aspirin, clopidogrel, dextran)

The APTT measures how well the coagulation 
sequences of the intrinsic and common pathways 
are functioning.

Clotting factor defi ciencies or inhibition of 
clotting factors can lead to bleeding disorders, 
characterized by recurrent oozing of blood and 
hematoma formation. Bleeding disorders caused 
by clotting factor abnormalities may be congeni-
tal (eg, von Willebrand’s disease, hemophilia A, 
hemophilia B) or acquired (eg, as a result of vita-
min K defi ciency, severe trauma, hemorrhage, 
massive transfusion, overwhelming infection, 
severe liver disease, or disseminated intravascu-
lar coagulation [DIC]). Laboratory testing for an 
acquired disorder of hemostasis varies, based on 
the suspected etiology of the disorder. In general, 
testing includes PT, APTT, thrombin time, fi brino-
gen levels, and fi brin degradation product (FDP) 
or D-dimer levels (Table 28-5). Bleeding time and 
liver enzyme and liver function tests are also 
ordered.

Inappropriate activation of clotting factors can 
lead to a hypercoagulable state, which increases the 
tendency for thrombosis. Risk factors for hyperco-
agulability are given in Box 28-3.

Tests to Evaluate Immune System Functioning
Common laboratory tests to assess immune system 
functioning are reviewed in Table 28-6.

Diagnostic Studies
Diagnostic studies used in the evaluation of hema-
tological and immunological disorders include the 
following.

• Bone marrow aspiration and biopsy. Biopsy 
provides information about the precursors of the 
blood’s components to determine whether hema-
tological abnormalities are a production defect. 
Bone marrow examination is useful in detecting 
infi ltrative processes (eg, malignancy), which can 
affect blood cell production.

• Computed tomography (CT) evaluation of the 
lymph nodes of the chest, abdomen, and pelvis 
may be used to determine the presence of masses 
in suspected malignancy, especially lymphoma. 
Liver disease (an important factor in coagulopa-
thy) and splenomegaly may also be evaluated 
using CT.

• Positron emission tomography (PET) is used 
in patients with lymphoma and non-Hodgkin’s 
lymphoma to diagnose and stage cancer, evaluate 
response to therapy, and assess for recurrence.

• Intradermal skin testing is used to evaluate cell-
mediated immunity. In this study, various antigens 
are injected just below the skin’s surface to check 
for delayed-type hypersensitivity. Cutaneous 
anergy (ie, failure to react to the injected anti-
gens) implies a defect in cellular immunity, such 
as may be seen in AIDS, leukemia, or lymphoma.
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or trauma in the critically ill patient can depress 
functioning of the immune system. Invasive pro-
cedures, indwelling catheters, IV lines, mechani-
cal ventilation, nutritional compromise, and the 
critical care environment itself can predispose 

TA B L E  2 8 - 5 Laboratory Studies for the Evaluation of Clotting

Laboratory 
Test Description Clinical Signifi cance

PT Screens for dysfunction in 
the extrinsic and common 
pathways

Measures the patient’s response 
to warfarin therapy.

Used to monitor response to anticoagulation therapy with warfarin
Prolonged PT indicates:
• Liver disease
• Vitamin K defi ciency
• Clotting factor defi ciency
• DIC
Certain drugs can cause prolonged PT, including:
• Warfarin
• Allopurinol
• Aspirin
• β-lactam antibiotics
• Chlorpropamide
• Digoxin
• Diphenhydramine
• Phenytoin sodium

APTT Screens for dysfunction in the 
intrinsic and common pathways

Measures the patient response to 
heparin therapy

Prolonged APTT indicates
• Disorders of any coagulation factors except VII and XII
• Associated clinical conditions:
� DIC
� von Willebrand’s disease
� Liver disease

• Certain drugs can affect APTT, including:
� Heparin
� Chlorpromazine
� Codeine
� Phenothiazines
� Salicylates

Thrombin time Measuring clotting time of a 
plasma sample to which 
thrombin has been added; 
thrombin converts fi brinogen to 
fi brin in fi nal coagulation phase

Increased thrombin clotting time may indicate:
• DIC
• Liver disease
• Clotting factor defi ciencies
• Shock
• Hematological malignancies
Decreased thrombin clotting time may indicate:
• Thrombocytosis

Fibrinogen level Measures fi brinogen level to 
determine primary hemostasis 
status

Elevated fi brinogen level indicates conditions of:
• Tissue damage
• Infl ammation
Decreased fi brinogen level may indicate:
• DIC
• Severe liver disease
• TTP
• Trauma

Fibrin 
degradation 
product 
(FDP) level

Measures FDP level to determine 
fi brinolytic activity (FDPs are 
the byproducts of fi brin)

Increased FDP level may indicate:
• DIC
• VTE

D-Dimer Measures FDP levels (more 
specifi c than FDPs)

Elevated D-dimer may indicate:
• Pulmonary embolism
• Venous and arterial thrombotic conditions (eg, DVT)

APTT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation; DVT, deep venous 
thrombosis; PT, prothrombin time

Assessment of Immunocompetence
Immunocompetence refers to the body’s abil-
ity to protect itself against disease. Physical and 
psychological stress from overwhelming illness 
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TA B L E  2 8 - 6 Laboratory Studies for the Evaluation of Immune Function

Laboratory Test Clinical Signifi cance/ Normal Values Use

C-reactive protein (CRP) Levels less than 10 mg/L indicate the patient no 
longer has clinically active infl ammation; high or 
increasing levels are consistent with infection, 
infl ammation, or both

Evaluation of various infl ammatory 
conditions, including rheumatoid 
arthritis and systemic lupus 
erythematosus

Antinuclear antibody 
(ANA)

Low titers are negative Screening and diagnosis of 
autoimmune disorders

Human leukocyte antigen 
(HLA) typing

HLA is a protein marker found on most of the 
body’s cells; typing involves either serologic or 
DNA methods

Results are reported as phenotype for each of the 
six HLA loci tested

Antibody screen test is reported as the percentage 
of panel reactive antibodies (PRAs); percent 
PRA is number of wells reactive with the 
patient’s serum expressed as a percentage

Cross-match is reported as compatible or 
incompatible

Determination of tissue compatibility 
for organ transplantation; also 
used to determine paternity 
and to diagnose HLA-related 
disorders

Erythrocyte sedimentation 
rate (ESR)

Men: 1–13 mm/h
Women: 1–20 mm/h

Evaluation of infl ammatory state; 
females tend to have a higher 
ESR; ESR increases with age

Immunoglobulins (Igs) IgA: 160–260 mg/dL
IgG: 950–1550 mg/dL
IgM: 50–300 mg/dL
IgD: 0–9 mg/dL
IgE: 0.002–0.2 mg/dL

Assessment of immunodefi ciency 
state and certain cancers, 
including multiple myeloma 
and macroglobulinemia; also 
used to assess response to 
immunizations

Complement system C3: 75–150 mg/dL
C4: 13–40 mg/dL

Diagnosis of systemic lupus 
erythematosus and other 
immunological disorders

B O X  2 8 - 3   Risk Factors for Hypercoagulability

Physiological
• Pregnancy/postpartum status
• Venous stasis
• Age greater than 40 years
• Immobilization
• Previous venous thromboembolism

Pathological
• Malignancy
• Liver disease
• Disseminated intravascular coagulation (DIC)
• Polycythemia
• Lupus anticoagulant

• Vascular injury
• Sepsis
• Heart failure
• Myocardial infarction
• Inherited abnormalities

Environmental
• Smoking
• Stress
• Heat

Iatrogenic
• Surgery/postsurgical status
• Estrogen therapy

patients to infection, sepsis, and septic shock. 
Key nursing responsibilities for the critically ill 
patient include assessing the patient’s risk factors 
for infection (Fig. 28-1) and reducing susceptibil-
ity to infection.

The Older Patient. Older patients experience 
a decline in immune system function and frequently 
have comorbidities, such as diabetes, chronic 

obstructive pulmonary disorder (COPD), and renal 
disease, making them more susceptible to infections. 

RED FLAG! Patients who are severely 
immunosuppressed may not display the typical 
signs of infection. Fever and redness or pus at 
infection sites may be diminished because of the 
decreased numbers of WBCs required to produce 
these physical signs. 
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Patient History
• Age
• History of infection

Nutritional Status
• Inadequate protein
   and calories

Chronic Disease
• Diabetes
• Cancer
• Aplastic anemia
• Hepatic disorders

Medications and Treatments
• Chemotherapy
• Antibiotics
• Radiation therapy
• Biological products (e.g.,
   interferon-α, interleukin-δ)
• Multiple red blood cell transfusions
• Steroids

Skin Integrity
• Wounds
• Burns
• Decubiti

Immunosuppressed States
• Leukemias/lymphomas
• Treatment protocols
• Immunodeficiency

Assessment
of

Immunocompetence

F I G U R E  2 8 - 1  Risk factors for 
impaired immunocompetence.

C A S E  S T U D Y

Mr. N., a 63-year-old white man, is admitted to 
the coronary care unit with complaints of “crushing” 
chest pain with radiation to the left arm and con-
comitant shortness of breath for the past 2 days. 
The chest pain has been unrelieved by rest and 
sublingual nitroglycerine tablets. He also complains 
of being “exhausted for no good reason” and that 
he “can’t seem to catch his breath.” Mr. N. reports 
having had tarry black stools for the past 4 weeks 
and bright red blood in his stool the morning of 
admission. His past medical history is signifi cant 
for coronary artery disease (CAD), type 2 diabe-
tes mellitus, hyperlipidemia, gastric ulcer disease, 
and an appendectomy in 1975. He stopped taking 
his “stomach medications” (omeprazole) several 
months ago. He has a 70-pack-year history of 
smoking and reports drinking 2 to 4 oz of alcohol 
per day.

Objective assessment fi ndings include the fol-
lowing: HR, 112 beats/min; BP, 90/60 mm Hg; 
RR, 24 breaths/min and shallow; pallor of the oral 
mucosa; and a low pitch, low intensity S4 heart 
sound on auscultation. A 12-lead ECG demon-
strates T-wave inversion in leads II, III, and aVF, 
indicating ischemia in the inferior wall of the heart.

A complete blood count (CBC) with all indices 
is drawn, and the following results are reported: 
hemoglobin, 9.4 g/100 mL; hematocrit, 28%; mean 
corpuscular volume (MCV), 72 mm3, mean cor-
puscular hemoglobin (MCH), 20 pg/cell; mean 

corpuscular hemoglobin concentration (MCHC), 
22%; reticulocyte count, 5%; serum iron, 43 μg/dL; 
serum ferritin, 15 ng/mL; total iron-binding capacity 
(TIBC), 450 mg/dL; and serum transferrin, 150 mg/
dL. An increase in the white blood cell (WBC) count 
is also noticed.

1. What is Mr. N.’s primary health problem?

2. Identify at least three subjective fi ndings consis-
tent with this primary health problem.

3. Identify at least six objective fi ndings consistent 
with this primary health problem and discuss how 
these fi ndings are implicated in the problem.

4. What is the signifi cance of the elevated WBC 
count?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R
Common Hematological and 
Immunological Disorders29

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the pathophysiology, assessment, and management of disseminated 
intravascular coagulation (DIC).

2 Describe common forms of thrombocytopenia in the critically ill patient and 
explain their assessment and management.

3 Describe common forms of anemia in the critically ill patient and explain their 
assessment and management.

4 Discuss nursing care of the critically ill patient with sickle cell disease.
5 Describe nursing care of the critically ill patient with neutropenia.
6 Describe nursing care of the critically ill patient with a lymphoproliferative 

disorder.
7 Describe nursing care of the critically ill patient with HIV infection.

Disseminated Intravascular 
Coagulation
Disseminated intravascular coagulation (DIC) is an 
acquired coagulopathy characterized by inappropri-
ate triggering of the coagulation cascade, leading 
to consumption of clotting factors and, ultimately, 
bleeding. All critically ill patients are at risk for devel-
oping DIC because many are in a state of physio-
logical disequilibrium characterized by bacteremia, 
hypovolemia, hypotension, hypoxia, and acidosis, 
all of which have procoagulant effects. In addition, 
the patient’s critical illness itself could result in the 
development of DIC. Increased awareness of DIC as 
a potentially catastrophic complication in the criti-
cally ill patient facilitates earlier recognition and 
intervention.

RED FLAG! Care of the patient at risk for DIC 
requires constant assessment of all body systems 
for signs and symptoms of inappropriate clotting and 
bleeding. 

Pathophysiology
Many conditions can serve as the initial triggering 
event (Box 29-1). Instead of a localized response to 
tissue damage or vascular injury, there is systemic 
coagulation activity with widespread intravascu-
lar clotting. Because of the rapidity and amount of 
intravascular thrombin formation, clotting factors 
are used up at a rate exceeding factor replenish-
ment. The result is unregulated clot formation in 
the microvasculature with platelet and fi brinogen 
consumption. Activation of coagulation mecha-
nisms also activates the fi brinolytic system. The 
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B O X  2 9 - 1   Selected Disease States Associated With Disseminated Intravascular Coagulation (DIC)

• Infection (bacterial endotoxins, viremias)
• Burns
• Heat stroke
• Brain injury
• Crush injuries and necrotic tissue
• Obstetrical complications (eg, amniotic fl uid embo-

lism, missed abortion, eclampsia, retained placenta, 
abruptio placentae)

• Intravascular hemolysis (eg, hemolytic transfusion 
reactions, massive blood replacement therapy)

• Acute liver disease

• Prolonged low cardiac output states (eg, cardiac 
 failure, prolonged cardiopulmonary bypass, hemor-
rhagic shock, cardiopulmonary arrest)

• Vasculitis
• Immunological disorders (eg, immune complex 

disorders, allograft reaction, incompatible blood 
transfusion)

• Surgery
• Pancreatitis
• Malignancies (eg, leukemias, solid tumors)
• Chemoradiation therapy

Physiologic dysequilibrium
(e.g., shock, sepsis)

or release of procoagulant 

Clotting stimulus
(vessel endothelial injury, tissue injury,

foreign body in the bloodstream)

Fibrin clot

Clot dissolution Depletion of 
factors

Obstruction and
tissue ischemia

Fragmentation
of cells

 FDPs Bleeding Acidosis
Cell death
Clotting

Bilirubin
Bleeding tendency

Extrinsic pathway
Factor VII

(tissue injury)

Intrinsic pathway
Factor XII

Bleeding 
tendency

F I G U R E  2 9 - 1  Cycle of thrombosis and bleeding in disseminated intravascular coagulation (DIC). FDPs, fi brin 
degradation products.

breakdown of fi brin and fi brinogen results in the 
byproduct, fi brin degradation products (FDPs), 
which interfere with platelet function and the for-
mation of the fi brin clot. Thus, the patient experi-
ences simultaneous thrombosis and bleeding and is 
at risk for hemodynamic instability due to activa-
tion of the infl ammatory system (Fig. 29-1).

A patient with DIC is vulnerable to a wide variety 
of complications resulting from the thrombotic and 
hemorrhagic disease processes. Thrombosis may 
result in ischemia or infarction in any organ, with 
concomitant loss of function. With ongoing fi bri-
nolysis and depletion of clotting factors and plate-
lets, bleeding into subcutaneous tissues, skin, and 
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process.1 Laboratory studies used to assess these 
areas are summarized in Table 29-1.

Management
A collaborative care guide for the patient with DIC is 
given in Box 29-2. Defi nitive therapy for DIC requires 
elimination of the causative agent; however, some 
causes cannot be easily eliminated. Supportive care 
includes maintaining adequate fl uid volume status, 
taking measures to minimize bleeding, improving 
perfusion to organs and tissues, controlling pain, 
and providing psychosocial support.

Patients with signifi cant hemorrhage require 
replacement therapy and repletion of clotting fac-
tors. Fresh frozen plasma contains components of 
both the coagulation and fi brinolytic systems and 
may be given to attempt to correct the coagulopathy. 
Platelet transfusions are usually given only to patients 
with active bleeding or a platelet count of less than 
20,000–50,000/mm3, but is controversial due to the 
potential to cause more clotting following adminis-
tration. Cryoprecipitate may be given to patients with 
plasma fi brinogen levels below 100 mg/dL. The usual 
adult dose is 5 to 10 U, with each unit raising the 
fi brinogen level by 5 to 10 mg/dL. Administration of 
antithrombin III, which balances clot production, 
shortens the duration of DIC and can be replaced 
using heat-treated pooled plasma concentrates. Red 
blood cell (RBC) transfusions, although not useful 
for repleting coagulation factors, may be given to 
increase hemoglobin and oxygen-carrying capac-
ity. The use of heparin to minimize clotting (thereby 
slowing the progression of DIC) is controversial 
because heparin also increases the patient’s risk for 
bleeding. Few clinical studies have shown heparin to 
be effective in patients with acute DIC.

mucous membranes, or more serious organ hemor-
rhage, may result.

Assessment
DIC may be acute in presentation, evidenced by 
severe clinical deterioration, or chronic, evidenced 
by mildly abnormal laboratory values and minimal, 
varied clinical symptoms. Acute DIC, which is most 
common in the critical care setting, is character-
ized by clot formation (resulting in emboli and 
perfusion defects) and consumption of clotting fac-
tors and unchecked clot dissolution (resulting in 
bleeding).

• Clotting may be manifested clinically as cyanosis, 
gangrene, mental status changes, altered level of 
consciousness, cerebrovascular infarct, pulmo-
nary embolus, bowel ischemia and infarction, and 
kidney insuffi ciency or failure. Thrombosis may 
involve both arteries and veins. Total occlusion of 
microvessels in the digits or earlobes can result in 
demarcation cyanosis.

• Bleeding is a manifestation of later disease. The 
patient may bleed from the nose, gums, lungs, 
gastrointestinal tract, urinary tract, surgical sites, 
injection sites, and intravascular access sites. 
Other clinical fi ndings associated with bleed-
ing may include peripheral cyanosis, petechial 
rashes, and purpura fulminans (cutaneous hemor-
rhage and necrosis associated with infections and 
sepsis).

Regardless of the inciting event, there are four basic 
diagnostic components of DIC: excessive rate of 
clot formation, increased rate of clot dissolution, 
consumption of essential clotting factors, and end-
organ damage resulting from the excessive clotting 

TA B L E  2 9 - 1 Laboratory Findings in Acute Disseminated Intravascular Coagulation (DIC)

Test Normal Value Value in DIC

Massive Intravascular Clotting
Platelet count
Fibrinogen level
Thrombin time
Protein C level
Protein S level

150,000–400,000/mm3

200–400 mg/100 mL
7.0–12.0 sec
4 μg/mL
23 μg/mL

Decreased
Decreased
Prolonged
Decreased
Decreased

Secondary Depletion of Essential Clotting Factors
Prothrombin time (PT)
Activated partial thromboplastin time (APTT)
International normalized ratio (INR)

11–15 sec
30–40 sec
1.0–1.2 times normal

Prolonged
Prolonged
Prolonged

Excessive/Accelerated Fibrinolysis
Fibrin degradation products (FDPs)
D-dimer assay
Antithrombin III level

Less than 10 mg/mL
Less than 50 μg/dL
89%–120%

Increased
Increased
Decreased

Clinical Effects of Microvascular Clotting/Cell Destruction
Schistocytes on peripheral smear
Bilirubin level
Blood urea nitrogen (BUN)

0.1–1.2 mg/dL
8–20 mg/dL

Present
Increased
Increased
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B O X  2 9 - 2 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Disseminated 
Intravascular Coagulation (DIC)

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
Arterial blood gases (ABGs) 

are within normal 
limits.

• Monitor pulse oximetry and ABGs.
• Validate signifi cant changes in pulse oximetry with co-oximetry arterial saturation 

measurement.
• Transfuse as necessary to increase oxygen-carrying capacity.
• Encourage use of incentive spirometer, cough and deep breathing q2h. Turn patient q2h.

Breath sounds are clear 
bilaterally.

• Suction oropharynx and trachea carefully when necessary.
• Encourage use of incentive spirometer, cough and deep breathing q2h. Turn patient 

q2h.
 

Circulation/Perfusion
Patient achieves and 

maintains adequate 
clinical perfusion.

• Monitor tissue perfusion: color, temperature, pulse, capillary refi ll, level of con-
sciousness, urine output, and PaO2.

• Monitor vital signs q1–4h based on clinical condition.
• Monitor cardiac output, stroke volume, systemic vascular resistance, and pulmo-

nary artery pressures q4h if pulmonary artery catheter is in place.

Serum lactate is within 
normal limits.

• Monitor lactate daily until it is within normal limits.
• Administer RBCs, positive inotropic agents, IV infusions as ordered to increase 

oxygen delivery.
• Assess patient for potential sources of lactate (eg, ischemic bowel, ischemic distal 

digits) or decreased ability to clear lactate (liver dysfunction).
 

Hematological
Patient does not experience 

bleeding related to 
coagulopathies.

• Monitor PT, PTT, CBC, FDP, D-dimer, and fi brinogen levels daily; more frequently if 
monitoring for acute changes or response to therapy.

• Assess q4h for signs of hematological involvement, including thrombotic and hem-
orrhagic manifestations.

• Quantify degree of bleeding (weigh dressings, count pads, measure drainage; test 
stool, urine, drains, and emesis for heme).

• Assess individual organs for signs and symptoms of bleeding: crackles, decreased 
SaO2 with pulmonary bleeding; visual changes (diplopia, blurred vision, visual fi eld 
defi cit) with retinal thrombosis/hemorrhage; back pain, fl ank pain, abdominal pain 
consistent with visceral organ bleeding.

• Administer blood and coagulation factors as indicated.
• Maintain strict adherence to bleeding precautions.
• Avoid invasive procedures and treatments.
• Avoid medications that inhibit coagulation or promote thrombosis.
• Apply pressure to puncture sites for 3–5 min, then use pressure dressing.

 

Fluids/Electrolytes
Patient is euvolemic. • Take daily weights.

• Monitor I&O; replace/diurese as required.
• Maintain IV access and fl uid replacement therapy.

Mineral and electrolyte 
levels are within normal 
limits.

• Monitor and replace Mg and PO4 daily and PRN.

 

Mobility/Safety
There is no evidence 

of bruising due to 
preventable injury.

• Institute bleeding precautions, including padded side rails, no sharp objects at 
or around bedside, assistance out of bed, and padded self-protective devices (if 
necessary).

• Assess for bleeding/bruising q2h or more frequently.
(continued on page 412)
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B O X  2 9 - 2 C O L L A B O R A T I V E  C A R E  G U I D E   for the Patient With Disseminated Intravascular 
Coagulation (DIC) (continued)

OUTCOMES INTERVENTIONS
 

Skin Integrity
Patient is without evidence 

of skin breakdown.
• Assess skin q8h and each time patient is repositioned for pressure areas, petechiae, 

and ecchymosis.
• Turn q2–4h.
• Consider pressure relief/reduction mattress, and avoid shearing forces.
• Perform range-of-motion exercises every shift.
• Use Braden scale to assess risk for skin breakdown.

 

Nutrition
Nutritional intake meets 

calculated metabolic 
need (eg, basal energy 
expenditure equation).

• Consult dietitian for metabolic needs assessment and recommendations.
• Provide parenteral feeding if NPO.
• Assess for gastrointestinal bleeding and report.

 

Comfort/Pain Control
Patient is as comfortable as 

possible (as evidenced 
by stable vital signs 
or cooperation 
with treatments or 
procedures).

• Document pain assessment, using numerical pain rating or similar scale when 
possible.

• Correlate pain ratings with sites of potential ischemia/infarction/hemorrhage, and 
notify physician.

• Provide warm compresses to promote vasodilation and decrease ischemic pain as 
indicated (with physician approval).

• Provide analgesia and sedation as indicated by assessment.
• Monitor patient response to medication.

 

Psychosocial
Patient demonstrates 

decreased anxiety.
• Educate patient and family regarding disease process and actions taken to correct 

disorder.
• Provide areas of control to patient and family as possible (eg, performance of ADLs, 

visitors).
• Provide explanations and reassurance before procedures.
• Consult social services or clergy as appropriate.
• Provide for adequate rest and sleep.

 

Teaching/Discharge 
Planning
Patient and family 

understand procedures 
and tests needed for 
treatment.

• Prepare the patient and family for procedures, such as blood transfusions and labo-
ratory studies.

• Educate the patient and family regarding clinical parameters and patient presenta-
tion required for safe discharge from unit/hospital.

Thrombocytopenia
Thrombocytopenia occurs when there is decreased 
production, increased destruction of platelets, or 
increased sequestration of platelets in the spleen 
(Box 29-3). Three of the most common types of 
thrombocytopenia in critically ill patients are hep-
arin-induced thrombocytopenia (HIT), thrombotic 
thrombocytopenic purpura (TTP), and immune 
thrombocytopenic purpura (ITP):

• Heparin-induced thrombocytopenia (HIT). 
Although many medications can induce thrombo-
cytopenia, heparin is the most common medication 
used in the critical care unit that is associated with 
thrombocytopenia. Anticoagulation with continu-
ous IV heparin carries the greatest risk, but any type 
of heparin therapy can cause thrombocytopenia. 
HIT typically appears 4 to 14 days after initiation 

of heparin therapy, but it can occur as early as 10 
hours after administration if the patient has been 
exposed to heparin within the previous 100 days, or 
several days after withdrawal of all forms of hepa-
rin. The hallmark of HIT is  a decrease in platelet 
count to less than 50% of the baseline or to less than 
150,000/mm3, or the occurrence of an unexplained 
thromboembolic event. (HIT is characterized by 
thrombosis, rather than bleeding.) Any unexpected 
and substantial percentage decline in platelet count 
that occurs during heparin treatment raises suspi-
cion for HIT. Terminating heparin therapy resolves 
the thrombocytopenia, confi rming the diagnosis.

RED FLAG! HIT is associated with life- and limb-
threatening consequences, including deep venous 
thrombosis (DVT), arterial occlusion, ischemic 
stroke, limb gangrene, myocardial infarction, and 
pulmonary embolism. 

412
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RED FLAG! TTP is an emergency because of its 
extremely high mortality rate. Early recognition 
and prompt initiation of treatment are imperative to 
improve patient survival. 

• Immune thrombocytopenic purpura (ITP) is an 
immune-mediated disorder of platelet destruction. 
Acute ITP typically occurs in childhood. Chronic 
ITP usually occurs in adults, more often in women 
than men. In chronic ITP, the platelet membrane 
is coated with an autoantibody (usually IgG), and 
the sensitized platelets are destroyed in the spleen 
and liver. In at least 50% of patients with ITP, no 
known causative agent is identifi ed; other patients 
may have underlying autoimmune, rheumatic, 
or lymphoproliferative diseases or HIV infection. 
ITP is diagnosed when other disorders of platelet 
destruction are ruled out.

Assessment
The history, physical examination, and initial labo-
ratory data help identify potential causes of throm-
bocytopenia. Elements of the history that may be 
signifi cant include symptoms of associated disorders 
(eg, symptoms of infection, malignancy, or liver dis-
ease); a patient or family history of bleeding; a history 
of platelet transfusion; and the patient’s medica-
tion and alcohol history. The physical examination 
includes a thorough examination of the skin and oro-
pharynx for petechiae and bruising, and evaluation of 
the stool for guaiac. Fever is frequently present in TTP.

Management
The initial step in management of thrombocytopenia 
is to hold any drugs that may be suspected to induce 
thrombocytopenia. Patients with mild to moderate 
thrombocytopenia without bleeding require no treat-
ment. Platelet transfusions are indicated when the 
platelet count is below 20,000–50,0000/mm3 or when 
the patient has spontaneous bleeding or the poten-
tial for increased bleeding risk. In  sequestration- 
or destruction-mediated thrombocytopenia, the 

• Thrombotic thrombocytopenic purpura (TTP) 
is an acute disorder with a mortality rate of 
30% to 40%. Patients with TTP have absent or 
decreased levels of platelet-aggregating factor 
inhibitor, which is normally present in plasma. As 
a result, platelets become sensitized and clump 
in blood vessels, causing occlusion. Initiation of 
the disease process may be related to endothelial 
damage, autoimmune disorders, viral or bacterial 
infection, toxic agents, or genetic predisposition. 
Five classic fi ndings suggest TTP (Table 29-2). 
Not every patient exhibits all fi ve fi ndings; how-
ever, thrombocytopenia and hemolytic anemia 
must be present for the diagnosis to be consid-
ered. Following treatment, patients with TTP may 
be “cured,” relapse years later, or have a chronic 
relapsing course.

B O X  2 9 - 3   Causes of Thrombocytopenia

Decreased production of platelets
• Marrow infi ltration (eg, malignancy, myelofi brosis, 

granulomatous disease)
• Marrow failure (eg, medication, chemotherapy, 

aplastic anemia, severe iron defi ciency)
• Infection (eg, HIV, Epstein-Barr virus, tuberculosis)
• Alcohol use
• Nutritional defi ciency

Increased destruction of platelets
• Disseminated intravascular coagulation (DIC)
• Sepsis
• Intravascular prosthetic devices
• Vasculitis
• Thrombotic thrombocytopenic purpura (TTP)
• Immune mediated

Sequestration of platelets
• Splenic enlargement (eg, tumor infi ltration, 

infection)
• Splenic congestion (eg, portal hypertension, hepatic 

disease)

TA B L E  2 9 - 2 Clinical Manifestations of Thrombotic Thrombocytopenic Purpura (TTP)

Abnormality Underlying Cause Clinical Manifestations

Thrombocytopenia Increased consumption of platelets Bleeding, ecchymosis, purpura at various sites
Microangiopathic 

hemolytic 
anemia

Rupture of red blood cells (RBCs) 
as they pass through partially 
occluded vessels

Schistocytes, reticulocytosis, elevated serum lactate 
dehydrogenase and bilirubin, jaundice, pallor, weakness

Neurological 
abnormalities

Interrupted blood fl ow to the brain Headache, mental changes, confusion, transient ischemic 
attacks, strokes, seizures, coma

Renal dysfunction Obstruction of intraglomerular 
capillaries and infarction of renal 
cortex

Proteinuria, microscopic hematuria, elevated blood urea 
nitrogen (BUN) and creatinine, renal failure

Fever Possibly due to hemolysis or vascular 
infarction of the hypothalamus

Persistent elevation of temperature during acute phase
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414 P A R T  N I N E Hematological and Immune Systems

care units have hemoglobin levels of 12.0 g/dL or 
less, and nearly 95% of patients have below-normal 
hemoglobin levels by their third day on the unit.2,3 
Phlebotomy for diagnostic tests has been reported 
to account for approximately 30% to 50% of anemia 
cases in the critical care unit.4 It is estimated that for 
every 100 mL of blood drawn, there is an associated 
decrease in hemoglobin of 0.7 g/dL and in hemato-
crit of 1.9%.4 The impact is signifi cant, especially in 
patients who remain on the unit for several weeks.

The Older Patient. Anemia is common in the 
elderly, and its prevalence increases with age. 
As with other cells, the body’s capacity for RBC 
replacement decreases with age. Although most 
elderly people are able to maintain their hemoglobin 
and hematocrit levels within a normal range 
under normal circumstances, situations such 
as bleeding may exceed the body’s capacity for 
RBC replacement. In older adults, anemia can be 
associated with neurologic and cognitive disorders, 
cardiovascular complications, and increased risk for 
mortality.

The clinical consequences of anemia depend on 
the degree of the anemia. In general they include

• Impaired tissue oxygenation
• Impaired organ function
• Increased susceptibility to bleeding
• Increased risk for postoperative mortality
• Increased probability of transfusion
• Decreased survival

Types of Anemia
Typically, anemias are classifi ed by cause: blood loss 
anemia; increased destruction of RBCs (hemolytic 
anemia); or decreased production of RBCs (defi -
ciency, or hypoproliferative anemias):

• Blood loss anemia is probably the most common 
anemia requiring admission to the critical care unit. 
Blood loss as the underlying cause must always be 
ruled out in any patient with acute anemia. The con-
dition may be chronic and caused by cancer, ulcers, 
or gastritis. Management focuses on identifying and 
treating the underlying source of blood loss.

• Hemolytic anemias result from the destruction 
of RBCs. They may be congenital or acquired and 
can vary greatly in severity. The most common 
types of congenital hemolytic anemias are caused 
by enzyme defects or RBC membrane defects. 
Acquired hemolytic anemias are summarized in 
Table 29-3.

• Defi ciency anemias result from inadequate pro-
duction of RBCs. Common causes of defi ciency 
anemias are summarized in Table 29-4.

The Older Patient. In the elderly, anemia is usually 
the result of bleeding, infection, malignancy, or 
chronic disease. Combined defi ciencies are common 
in older adults.

response to platelet transfusion is typically very 
poor because transfused platelets are destroyed very 
quickly by the same mechanism that causes the dis-
ease. For these patients, platelet transfusion is used 
only for life-threatening bleeding and immediately 
prior to performing any invasive procedures. All 
patients who receive blood products must be moni-
tored for allergic reactions, anaphylaxis, and vol-
ume overload.

RED FLAG! Platelet transfusion is contraindicated in 
patients with TTP because the transfused platelets 
may aggregate, resulting in myocardial infarction, 
stroke, coma, or death.

Acutely ill patients with TTP require immediate 
infusions of fresh frozen plasma until plasmapher-
esis can be performed. In plasmapheresis, 2 to 3 L 
of the patient’s plasma is removed and replaced with 
an equal amount of fresh plasma. Plasmapheresis 
is repeated daily until the platelet count is greater 
than 150,000/mm3; this may take 5 to 10 days or 
more. Antiplatelet agents and prednisone may be 
used, although the effectiveness of these therapies 
is controversial.

Patients with ITP are treated initially with corti-
costeroids to induce immunosuppression. It usually 
takes a few days of corticosteroid therapy before the 
platelet count begins to rise. When the platelet count 
is critically low (less than 5000/mm3) or the patient 
shows signs of serious bleeding, IV immunoglobu-
lin (IVIG) therapy is given in addition to steroids. 
Patients with chronic ITP who fail to respond to ste-
roids or are steroid dependent may require splenec-
tomy. Patients who undergo splenectomy require 
pneumococcal, meningococcal, and Haemophilus 
infl uenzae type B vaccines.

Thrombocytopenia (bleeding) precautions are 
taken for patients with all types of thrombocytope-
nia and include the following:

• Avoidance of medications that inhibit platelet 
function (eg, aspirin, antiplatelet agents, nonste-
roidal anti-infl ammatory drugs [NSAIDs])

• Avoidance of trauma (this may preclude the place-
ment of central venous catheters and other inva-
sive procedures)

• Evaluation of continued blood loss and assess-
ment of daily laboratory data for adequacy of the 
platelet count and other parameters of hemostasis

Anemia
Anemia is prevalent in critically ill patients; the 
causes are multifactorial and include preexisting 
disease, blood loss from multiple sources, and sup-
pressed erythropoiesis. For some patients, acute 
anemia requiring intensive monitoring and inter-
vention is the primary reason for admission to the 
 critical care unit; others have anemia as a concur-
rent problem or develop anemia during their hospi-
talization. Nearly 67% of patients admitted to critical 
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Management
Management focuses on identifying and correcting 
the underlying cause of the anemia. Supportive mea-
sures may include nutritional supplementation, blood 
transfusion, and the administration of erythropoie-
tin-stimulating proteins. Key nursing interventions 
for the patient with anemia are given in Box 29-4.

• Nutritional supplementation. Parenteral iron (IV 
injection is preferred) may be administered when 
the patient is unable to take oral medications, or 
in the presence of malabsorption or severe renal 
failure. Close patient observation is necessary 

Assessment
Clinical manifestations of anemia include pallor, 
hypotension, weakness, depressed mood, impaired 
cognitive function, and easy fatigability. Tachycardia, 
chest pain (new-onset, or worsening of existing 
angina), dyspnea, and dizziness may result from 
decreased perfusion secondary to the anemia. 
Patients with hemolytic anemia may have spleno-
megaly, jaundice, and dark urine due to the excre-
tion of bilirubin. Laboratory evaluation for anemia 
includes a complete blood count (CBC) with RBC 
indices, a reticulocyte count, iron studies, and a 
peripheral smear analysis.

TA B L E  2 9 - 3 Acquired Hemolytic Anemias

Type of Acquired 
Hemolytic Anemia Underlying Mechanism Interventions

Microangiopathic Vasculitis causes fragmentation of red blood 
cells (RBCs)

Removal of causative factor; iron and 
folate supplements; transfusion

Associated with infectious 
disease (eg, malaria)

Indirect: infection causes splenomegaly
Direct: infectious agent invades and destroys 

RBC membrane

Treatment of underlying infection; 
transfusion

Associated with liver 
disease

Abnormally shaped RBCs and congestive 
splenomegaly lead to RBC destruction

Splenectomy; transfusion

Autoimmune
• Warm antibody Approximately 50% of cases are idiopathic; 

known causative factors include collagen 
diseases, lymphoproliferative disorders, and 
medication reactions

Glucocorticoids; splenectomy; 
immunosuppressive agents; 
transfusion; IV immunoglobulin (IVIG); 
discontinuation of medication

• Cold reactive Exposure to cold triggers the attachment of 
complement-fi xing immunoglobulin M (IgM) 
antibodies to RBCs, causing agglutination 
and hemolysis

Avoidance of exposure to cold; transfusion; 
plasma exchange, use of blood warmer

Associated with abnormal 
cardiac valves

RBCs are damaged as they pass through 
abnormal valve

Valve repair or replacement; iron and 
folate supplements

Associated with 
hypothermia or use of 
cold cardioplegia

Membrane damage shortens life span of RBCs Keep patient warm or rewarm patient

TA B L E  2 9 - 4 Defi ciency Anemias

Type of Defi ciency Anemia Underlying Mechanism Interventions

Iron defi ciency anemia Chronic blood loss, inadequate iron intake or 
absorption

Iron supplements; correction of 
underlying cause

Megaloblastic anemia Impaired DNA synthesis causes cells to continue 
to grow without dividing; causes include 
defi ciencies of vitamin B12, folate, or both

Vitamin B12 replacement; folic acid 
supplement

Anemia of chronic disease Chronic disease (eg, renal failure, infections, 
malignancy, rheumatoid arthritis) is associated 
with suppressed RBC production, decreased 
RBC survival time, and low serum erythropoietin 
levels

Transfusion; recombinant human 
erythropoietin (rHuEPO); 
correction of underlying disorder

Aplastic anemia The bone marrow’s ability to generate all types 
of blood cells is impaired; causes include 
medications, chemical exposures, viruses, and 
immunologic and congenital disorders

Transfusion; immunosuppression; 
bone marrow transplantation
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If transfusion therapy is prescribed, the nurse plays 
an important role in identifying the correct patient 
and ensuring ABO compatibility to prevent adverse 
and potentially fatal outcomes. Transfusion of 
critically ill patients with leuko-reduced blood (ie, 
blood from which the white blood cells [WBCs] 
have been removed by fi ltration) lowers the risk of 
some of complications associated with blood trans-
fusion (eg, febrile reactions, immune reactions).

• Erythropoietin-stimulating proteins. Adminis-
tration of erythropoietin-stimulating proteins to 
increase hemoglobin levels may reduce the need 
for transfusion in many patients; however, RBC 
replacement is much more gradual with the use of 
these agents. Complications of recombinant human 
erythropoietin (rHuEPO) therapy (eg, hypertension, 
seizures, arteriovenous shunt thromboses, increased 
blood viscosity) are infrequent and are seen mostly 
in patients on renal dialysis. Contraindications for 
rHuEPO therapy include uncontrolled hyperten-
sion and hypersensitivity to albumin.

Sickle Cell Disease
Sickle cell disease is a chronic hereditary hemolytic 
anemia that occurs almost exclusively in people of 
African descent. The sickle cell gene causes hemo-
globin abnormalities. When oxygen and pH levels 
decrease, RBCs containing the abnormal hemo-
globin become elongated, sickle shaped, and rigid. 
These abnormal cells are unable to pass through 
small blood vessels, causing infl ammation, obstruc-
tion of the vessels, and decreased delivery of oxy-
gen that perpetuates the cycle with more sickling 
and results in microinfarcts of the heart, skeleton, 
spleen, and central nervous system (CNS). The cells 
are destroyed when the body recognizes their abnor-
mal structure. Patients with sickle cell disease are 
prone to experiencing sudden, painful vasoocclusive 
crises, characterized by severe deep pain in the long 
bones, joints, and abdomen that may be accompa-
nied by fever, malaise, and leukocytosis.

Complications of sickle cell disease that may 
necessitate admission to the critical care unit include

• Splenic failure (resulting from repeated splenic 
infarcts)

• Overwhelming infection (eg, sepsis)
• Stroke
• Cardiac chamber enlargement and heart failure
• Pulmonary hypertension
• Renal failure
• Acute chest syndrome (caused by pulmonary 

infarction from fat embolism)
• Acute respiratory distress syndrome (ARDS)

Treatment includes aggressive IV fl uid hydration 
to decrease blood viscosity and maintain renal per-
fusion. Oxygen administration may be needed to 
maintain adequate tissue perfusion and prevent 
further sickling of the RBCs. Around-the-clock dos-
ing with a strong opioid is necessary to relieve the 

because severe anaphylactic reactions may occur 
with iron therapy. Vitamin C is often given to aid 
in the absorption of iron. Folic acid and vitamin 
B12, if needed, should be considered.

• Blood transfusion. Transfusion of packed RBCs is 
reserved for management of active bleeding or for 
the patient who is experiencing serious symptoms 
from anemia. Blood transfusion is associated with 
myriad complications (Box 29-5), and the risks ver-
sus the benefi ts of blood transfusion in critically ill 
patients continues to be an area of study. Although 
a widely accepted practice is to consider transfu-
sion when a patient’s hemoglobin levels drop to 6 
to 8 g/dL, a better practice is to transfuse when the 
risks of decreased oxygen-carrying capacity out-
weigh the risks of transfusion. For example, some 
patients (eg, cardiac patients, patients with sep-
sis, patients with higher APACHE II scores) may 
require transfusions at a higher hemoglobin level. 

B O X  2 9 - 4   Nursing Interventions for the 
Patient With Anemia

• Implement interventions to increase oxygen deliv-
ery (eg, oxygen therapy) and decrease metabolic 
needs and oxygen demand (eg, promoting a restful 
environment).

• Ensure adequate pain control and provide comfort 
measures to minimize agitation.

• Implement strategies to reduce phlebotomy blood 
loss, including

 ° Eliminating standing orders for laboratory tests

 ° Organizing blood draws to eliminate duplicate 
testing

 ° Consolidating multiple collections

 ° Using smaller collection tubes

 ° Using devices that return waste blood to the patient

 ° Using continuous noninvasive monitoring tech-
niques for arterial blood gas (ABG) monitoring

B O X  2 9 - 5   Complications of Blood Transfusion

• Volume overload
• Transfusion-related acute lung injury (TRALI)
• Febrile reactions
• Hemolytic reactions (resulting from transfusion of 

ABO-incompatible blood)
• Bloodborne infection (from contaminated donor 

blood)
• Increased risk for healthcare-associated infections 

(HAIs), increasing risk for sepsis and multisystem 
organ dysfunction syndrome (MODS)

• Immunologic dysfunction (triggered by an immune 
system response to donor leukocytes), which may 
lead to exacerbation of infections, earlier recurrence 
of malignancy, and postsurgical complications (eg, 
impaired wound healing, increased likelihood of 
mortality)
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intense pain that accompanies vasoocclusive crisis. 
Infection is treated early with broad-spectrum anti-
biotics until the causative agent can be identifi ed. 
Anemia is usually well tolerated and RBC transfu-
sion is not frequently required.

Neutropenia
The most common type of WBC defi ciency is neutro-
penia (ie, a neutrophil count of less than 1500 cells/
mm3). Severe neutropenia, in which the neutrophil 
count is less than 200 cells/mm3, is called agranulo-
cytosis. Neutropenia has a variety of causes (Table 
29-5). Because neutrophils are essential to the 
defense against bacterial infections, patients with 
neutropenia are susceptible to overwhelming infec-
tion and life-threatening sepsis. Infections frequently 
originate in the respiratory tract as a result of bacte-
ria or fungi that colonize the airways. The risk for 
infection is related to the severity of the neutropenia.

RED FLAG! In patients with neutropenia, untreated 
infections can be rapidly fatal, particularly if the 
neutrophil count is less than 250/mm3. 

Assessment
Patients with neutropenia may present with fever, 
shaking, chills, and systemic infection. However, in 
patients with severe neutropenia, the usual signs 
of the infl ammatory response to infection may be 
absent. Skin infections and mouth ulcers are com-
mon because neutrophils normally provide the fi rst 
line of defense against organisms that inhabit the 
skin and gastrointestinal tract. Physical examination 
may reveal splenomegaly. Laboratory studies include 
viral serology for hepatitis and HIV, and antinuclear 
antibody (ANA) to screen for autoimmune disorders. 
Bone marrow aspiration and biopsy may be needed if 
the neutropenia is severe or the cause is not apparent.

In neutropenic patients, it is important to assess 
the degree of immunosuppression. One way to do 
this is by calculating the absolute neutrophil count 
(ANC). The ANC is calculated by adding the seg-
mented neutrophils and band neutrophils (from the 

WBC differential) and then multiplying the result by 
the total WBC count. For example:

Segs  = 42%, Bands = 10%, Total WBC count 
= 4100 cells/mm3

42 + 10 = 52%
0.52 × 4100 = 2132 cells/mm3 (ANC)

Usually neutropenic precautions are instituted for 
patients with an ANC of less than 1000 cells/mm3.

Management
Neutropenia is treated by identifying and man-
aging the underlying cause. If the neutropenia is 
severe, a hematopoietic growth factor that stimu-
lates bone marrow production of new neutrophils 
and enhances the activity of already circulating 
neutrophils may be administered. Patients with 
severe neutropenia or those with recurrent or seri-
ous infections may also benefi t from steroids or 
IVIG treatment. Transfusions are used cautiously in 
patients who may require bone marrow transplanta-
tion. Infections are treated aggressively to prevent 
progression to septic shock and death.

Meticulous attention to sterile technique, pre-
vention of infections, infection control procedures, 
and vigilant surveillance of invasive lines and equip-
ment are mainstays of care. Attention must be paid 
during daily oral care to ensure that superinfection 
with Candida or herpesvirus has not developed. 
Antibacterial mouthwashes decrease the risk for 
infection. Assessment for early indications of infec-
tion (eg, fever, chills, tachycardia, tachypnea) may 
allow for prompt and aggressive initiation of antibiot-
ics to reduce morbidity and mortality. Diarrhea may 
be a side effect of neutropenia. Clostridium diffi cile 
infection must be considered and treated if present.

Lymphoproliferative Disorders
Lymphoproliferative disorders (disorders in which 
lymphoid tissue increases by reproducing) may orig-
inate in the bone marrow or in the lymph nodes and 
thymus. Because blood cells circulate throughout the 
body, these neoplasms are systemically disseminated 

TA B L E  2 9 - 5 Causes of Neutropenia

Cause Mechanism

Accelerated removal of white blood cells (WBCs) from the 
circulation (eg, due to infl ammation and infection)

Removal of neutrophils from the circulation exceeds 
production

Pharmacotherapy
• Cytotoxic drugs used in cancer therapy Depressed bone marrow function with decreased 

production of all blood cells
• Phenothiazines, propylthiouracil, and others Toxic effect on bone marrow precursors
• Aminopyrine, certain sulfonamides, phenylbutazone, and others Immune-mediated destruction

Neoplasms involving bone marrow (eg, leukemias and 
lymphomas)

Overgrowth of neoplastic cells, which crowd out 
granulopoietic precursors

Idiopathic (occurs in the absence of other disease or provoking 
infl uence)

Autoimmune reaction
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from the onset. Nursing care of the critically ill 
patient with a lymphoproliferative disorder includes 
vigilant assessment for and prevention of infection, 
and delivery of therapy specifi c to the patient’s dis-
ease- and treatment-associated complications.

Lymphomas
Lymphomas are lymphoproliferative disorders of 
the lymph nodes and thymus.

• Hodgkin’s lymphoma begins as a malignancy in 
a single lymph node and spreads to surrounding 
lymph nodes.

• Non-Hodgkin’s lymphoma is a diverse group of 
malignancies that originate in the lymphoid cells. 
Non-Hodgkin’s lymphoma can occur as a discreet 
mass (eg, involvement of a single lymph node) or 
as widespread disease that affects multiple organ 
systems, including the bone marrow.

Patients with advanced lymphoma are usually 
admitted to the critical care unit for management 
of complications that arise from the disease or its 
treatment. These complications include

• Severe dyspnea, superior vena cava syndrome (com-
pression of the superior vena cava by the tumor), or 
both, resulting from extensive thoracic disease

• Obstruction of the bowel or the ureters resulting 
from abdominal disease

• Pancytopenia resulting from bone marrow 
involvement

• Impaired immune function and frequent, severe 
infections resulting from extensive involvement of 
the lymphatic system

• Headaches, visual disturbances, motor dysfunc-
tion, and increased intracranial pressure (ICP) 
resulting from CNS involvement

Leukemias
Leukemias are lymphoproliferative disorders of the 
bone marrow. Leukemias are characterized by rapid 
proliferation of hematopoietic stem cells, resulting 
in the accumulation of abnormal (leukemic) cells in 
the bone marrow and decreased production of nor-
mal blood cells. Leukemias commonly are classifi ed 
according to their predominant cell type (lympho-
blastic or myelogenous) and whether the condition 
is acute or chronic:

• Acute lymphoblastic anemia. Immature lym-
phocytes proliferate, replacing the normal cells of 
the bone marrow and infi ltrating other tissues (eg, 
the liver, spleen, and lymph nodes).

• Acute myelogenous leukemia causes abnormal 
production of erythrocytes, neutrophils, mega-
karyocytes, and macrophages. The malignant cells 
proliferate but do not differentiate into mature, 
functional cells. The blood, bone marrow, or both 
contain more than 30% immature blast cells.

Patients with leukemia are most often admitted to 
the critical care unit because of complications of the 

leukemia or its treatment, including pancytopenia, 
DIC, leukostasis, and tumor lysis syndrome.

• Leukostasis is a condition in which the high num-
ber of blasts increases blood viscosity, leading to 
aggregation (clumping) of blasts in the capillaries. 
Manifestations include headache, confusion, CNS 
infarcts, acute respiratory insuffi ciency, and pul-
monary infi ltrates. Leukostasis requires immediate 
treatment with leukapheresis (removal of WBCs 
from the circulation) and hydroxyurea to lower the 
blast count rapidly. Chemotherapy is initiated to 
stop leukemic cell production in the bone marrow.

• Tumor lysis syndrome is a metabolic imbalance 
caused by rapid cancer cell death. Most patients 
experience this complication 1 to 5 days after ini-
tiation of chemotherapy or radiation therapy. Rapid 
cancer cell death causes the release of intracellular 
contents (potassium, phosphorus, and nucleic acids) 
into the circulating serum. Normally, the kidneys 
fi lter these metabolic waste products and excrete 
them, but if production is more rapid than excretion 
or if there is renal insuffi ciency, electrolytes and uric 
acid accumulate in the serum, resulting in hyper-
kalemia, hyperphosphatemia, and hyperuricemia. 
Hyperphosphatemia causes the kidneys to excrete 
calcium, resulting in hypocalcemia. Hyperuricemia 
causes deposition of uric acid crystals in the uri-
nary tract and may lead to renal failure.5,6 Treatment 
entails lowering serum potassium, phosphorus, and 
uric acid levels; correcting acidosis; and providing 
aggressive IV hydration to promote diuresis and pre-
vent renal failure. If renal failure develops, continu-
ous renal replacement therapy (CRRT) is needed.

HIV Infection
Impaired cellular immunity is the underlying patho-
physiological condition of HIV infection. Patients 
with HIV infection exhibit impaired activation of 
both cellular and humoral immunity, but HIV pri-
marily infects the CD4+ T cells of the immune sys-
tem, which play a major role in the overall immune 
response (Fig. 29-2). Approximately 30% of the 

HIV

Increased susceptibility to
opportunistic infections, neoplasms

CD4+T4 cell

CD4+T cell
Lymphopenia

↓ function

CD8+T cell
Impaired

cytotoxicity

Macrophage
↓ Phagocytosis
↓ Chemotaxis

B cell
↑ Serum antibodies

↓ Antibody response

F I G U R E  2 9 - 2  Infection of the CD4+ T cell with HIV results in pro-
found lymphopenia and decreased functional abilities and loss of 
stimulus for T- and B-cell activation. In addition, the cytotoxic activity 
of the CD8+ T cell is impaired, and the functional abilities of the 
macrophages are affected.
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AIDS-related illnesses and
opportunistic infections

Symptoms of HIV infection

Memory loss, disorientation,
inability to think clearly

Persistent headaches

High fever

White patches on tongue

Swollen lymph nodes in neck,
armpits and groin

Heavy night sweats

Loss of appetite

Severe weight loss

Chronic diarrhea

Fatigue and muscle
weakness

Cryptococcal meningitis:
inflammation in and around

brain and central nervous
system

Toxoplasmosis encephalitis:
most common of central

nervous system

Cytomegalovirus (CMV) retinitis:
leads to blindness

Herpes simplex virus (HSV):
sores around the mouth and

genitals

Oral candidiasis (thrush): white
fungal growth on tongue and

mouth

Candida esophagitis: painful
ulcerations

Pneumocystis carinii
pneumonia (PCP):

fever, cough and
shortness
of breath

Pulmonary
tuberculosis:

cough, sputum,
difficult breathing

Cryptosporidiosis:
severe diarrhea,

weight loss

Kaposi’s sarcoma: purplish-
brown skin lesions

Malignant lymphoma

F I G U R E  2 9 - 3  Manifestations of HIV infection and AIDS. (From Anatomical Chart Company: Atlas of 
Pathophysiology, 3rd ed. Springhouse, PA: Springhouse, 2010, p 267.)

viral burden in a person who is HIV positive is 
regenerated daily.

HIV infection exists on a continuum, from 
asymptomatic infection with HIV, to a variety of 
infections and symptoms of decreasing immuno-
competence (Fig. 29-3), to unquestionable AIDS. 
Clinical categories and CD4+ T cell counts are used 
to determine where on the disease continuum a 
patient fi ts. When a patient has one of the category 
C clinical indicator conditions (Box 29-6) or a CD4+ 
T cell count of less than 200 cells/mm3 the diagnosis 
of AIDS is made.

Although people with HIV infection may be 
admitted to the critical care unit for a com-
pletely unrelated problem (eg, trauma), usually 
they are admitted because of complications of an 

opportunistic infection. Single infections may 
develop in critically ill patients with AIDS, but 
patients often have multiple infections simultane-
ously. Pneumocystis pneumonia (PCP) is the most 
common opportunistic infection in patients with 
HIV infection requiring admission to the critical 
care unit; usually, these patients are experiencing 
impending or actual respiratory failure. Symptoms 
of respiratory compromise often are more severe 
than diagnostic studies (eg, chest radiographs, 
blood gas values) indicate. Therefore, early aggres-
sive therapy for PCP using IV trimethoprim and sul-
famethoxazole and corticosteroids is the treatment 
of choice. Even with urgent, aggressive treatment, 
many patients require mechanical ventilation for 
progressive hypoventilation.
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Opportunistic infections are the leading cause of 
death in patients with HIV infection; therefore, a 
primary management goal in critically ill patients 
with HIV infection is the prevention or resolu-
tion of opportunistic and healthcare-associated 
infections (HAIs). Adherence to infection control 
practices to prevent bacterial contamination and 
complications is essential when caring for criti-
cally ill patients with HIV infection. Potent com-
bination therapy with antiretroviral agents, known 
as highly active antiretroviral therapy (HAART), 
also has a signifi cant impact on the outcomes of 
patients with opportunistic infections. The use 

of HAART commonly results in an increase in 
CD4+ T cell count and may return it to the normal 
range; this is known as immune reconstruction.6 
Administration of HAART also can rapidly reduce 
viral load, thereby decreasing the incidence of com-
plications. Drug groups used in HAART therapy 
include the nucleoside reverse transcriptase inhibi-
tors (NRTIs), nonnucleoside reverse transcriptase 
inhibitors (NNRTIs), and protease inhibitors (PIs). 
Side effects of these medications that the critical 
care nurse needs to be aware of when caring for a 
patient receiving HAART therapy are summarized 
in Box 29-7.

B O X  2 9 - 6   Examples of Category “C” Indicator Conditions for the Diagnosis of AIDS

Infections
• Candidiasis (bronchial, tracheal, pulmonary, 

esophageal)
• Disseminated coccidioidomycosis
• Cryptococcosis
• Chronic intestinal cryptosporidiosis
• Disseminated cytomegalovirus
• HIV-related encephalopathy
• Disseminated herpes simplex
• Disseminated histoplasmosis
• Disseminated Mycobacterium avium complex or 

Mycobacterium kansasii

• Miliary or extrapulmonary Mycobacterium 
tuberculosis

• Pneumocystis jiroveci pneumonia
• Recurrent Salmonella septicemia
• Toxoplasmosis of the brain

Neoplasms
• Invasive cervical cancer
• Kaposi’s sarcoma
• Lymphoma (Burkitt’s, immunoblastic, or brain)

B O X  2 9 - 7   Side Effects of Agents Used in Highly Active Antiretroviral Therapy (HAART)

Nucleoside Reverse Transcriptase Inhibitors 
(NRTIs)
• Hypersensitivity reactions (may be fatal); symptoms 

may include fever, rash, nausea and vomiting, malaise, 
loss of appetite, sore throat, cough, and shortness of 
breath

• Pancreatitis
• Peripheral neuropathy
• Lactic acidosis
• Hepatic steatosis (potentially life threatening; symp-

toms include headache and hyperlipidemia)

Non-Nucleoside Reverse Transcriptase 
Inhibitors (NNRTIs)
• Rash; including the severe skin disorder Stevens-

Johnson syndrome

• Headaches
• Increased transaminase levels
• Hepatitis

Protease Inhibitors (PIs)
• Gastrointestinal disturbances (diarrhea, nausea, 

vomiting)
• Hyperlipidemia
• Fat maldistribution
• Hyperglycemia
• Increased transaminase levels
• Headache
• Possible increased risk for bleeding in patients with 

hemophilia
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285,000/mm3, but this morning it was 140,000/mm3. 
About that time, the CT department calls to report 
that Mr. C. has a pulmonary embolism. The nurse 
reports both of these fi ndings to the cardiologist. 
A stat complete blood count (CBC) is ordered and 
the results are as follows: hemoglobin, 11.2 g/dL; 
hematocrit, 32.8%; and platelets, 63,000/mm3.

In reviewing Mr. C.’s past medical record, the 
nurse notes that Mr. C. was administered heparin 
during his previous hospitalization for acute myo-
cardial infarction. The nurse raises the possibility 
with the doctor that Mr. C. is experiencing heparin-
induced thrombocytopenia (HIT). The heparin 
is immediately stopped, and Mr. C. is started on 
argatroban, a direct thrombin inhibitor, instead. 
Even though Mr. C. has no lower extremity edema 
or discomfort, a lower extremity venous ultrasound 
is performed to rule out deep venous thrombosis 
(DVT).

After 2 days of therapy, Mr. C.’s oxygen satura-
tion is 99% on 2 L of oxygen. His platelet count is 
substantially higher, although it is still less than 
150,000/mm3. He is transferred out of the criti-
cal care unit and remains on the direct thrombin 
inhibitor. The next morning, his platelet count has 
increased to 159,000/mm3. Mr. C. is started on 
warfarin, 5 mg each evening. On day 5 of war-
farin therapy, Mr. C.’s international normalized 
ratio (INR) is 2.2. On day 6 of warfarin therapy, 
his INR is 2.5, and his platelet count is 324,000/
mm3. The direct thrombin inhibitor is stopped. Mr. 
C. no longer requires supplemental oxygen and 
he is ambulatory on the unit without shortness of 
breath.

Mr. C. is discharged home on his prior medica-
tions of aspirin, statin, and the increased dose 
of the β-adrenergic blocker. He is given a prescrip-
tion for warfarin, 5 mg daily, and an appointment 
to have his INR checked in 3 days. In addition to 
teaching Mr. C. and his wife about warfarin therapy 
and anticoagulation, the nurse instructs them to 
inform healthcare providers that he is not to be 
given heparin because of this episode of HIT. The 
nurse suggests that Mr. C. obtain a medical alert 
bracelet with this information.

1. Mr. C.’s critical care nurse discovered that he 
received heparin during his previous admission 
for an acute myocardial infarction. What is the 
importance of this history?

2. Mr. C. is treated for HIT before the diagnosis is 
confi rmed by laboratory testing. Why?

3. Despite his thrombocytopenia, Mr. C. is started 
on anticoagulation. What is the rationale?

C A S E  S T U D Y

Mr. C. is a 64-year-old African American male 
with a known history of coronary artery disease 
(CAD) and an inferior wall myocardial infarction 
last month. He presents to the emergency 
department complaining of chest pain unrelieved 
by sublingual nitroglycerin. His home medica-
tions include aspirin, a statin, and a β-adrenergic 
blocker. An initial 12-lead ECG and cardiac 
enzymes are  normal. After initiation of oxygen 
and an IV nitroglycerin drip, his pain is relieved. 
However, because of his recent myocardial infarc-
tion, he is admitted to the telemetry unit with 
orders for serial cardiac enzymes and an 12-lead 
ECG in the morning. Medication orders include 
continuing the aspirin and statin, increasing the 
dose of β-adrenergic blockers, and adding heparin 
(1 mg/kg subcutaneously every 12 hours).

The next afternoon, Mr. C. has had no further 
chest pain, his cardiac enzymes have remained 
 normal, and his 12-lead ECG is unchanged. All 
the results from his morning laboratory work are 
within normal limits, with the exception of a mildly 
low platelet count of 140,000/mm3. The cardiologist 
believes that Mr. C. can be discharged home on 
the increased β-blocker dose with a follow-up in the 
offi ce next week.

Mr. C. is dressing to go home when he calls 
the nurse to his room because he is experiencing 
chest pain and shortness of breath. The nurse calls 
for a “stat” 12-lead ECG and places him on 2 L of 
oxygen via nasal cannula. His vital signs are as fol-
lows: HR, 110 beats/min; RR, 32 breaths/min; and 
BP, 90/64 mm Hg. Chest auscultation reveals clear 
lungs and a tachycardic but regular heart rhythm. 
The stat 12-lead ECG remains unchanged from 
the 12-lead ECG he had earlier in the morning. The 
nurse calls the cardiologist, who requests that Mr. 
C. be transferred to the critical care unit.

In the critical care unit, Mr. C. becomes more 
tachypneic, his oxygen saturation is 85% on 2 L of 
oxygen, and his BP is now 80/40 mm Hg. His lungs 
remain clear. He is placed on 100% oxygen admin-
istered via a nonrebreather mask. His  cardiologist 
arrives on the unit and orders a 500-mL IV fl uid 
bolus of normal saline. Following a second fl uid 
bolus and with the oxygen therapy, Mr. C.’s BP 
increases to 96/60 mm Hg, and his oxygen satura-
tion is 95%. He remains dyspneic. He is sent for a 
stat CT scan of the chest.

While Mr. C.’s CT scan is being done, the nurse 
has a chance to review his chart. The nurse notices 
that Mr. C.’s platelet count on admission was 
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C H A P T E R

30
Patient Assessment:
Integumentary  System

Integumentary System

TEN

Based on the content in this chapter, the reader should be able to:

1 Describe the components of the history for integumentary assessment.
2 Explain the use of inspection and palpation for general integumentary 

assessment.
3 Describe wound assessment techniques.
4 Describe the assessment of pressure ulcers.

O B J E C T I V E S

The skin of a critically ill person is exposed 
to insults ranging from pressure ulceration to 
hypersensitivity drug reactions and opportunistic 
infections.

History
Elements of the integumentary health history are 
summarized in Box 30-1.

Physical Examination
Physical examination includes assessment of the 
general condition of the integument and assessment 
of wounds or pressure ulcers if present.

General Assessment
Inspection and palpation are the primary assess-
ment techniques used to evaluate the integument.

Inspection
Inspection of the general appearance of the skin 
includes the following:

• Assessment of color
• Determination of the presence of lesions or 

rashes
• Assessment of the condition of the hair and nails

Skin Color
Skin color is expected to be uniform over the body, 
except in areas with greater degrees of vascularity. 
In people with light skin, the genitalia, upper chest, 
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Lesions
Skin lesions are variously described by their color, 
shape, cause, or general appearance. See Table 30-2 
on pages 425–426 and Table 30-3 on page 427. 
They are considered abnormal conditions and 
arise from many factors. It is important to note 

and cheeks may appear pink or have a reddish tone. 
These same areas may appear darker in people with 
dark skin.

Skin color abnormalities (eg, pallor, cyanosis, 
jaundice, erythema) manifest differently depending 
on the person’s normal skin tone (Table 30-1).

B O X  3 0 - 1 Integumentary Health History

History of the Present Illness

Complete analysis of the following signs and symptoms 
(using the NOPQRST format; see Chapter 12, Box 12-2):

• Changes in skin color, pigmentation, temperature, or 
texture

• Changes in a mole
• Excess dryness or moisture
• Skin itching
• Excess bruising
• Delay in healing
• Skin rash or lesions
• Hair loss or increased growth
• Changes in hair texture
• Changes in nails

Past Health History

• Relevant childhood illnesses and immunizations: 
impetigo, scabies or lice exposure, measles, chicken-
pox, scarlet fever

• Past acute and chronic medical problems, includ-
ing treatments and hospitalizations: diabetes, 
peripheral vascular disease, stroke, Lyme disease, 
Parkinson’s disease, immobility, malnutrition, trauma, 
skin cancers, radiation treatments, HIV/AIDS, autoim-
mune disease

• Risk factors: age, sun exposure, tanning bed use
• Past surgeries: skin biopsy
• Past diagnostic tests and interventions: allergy 

testing
• Medications, including prescription drugs, 

over-the-counter drugs, vitamins, herbs, and 
supplements: aspirin, antibiotics, barbiturates, 

sulfonamides, thiazide diuretics, oral hypoglycemic 
agents, tetracycline, antimalarials, antineoplastic 
agents, hormones, metals, topical steroids

• Allergies and reactions to medications, foods, con-
trast, latex or other materials

• Transfusions, including type and date

Family History

• Health status or cause of death of parents and 
siblings: skin cancer, autoimmune diseases

Personal and Social History

• Tobacco, alcohol, and substance use
• Environment: exposure to insects and pests, exposure 

to plants, exposure to dyes or toxic chemicals, expo-
sure to environmental temperature extremes

• Occupation/leisure activities: farmers, roofers, creo-
sote or coal workers, furniture repair and refi nishing, 
gardening

• Diet: change in diet, recent weight loss or gain, loss of 
appetite

• Sleep patterns: sleeplessness, anxiety
• Ability for self-care and hygiene
• Recent travel

Review of Systems

• Cardiovascular: swelling of extremities, cold extremi-
ties, varicose veins

• Musculoskeletal: immobility, weakness
• Neurological: loss or decrease in sensation, numb-

ness, pain or neuropathy
• Endocrine: altered glucose levels

TA B L E  3 0 - 1 Skin Color Abnormalities

Skin Color 
Abnormality Underlying Cause

Manifestation in Light-
Skinned People

Manifestation in Dark-
Skinned People

Pallor Decreased blood fl ow Excessively pale skin Yellowish-brown or ashen color 
to the skin

Cyanosis Increased deoxyhemoglobin in the 
cutaneous circulation (hypoxia)

Grayish-blue color of the palms 
and soles of the feet, the nail 
beds, the lips, the earlobes, 
and the mucous membranes

Ashen-gray color of the 
conjunctiva, oral mucous 
membranes, and nail beds

Jaundice Increased red blood cell (RBC) 
hemolysis, liver disease

Yellow color of the sclera, lips, 
and hard palate

Yellow-green color of the sclera 
and palms and soles of the 
feet

Erythema Infl ammation, cellulitis Reddish tone Deeper brown or purple tone
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TA B L E  3 0 - 2 Primary Skin Lesions

Type Description Examples Illustration

Macule Less than 1 cm in diameter, fl at, 
nonpalpable, circumscribed, 
discolored

Brown: freckle, junctional nevus, lentigo, 
melasma

Blue: Mongolian spot, ochronosis
Red: Drug eruption, viral exanthema, 

secondary syphilis
Hypopigmented: vitiligo, idiopathic guttate 

hypomelanosis

Macule

Patch Less than 1 cm in diameter, fl at, 
nonpalpable, irregular shape, 
discolored

Brown: larger freckle, junctional nevus, 
lentigo, melasma

Blue: Mongolian spot, ochronosis
Red: Drug eruption viral exanthema, 

secondary syphilis
Hypopigmented: vitiligo, idiopathic guttate 

hypomelanosis

Patch

Papule Less than 1 cm in diameter, 
raised, palpable, fi rm

Flesh, white or yellow: fl at wart, milium, 
sebaceous hyperplasia, skin tag

Blue or violaceous: venous lake, lichen 
planus, melanoma

Brown: seborrheic keratosis, melanoma, 
dermatofi broma, nevi

Red: acne, cherry angioma, early folliculitis, 
psoriasis, urticaria, and eczema

Papule

Nodule Greater than 1 cm, raised, solid Wart, xanthoma, prurigo nodularis, 
neurofi bromatosis

Nodule

Plaque Greater than 1 cm, raised, 
superfi cial, fl at topped, rough

Psoriasis, discoid lupus, tinea corporis, 
eczema, seborrheic dermatitis

Plaque

Tumor Large nodule Metastatic carcinoma, sporotrichosis

Tumor

(continued on page 426)
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TA B L E  3 0 - 2 Primary Skin Lesions (continued)

Type Description Examples Illustration

Vesicle Less than 1 cm, superfi cially 
raised, fi lled with serous fl uid

Herpes simplex, herpes zoster, erythema 
multiforme, impetigo

Vesicle

Bulla Greater than 1 cm vesicle Pemphigus, herpes gestationis, fi xed drug 
eruption

Bulla

Pustule Raised, superfi cial, fi lled with 
cloudy, purulent fl uid

Acne, candidiasis, rosacea, impetigo, 
folliculitis

Pustule

Wheal Raised, irregular area of edema, 
solid, transient, variable size

Hives, cholinergic urticaria, angioedema, 
dermatographism

Wheal

Cyst Raised, circumscribed, 
encapsulated with a wall and 
lumen, fi lled with liquid or 
semisolid

Digital mucus, epidermal inclusion, pilar

Cyst

From Rhoads J: Advanced Health Assessment and Diagnostic Reasoning. Philadelphia, PA: Lippincott 
Williams & Wilkins, 2006, pp 81–83.
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TA B L E  3 0 - 3 Secondary Skin Lesions

Type Description

Crust Dried exudates over a damaged epithelium; may be associated with vesicles, bullae, or pustules. Large 
adherent crust is a scab.

Erosion Loss of superfi cial epidermis; does not extend to the dermis; may be associated with vesicles, bullae, or 
pustules.

Fissure Crack in the epidermis usually extending into the dermis.
Keloid Hypertrophied scar tissue; secondary to collagen formation during healing; elevated irregular and red; 

more common in African Americans.
Lichenifi cation Thickening and roughening of the skin; accentuated skin markings; may be secondary to repeated 

rubbing irritation and scratching.
Scale Skin debris on the surface of the epidermis secondary to desquamated, dead epithelium. Color and 

texture vary.
Scar Skin mark left after healing of wound or lesion that represents replacement by connective tissue of the 

injured tissue. Young scars are red or purple. Mature scars are white or glistening.
Ulceration Loss of epidermis, extending into dermis or deeper. Bleeding and scarring are possible.

the following when assessing any abnormal skin 
lesions:

• Anatomical location
• Distribution
• Color
• Size
• Pattern
• The appearance of the lesion’s borders or edges
• Whether the lesion is fl at, raised, or sunken

Vascular lesions can be either a normal variation (eg, 
a nevus fl ammeus or port-wine stain, considered a 
birthmark) or an abnormal fi nding. Abnormal vas-
cular lesions include the following.

• Petechiae are small (1- to 3-mm) purple or red 
lesions that result from tiny hemorrhages in the 
dermal or submucosal layers. They are easily seen 
on light-skinned people and more diffi cult to see on 
those with dark skin (Fig. 30-1A). They may be seen 
on the oral mucosa and in the conjunctiva. They do 
not disappear when pressure is applied to them.1

• Purpura are very similar to petechiae, only larger. 
Purpura may appear brownish red.

• Ecchymoses are bruises. They may appear as pur-
ple to yellowish green rounded or irregular lesions 
and are more easily seen in people with light skin 
(see Fig. 30-1B).

• Spider angiomas are fi ery red lesions that are 
most often located on the face, neck, arms, or 
upper trunk (see Fig. 30-1C). Spider angiomas 
are seldom seen below the waist. They resemble 
a spider, with a central body that is sometimes 
raised and surrounded by erythema, and radiat-
ing “legs.”2 These lesions are most often associated 
with liver disease and vitamin B defi ciency.

• Urticaria is a reddened or white, raised, nonpit-
ting plaque that often occurs as a result of an aller-
gic reaction, often to a food or drug. The lesion 
often changes shape and size during the course of 
the reaction. Urticaria usually resolves completely 
over days to several weeks as the excess local fl uid 
is reabsorbed.

Rashes
Rashes are often caused by infection or drug ther-
apy. In the critical care setting, antibiotics and corti-
costeroids place patients at risk for fungal and yeast 
infections, which are most often the result of an 
opportunistic infection by normal fl ora. Candidiasis 
presents in the groin and under the breasts of female 
patients with “erythema, a whitish pseudomem-
brane, and peripheral papules and pustules.”3 Oral 
candidiasis (thrush) manifests as a whitish coating 
of the oral mucosa, especially the tongue. This pain-
ful condition may produce fi ssures on the tongue 
and often restricts a patient’s oral intake.

RED FLAG! A rash that develops along with a 
change in pharmacotherapy may be a sign of an 
allergic hypersensitivity reaction.

Condition of the Hair and Nails
The nurse assesses the patient’s scalp, hair, and body 
hair for the presence of infection or infestation, 

A. Petechiae/purpura

B. Ecchymosis C. Spider angioma

F I G U R E  3 0 - 1  Abnormal vascular lesions. (A, from Kelley WN: 
Textbook of Internal Medicine. Philadelphia, PA: JB Lippincott, 
1989. B, from Bickley LS: Bates’ Guide to Physical Examination 
and History Taking, 9th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2003, p 141. C, from Marks R: Skin Disease in Old Age. 
Philadelphia, PA: JB Lippincott, 1987.)
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Normal nail

Early clubbing

Late clubbing

Angle greater
than 180°

Flattened
angle180°

160°

F I G U R E  3 0 - 2  Clubbing.

F I G U R E  3 0 - 3  Terry’s nails. (From Bickley LS: Bates’ Guide to 
Physical Examination and History Taking, 10th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins, 2009, p 193.)

• Mobility and turgor may yield information about 
the patient’s fl uid volume balance. Skin mobil-
ity may be decreased in a patient with increased 
edema, and skin turgor is decreased in a patient 
with dehydration.2

• Edema, classifi ed as either nonpitting or pitting, 
may result from several underlying conditions. 
Nonpitting edema, which does not depress when 
palpated, is often seen in the presence of local 
infl ammation. Pitting edema retains the depres-
sion made when it is palpated and usually occurs 
in dependent body parts. Pitting edema can be fur-
ther classifi ed by the depth of the depression and, 
occasionally, by the amount of time it takes the 
depression to rebound (Table 30-4).

Wound Assessment 
A wound is a break in skin integrity. Wounds may 
be acute (caused by surgery or trauma) or chronic 
(eg, as a result of diabetes, pressure, malnutrition, 
peripheral vascular disease, immune defi ciencies, or 
infection).4 An acute wound may become a chronic 
wound at any time.

Acute and chronic wounds may be defi ned as 
partial- or full-thickness wounds. Partial-thickness 

TA B L E  3 0 - 4 Pitting Edema Scale

Scale Description
Depth of 
Indentation Return to Baseline

4+ Severe 8 mm 2–5 min
3+ Moderate 6 mm 1–2 min
2+ Mild 4 mm 10–15 sec
1+ Trace 2 mm Disappears rapidly

From Rhoads J: Advanced Health Assessment and Diagnostic 
Reasoning. Philadelphia, PA: Lippincott Williams & Wilkins, 2006, 
p 253.

which may be evidenced by fl aking, sores, lice, 
louse eggs, or ringworm. Inspection of the nails 
and nail beds can reveal information about the 
patient’s general state of health. Nail beds that are 
bluish or purplish may indicate cyanosis; nail beds 
that are pale may indicate reduced arterial blood 
fl ow. Clubbing, which suggests chronic oxygen defi -
ciency, is present when the angle of the nail is 180 
degrees or greater (Fig. 30-2). Terry’s nails, which 
may be seen in chronic disease states such as cir-
rhosis, heart failure, and type 2 diabetes mellitus, 
are whitish with a distal band of dark reddish-
brown color, and the lunulae may not be visible 
(Fig. 30-3).2

Palpation
The nurse palpates the skin to assess for moisture, 
temperature, mobility and turgor, and edema.

• Moisture. The level of moisture may refl ect under-
lying conditions. Common terms for describing 
the moistness of the skin include dry (may be seen 
in hypothyroidism), diaphoretic (may be seen with 
fever or increased metabolism), and clammy (may 
be seen with low cardiac output).

• Temperature. The general skin temperature (ie, 
cool, warm, or hot) is assessed using the dorsal 
surface of the hand. The nurse assesses the tem-
perature bilaterally and compares for symmetry.
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wounds involve the epidermis and may involve the 
dermis. A partial-thickness wound is shallow and is 
usually moist and painful (because loss of the epi-
dermis exposes the nerve endings). Full-thickness 
wounds involve loss of the epidermis, dermis, and 
subcutaneous tissue, and they may involve mus-
cle, tendons, ligaments, and bone. A full-thickness 
wound involves a large amount of tissue loss and 
appears as a crater or crevice.

The nurse completely assesses and accurately 
documents all wound characteristics (Box 30-2). 
Photography may be used for wound documenta-
tion. Figures 30-4 through 30-6 illustrate techniques 
for wound measurement.

Pressure Ulcer Assessment
Pressure ulcers are wounds caused by pressure, 
shearing, and friction. The nurse assesses both the 
patient’s risk for developing pressure ulcers, and for 
the presence and stage of pressure ulcers.

Determining Risk for Pressure Ulcers
Identifying those people most at risk for pres-
sure ulcer development is a focus of assessment.5 
Characteristics of high-risk patients are summa-
rized in Box 30-3. The Braden Scale for Predicting 
Pressure Sore Risk, recommended in the U.S. 
Agency for Health Care Policy and Research guide-
lines and widely used in hospital settings, requires 
daily assessment of six parameters. The scale pro-
vides a numerical score ranging from a very high 
risk score of 6 to a very limited risk or minimal risk 
score of 23 (Fig. 30-7). Adults with a score below 
16 are considered at risk, and specifi c interventions 
are recommended to prevent the development of 
ulcers.

The Older Patient. Older adults with a Braden 
Scale score of less than 18 are considered at risk for 
pressure ulcer development.

The development of pressure ulcers can be a 
preventable complication. A schedule for turning 
and positioning the patient (eg, every 2 hours) is 
an effective, easily implemented intervention for 
relief of pressure. Specialty beds that are designed 
to reduce pressure by infl ating, defl ating, alternating 
pressures, or laterally rotating are often used in the 
critical care setting. Although these beds do relieve 
some pressure, they do not eliminate all pressure; 

B O X  3 0 - 2   Wound Assessment

Location: Document the location, using anatomical 
positions.

Size: Document the size, in centimeters or millimeters. 
Terminology such as “the size of a half dollar” should 
be avoided, because it leads to inconsistent and inac-
curate documentation. Measure the length from the 
1200 to 1800 position. Measure the width from the 
0900 to 0300 position (see Fig. 30-4).

Depth: Use a sterile swab to determine the depth (see 
Fig. 30-5).

Undermining or tunneling: Document the presence 
or absence of undermining, which occurs when there 
is loss of tissue along the wound margins (the “lip of 
tissue”),7 or tunneling, a tunnel opening somewhere 
in the wound bed (see Fig. 30-6).

Tissue type: Describe the wound bed. The tissue in 
the wound bed should be beefy red (as opposed to 
pale). Note the presence or absence of granulation 
tissue (shiny red, grainy, or bumpy tissue). Assess 
for necrotic tissue, which presents as black or brown 

tissue. Slough, which is yellow and stringy in appear-
ance, may also be present in the wound bed. If the 
wound bed is not visible, document the presence and 
condition of the eschar (scab), sutures, staples, or 
other wound closure.

Drainage: Note the presence or absence of drainage. If 
drainage is present, describe its odor, color, amount, 
and consistency.

Wound margins: Describe the wound margins. Note 
whether the surrounding tissue is clean, dry, red-
dened, edematous, pale, intact, or blistered.

Drains and tubes: Note the type of drain or tubing, 
and its location (using anatomical or clock positions).

Condition of dressing: Describe the amount and type 
of drainage on the dressing, as well as the ease with 
which the dressing was removed.

Pain: Evaluate on a 0 to 10 scale (or other institution-
approved assessment scale). Provide pain relief as 
needed before, during, and after wound assessment 
or dressing change.

F I G U R E  3 0 - 4  Linear measurements of the wound are taken at 
the greatest length and width perpendicular to each other. (From 
Baranoski S, Ayello EA: Wound Care and Essentials Practice 
Principles, 2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins, 
2008, p 84.)
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B CA

F I G U R E  3 0 - 5  Procedure for measuring wound depth. A: Put on gloves. Gently insert the swab into the deep-
est portion of the wound that you can see. B: Grasp the swab with your thumb and forefi nger at the point 
corresponding to the wound margin. C: Carefully withdraw the swab while maintaining the position of your 
thumb and forefi nger. Measure from the tip of the swab to that position. (From Thomas Hess C: Clinical 
Guide: Wound Care, 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2005, p 21.)

0 1

1

2

3

4

5
6

7

8

9

10

11
12

A

B

F I G U R E  3 0 - 6  Determining the direction and depth tunneling. A: To 
assess the direction of tunneling, put on gloves and insert the swab 
into the sites where tunneling occurs. Progressing in a clockwise 
direction, document the deepest sites where the wound tunnels. 
(Twelve o’clock points in the direction of the patient’s head, so in this 
example, tunneling occurs at three o’clock.) B: To assess the depth 
of tunneling, insert the swab into the tunneling areas, and grasp the 
swab where it meets the wound margin. Remove the swab, place it 
next to a measuring guide, and document the measurement centi-
meters. (From Thomas Hess C: Clinical Guide: Wound Care, 5th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins, 2005, p 23.)

therefore, regular turning of the patient from side to 
side is still required.

Assessing for the Presence and Stage of 
Pressure Ulcers
When assessing the skin, the nurse must be vigilant 
for signs of skin breakdown. Pressure applied by the 
weight of the body reduces arterial and capillary 

blood fl ow, leading to ischemia and skin break-
down. Common pressure points where breakdown 
can occur include the occiput, scapula, sacrum, 
buttocks, ischium, and heels. Pressure ulceration 
of the toes can occur as a result of the pressure of 
the bed linens on the feet. Dressing devices, wound 
appliances, and tubes (eg, endotracheal tubes, 
tracheostomy tubes, nasogastric tubes) can place 
pressure on underlying skin, resulting in pres-
sure sores. In a patient with a tracheostomy tube, 
the back of the neck must be assessed because 
the endotracheal tube holder may be applied too 
tightly. In a patient with a nasogastric tube, the 
tape securing the tube must be removed regularly 
and the condition of the tip of the nose and nares 
assessed for changes resulting from pressure from 
the tube.

When a pressure ulcer is present, the nurse 
observes for and documents the stage (Fig. 30-8). 
When staging a pressure ulcer, the nurse keeps the 
following points in mind:

• Bruising in the surrounding tissue of a Stage II 
wound should increase suspicion for a deeper 
ulcer.

• Reverse staging is inappropriate (eg, “Stage IV 
wound is now Stage III”). Lost muscle or subcu-
taneous tissue cannot be replaced, and the tis-
sue that fi lls in the wound bed is not the same 
as the tissue that has been lost. Therefore, it is 
more appropriate to document “healing stage IV 
wound.”

• Pressure ulcers covered with debris or eschar 
(dry scab or slough resulting from a burn) are 
considered unstageable, because eschar prevents 
assessment of the wound bed. Documentation is 
“unstageable, wound covered by eschar.” If the 
wound is debrided, it may then be staged, but not 
all pressure ulcers should be debrided for that 
purpose.
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F I G U R E  3 0 - 7  The Braden scale is a widely used screening tool to identify people at risk for pressure ulcers. 
(Courtesy of Barbara Braden and Nancy Bergstrom. Copyright, 1988. Reprinted with permission.)

B O X  3 0 - 3   Patients at High Risk for Pressure Ulcers

• Patients with decreased level of consciousness or sensation

 ° Brain or spinal cord injury

 ° Peripheral neuropathy (eg, from diabetes)

 ° Stroke
• Patients with sedation or frequent analgesic dosing
• Patients with poor circulation

 ° Hypotension

 ° Heart failure

 ° Peripheral vascular insuffi ciency

• Elderly patients
• Patients who are malnourished or dehydrated
• Patients experiencing incontinence and diaphoresis
• Patients with impaired mobility

 ° Neuromuscular disease

 ° Spinal cord injuries
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Stage I. Skin is unbroken but appears red; no blanching
when pressed.

Stage I

Dermis

Subcutaneous
tissue
Muscle

Bone

Epidermis

Nonblanchable
reddened area

Stage II. Skin is broken, and there is superficial skin loss involving
the epidermis alone or also the dermis. The lesion is a shallow
ulcer with a reddish base, resembling a vesicle, erosion, or blister.
Nonpressure-related causes of erosion, ulceration, or blistering
(e.g., skin tears, tape burns, maceration) are excluded.

Stage II

Blister

Dermis

Subcutaneous
tissue
Muscle

Bone

Reddened area

Epidermis

Stage III

Epidermis

Dermis

Subcutaneous
tissue
Muscle

Bone

Stage III. Pressure area involves epidermis, dermis, and 
subcutaneous tissue. The ulcer resembles a crater. Hidden
areas of damage may extend through the subcutaneous 
tissue beyond the borders of the external lesions but not
through underlying fascia.

Stage IV. Pressure area involves epidermis, dermis, subcuta-
neous tissue, bone, and other support tissue. The ulcer resem-
bles a massive crater with hidden areas of damage in adjacent
tissue.

Stage IV

Epidermis

Dermis

Subcutaneous
tissue
Muscle

Bone

F I G U R E  3 0 - 8  Pressure ulcers staging. (From Weber J, Kelley J: Health Assessment in Nursing, 4th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins, 2010, p 194.)
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C A S E  S T U D Y

Mrs. H., a 62-year-old widow, has been in the 
critical care unit for the past 2 weeks after being 
diagnosed with respiratory failure and pneumonia. 
Her medical history includes obesity, type 2 dia-
betes mellitus, and chronic obstructive pulmonary 
disease (COPD). She has been intubated and is on 
mechanical ventilation. She has received continu-
ous enteral feedings through a nasogastric tube, 
numerous antibiotics, and dopamine for blood pres-
sure support during her fi rst 3 days in the critical 
care unit. She has a triple-lumen central venous 
access catheter.

Mrs. H. is scheduled for a tracheostomy tomor-
row, and she will also have a percutaneous gastric 
feeding tube inserted at that time. She has an 
indwelling urinary catheter, as well as an inconti-
nence fecal bag, which is draining liquid stool. Over 
the past 5 days, she has received a benzodiaz-
epine for sedation at least once per day. Physical 
therapy consultation was made on day 3, and two 
caregivers assist her with a pivot to a chair twice 
each day. Her family visits daily and helps her com-
municate with a pencil and paper tablet.

1. What factors place Mrs. H. at increased risk for 
developing pressure ulcers?

2. What are Mrs. H.’s risk factors related to compro-
mised integument that may lead to infection?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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31
Patient Management: 
Integumentary System

O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Explain the normal healing process.
2 Describe nursing care for a critically ill patient with a wound.
3 Describe the proper technique for obtaining a surface culture.

Wound Healing
Phases of Wound Healing
Optimal wound healing occurs in a moist environ-
ment. The wound-healing process comprises three 
phases (Fig. 31-1):

• The infl ammatory phase begins immediately after 
the wound occurs. It includes vasoconstriction (to 
control bleeding and hold the wound together), 
platelet aggregation and fi brin deposition at the 
site (to form a clot), and phagocytosis (to destroy 
bacteria and remove the wound’s cellular debris, 
providing a clean wound bed for healing). Clinical 
fi ndings during the infl ammatory phase include 
erythema, edema, and pain.

• The proliferation phase involves the development 
of collagen, new blood vessels, and connective tis-
sue to create granulation tissue. The wound edges 
contract, decreasing the overall size of the wound. 
The wound is beefy red and shiny, with a grainy 
or bumpy appearance. Epithelialization results in 
a scar.

• The maturation phase involves remodeling of the 
collagen fi bers to increase the tensile strength of 
the scar tissue. It has been estimated that only 70% 
to 80% of the skin’s original strength is attained 
when the wound is healed.

Methods of Wound Healing
Wounds can heal through primary, secondary, or ter-
tiary intention (Fig. 31-2):

• Primary intention is used with surgical wounds 
or lacerations. The edges of the wound are drawn 
together (approximated) by sutures, staples, or 
glue, shortening the time required for the wound 
to heal to about 4 to 14 days overall. Primary inten-
tion is associated with a decreased risk for infec-
tion and minimal scarring.

• Secondary intention occurs when the wound 
edges cannot be approximated to each other 
due to significant tissue loss. The potential for 
 infection and scarring is increased because of 
the inability to approximate the edges. Secon-
dary intention may occur in acute or chronic 
wounds.

• Tertiary intention (delayed primary inten-
tion). The wound is not closed for a period (eg, 
3 to 5 days) to allow infection, edema, or both, 
to resolve. The wound is packed or irrigated to 
remove exudate and cellular debris; then the 
wound edges are approximated, and the wound 
is closed as it is in primary intention. Scarring 
is usually greater than that seen with primary 
intention but less than that seen with secondary 
intention.
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damaging the wound bed or granulating tissue. 
Normal saline or an approved commercial cleanser 
is used to cleanse the wound. Open wounds are 
cleansed starting in the middle and moving outward 
in a circular motion to include the periwound area. 
Incisions are cleansed from top to bottom, again 
starting in the middle and moving outward.

RED FLAG! Povidone-iodine (Betadine), acetic 
acid, sodium hypochlorite (Dakin’s solution), and 
hydrogen peroxide destroy granulation tissue and 
prolong the healing process, and should not be used 
routinely to cleanse wounds.

Wound Closure
The goal of all wound care is ultimately the closure 
of the wound and restoration of skin integrity.

Vacuum-Assisted Wound Closure (Negative 
Pressure Therapy)
Vacuum-assisted wound closure (VAC) is a system 
that assists wound closure by providing localized 
negative pressure to the wound bed and wound 

Wound Care
Critically ill patients often have multiple risk fac-
tors for impaired wound healing (Table 31-1). Care 
of specifi c wounds common in critically ill patients 
is summarized in Table 31-2. General interventions 
taken by the healthcare team to promote wound 
healing include cleansing, closure, drain care, dress-
ing, and debridement.

RED FLAG! In all areas of wound care, the nurse 
needs to focus on pain assessment and control. 
The choice of pain medication and the delivery 
method used (eg, continuous drip, epidural, patient-
controlled analgesia pump, local anesthesia) 
depends on the patient’s status. 

Wound Cleansing
Cleansing of the wound and the periwound area 
aims to remove bacteria and cellular debris without 

Phase I
(4 to 6 days)

INJURY

INFLAMMATION

PROLIFERATION

Vasoconstriction

Platelet aggregation

Phagocytosis

Collagen fibers
remodeled

Growth factors stimulate
fibroblasts to produce

collagen

Granulation tissue forms

Epithelialization results
in scar

MATURATION

Phase II
(4 to 24 days)

Phase III
(21 days to 2 years)

F I G U R E  3 1 - 1  The stages of wound healing.

Clean incision Early suture Hairline scar

A.  PRIMARY INTENTION

Gaping irregular
wound

Granulation Epithelium grows
over scar

Wound Increased
granulation

Late suturing
with wide scar

C.  TERTIARY INTENTION

B.  SECONDARY INTENTION

F I G U R E  3 1 - 2  Types of wound healing. (From Smeltzer SC, Bare 
BG, Hinkle JL, et al.: Brunner & Suddarth’s Textbook of Medical—
Surgical Nursing, 12th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2010, p 474.)
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TA B L E  3 1 - 1 Factors Affecting Wound Healing

Factors Rationale Nursing Interventions

Advanced age With age, the skin becomes less 
resilient and the amount of 
subcutaneous tissue decreases.

Handle skin and tissues gently.
Avoid tape if possible.

Hemorrhage Accumulation of blood and dead 
cells creates a growth medium for 
organisms.

Monitor vital signs. Observe site for 
evidence of bleeding and infection.

Hypovolemia Insuffi cient blood volume leads to 
vasoconstriction and reduced 
oxygen and nutrients available for 
wound healing.

Monitor for volume defi cit (circulatory 
impairment). Correct by fl uid replacement 
as prescribed.

Edema Reduces blood supply by exerting 
increased interstitial pressure on 
vessels.

Elevate edematous area; apply cool 
compresses.

Inadequate dressing technique
Too small Permits bacterial invasion and 

contamination.
Follow guidelines for proper dressing 

technique.
Too tight Reduces blood supply carrying 

nutrients and oxygen.
Nutritional defi cits Patients who are on nothing by 

mouth (NPO) status for longer 
than 24–48 h are at risk for 
slowed healing owing to the 
lack of an adequate supply of 
protein, carbohydrates, and other 
nutrients.

Protein-calorie depletion may occur.
Insulin secretion may be inhibited, 

causing blood glucose to rise.

Monitor laboratory test results; document 
intake and output and daily weights; 
obtain a nutritional assessment by a 
dietitian; institute total parenteral or 
peripheral parenteral nutrition or enteral 
feedings and calorie counts.

Correct defi cits and administer vitamin 
supplements as prescribed.

Monitor blood glucose levels.

Foreign bodies Foreign bodies retard healing. Keep wounds free of dressing threads and 
powder from gloves.

Oxygen defi cit (eg, as a 
result of inadequate lung 
or cardiovascular function 
or vasoconstriction) 
leading to insuffi cient 
tissue oxygenation

Adequate oxygenation is necessary 
to promote healing.

Encourage deep breathing, turning, and 
controlled coughing.

Drainage accumulation Accumulated secretions hamper 
healing process.

Monitor closed drainage systems for proper 
functioning.

Institute measures to remove accumulated 
secretions.

Medications
Corticosteroids May mask presence of infection by 

impairing normal infl ammatory 
response.

Be aware of action and effect of medications 
the patient is receiving.

Anticoagulants May cause hemorrhage.
Broad-spectrum and specifi c 

antibiotics
Effective if administered 

immediately before surgery 
for specifi c pathology or 
bacterial contamination. If 
administered after wound is 
closed, it is ineffective because of 
intravascular coagulation.

Patient overactivity Prevents approximation of wound 
edges.

Use measures to keep wound edges 
approximated: taping, bandaging, splints.

Encourage rest.
Systemic disorders (eg, 

hemorrhagic shock, 
acidosis, hypoxia, renal 
failure, hepatic disease, 
sepsis)

Depress cell functions that directly 
affect wound healing.

Administer prescribed treatments to 
address underlying cause.
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Factors Rationale Nursing Interventions

Immunosuppressed state The patient is more vulnerable 
to bacterial and viral invasion; 
defense mechanisms are 
impaired.

Provide maximum protection to prevent 
infection. Restrict visitors with colds; 
institute mandatory hand hygiene by all 
staff.

Wound stressors (eg, 
vomiting, Valsalva 
maneuver, heavy 
coughing, straining)

Produce tension on wounds, 
particularly of the torso.

Encourage frequent turning and ambulation 
and administer antiemetic medications 
as prescribed. Assist the patient in 
splinting incision.

Modifi ed from Smeltzer SC, Bare BG, Hinkle JL, et al.: Brunner & Suddarth’s Textbook of Medical—Surgical 
Nursing, 12th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2010, p 475.

TA B L E  3 1 - 2 Care of Specifi c Wounds

Wound Type Description Wound Care

Venous stasis 
ulcer

• Usually found on the medial aspect of the 
lower leg

• Irregular wound margins, ruddy appearance
• Presents as a shallow crater with mild to heavy 

drainage

• Compression therapy using an Unna boot or a 
multiple-wrap dressing to provide continuous 
compression

• Elevation of the affected leg above heart level 
to decrease edema

Arterial 
(ischemic) 
ulcer

• Usually found on the distal leg and dorsal 
aspect of the foot and toes

• Round, regular, smooth wound margins
• “Punched-out” appearance, pale wound bed
• May be shallow or deep
• Affected leg may be cool to the touch, cyanotic, 

and pale with minimal hair distribution

• Occlusive dressing
• Vascular defi cit must be addressed surgically

Diabetic foot ulcer • Primarily found on the plantar aspect of the 
foot, heels, and metatarsals

• Frequently not recognized early, due to 
neuropathy

• A dressing that provides a moist environment is 
used to promote wound healing

• Debridement
• Assessment for infection, osteomyelitis, and 

delayed wound healing
• Special shoes to offl oad the patient’s weight

Skin tear • Partial-thickness, acute wound
• Occurs when the skin is thin and fragile
• May be due to removal of tape or transparent 

occlusive dressings

• Gentle cleansing with normal saline (or other 
institution-approved cleanser)

• Application of hydrogel and a nonadherent 
dressing

• Kling or Coban is used to hold the dressing in 
place without tape

Pressure ulcer Appearance depends on stage; see Chapter 30 • Stage I and II pressure ulcers: hydrocolloid 
dressings

• Stage III and IV pressure ulcers: absorptive 
hydrofi ber dressings or calcium alginates 
covered with hydrocolloid or occlusive 
transparent dressings; foam dressings; 
vacuum-assisted wound closure (VAC)

margins. Tubing, similar to that of suction tubing, 
is placed into a special foam dressing. The foam 
dressing is shaped in wedges that are cut to fi t the 
wound. The foam wedges and tubing are then cov-
ered with an occlusive transparent dressing and the 
tube is connected to the vacuum unit at low suction 
levels (Fig. 31-3). The occlusive dressing promotes 
a moist environment for healing, and the negative 
pressure removes excessive wound drainage, assist-
ing in pulling the wound margins together and stim-
ulating granulation tissue.1 The dressing has the 

appearance of being “vacuum-packed” when it is 
secure and occlusive. If the dressing is not collapsed, 
there is a leak in the system, and the dressing must 
be replaced securely to maintain negative pressure.

RED FLAG! The foam wedge dressing must not be 
placed in direct contact with exposed blood vessels, 
organs, or nerves. 

The VAC system decreases length of wound 
healing, the frequency of dressing changes (thus 

Morton_Chap31.indd   437Morton_Chap31.indd   437 2/4/2012   3:37:24 PM2/4/2012   3:37:24 PM



438 P A R T  T E N Integumentary System

decreasing patient discomfort and nursing labor), 
the length of stay, complications, and hospital read-
missions, while it promotes the salvage of limbs.2 
The VAC system can be used in both acute and 
chronic wounds.1 Indications and contraindications 
are summarized in Box 31-1. Nursing responsibili-
ties include wound assessment and documentation; 
placing the patient on the VAC system, changing the 
canister; and maintaining the system.

Sutures, Staples, and Wound Adhesives
Sutures or staples must be cleaned with sterile 
normal saline or a wound cleanser. Immediately 

B O X  3 1 - 1   Indications and Contraindications 
for Vacuum-Assisted Wound 
Closure (VAC)

Indications
• Chronic wounds (eg, diabetic and nonhealing Stage 

III and IV pressure ulcers)
• Flaps and grafts
• Dehisced incisions (ie, split open along natural or 

suture lines)
• Acute and traumatic wounds
• Burns

Use with Caution
• Active bleeding
• Anticoagulant therapy
• History of uncontrolled bleeding
• In an infected wound (use only with appropriate 

antibiotic therapy)

Contraindications
• Untreated osteomyelitis
• Necrotic tissue with eschar
• Malignancies of the wound
• Nonenteric and unexplored fi stulas

F I G U R E  3 1 - 3  A vacuum-assisted wound closure (VAC) device 
assists wound closure by providing localized negative pressure to 
the wound bed and wound margins. (Courtesy of KCI Licensing, 
Inc., 2007.)

after surgery, the wound needs to be covered with 
a dry sterile dressing. After the initial postopera-
tive period, the staples or sutures are frequently left 
open to air.

Wound adhesives may be used on surgical or trau-
matic wounds to approximate the wound margins 
after sutures are used to close the underlying tis-
sue. The wound adhesive appears like a shiny, clear 
coating over the incision. Incisions in which wound 
adhesives are used are gently rinsed with a wound 
cleaner and left uncovered. Steri-Strips should not 
be used in conjunction with wound adhesives.

RED FLAG! Wound adhesives must not be placed 
in the wound bed. Doing so may lead to delayed 
wound healing or infection.

Wound Drain Care
Often, a drain is inserted in the wound to prevent 
the pooling of exudate in the wound bed, which can 
decrease healing and increase the potential of infec-
tion or tunneling. The most common types of drains 
are Hemovac drains, Penrose drains, and Jackson-
Pratt drains. Basic care of all drains and tube sites 
includes cleansing with sterile normal saline and 
applying a dressing to stabilize the tube and pre-
vent contamination of the site with drainage. Drain 
and tube insertion sites are typically not left open 
to air because of the risk for infection. Antibiotic 
ointment may be applied. Impregnated gauzes for 
packing and various solutions (eg, Betadine, Dakin’s 
solution) may be used in the event that the wound is 
infected; however, they should not be used as a rou-
tine wound treatment for a prolonged time because 
they destroy granulating tissue and inhibit the nor-
mal healing process.

Some wounds may have high volumes of exudate. 
When this is the case, the wound may be “pouched” 
or “bagged” to contain the drainage, protect the 
surrounding tissue from breakdown, and allow for 
accurate measurement of wound output. The same 
supplies used for ostomy pouching may be used for 
pouching a wound3 (Fig. 31-4), or a product designed 
specifi cally for pouching high-volume draining 
wounds may be used. The nurse assesses the wound 
margins for skin breakdown and applies protective 
ointments or uses protective skin wipes as needed.

Wound Dressings
Wound dressings are used to protect the wound 
from infection and promote a moist environment. 
The dressing of choice depends on the wound.

Wet-to-Dry Dressings
Wet-to-dry dressings are frequently used in clini-
cal practice; however, evidence has shown that they 
are actually detrimental to the wound.4 A wet-to-dry 
dressing may be used for debridement of the wound, 
but when it is removed, indiscriminate debride-
ment of both necrotic and granulating tissue occurs. 
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dressings. They are used most frequently in the 
treatment of stage I and stage II pressure ulcers. 
Hydrocolloids need to be changed less frequently 
than calcium alginates and foam dressings (ie, 
only every 3 to 5 days).

RED FLAG! Absorptive dressings must 
always be used with caution if the wound is 
infected.

Hydrogels
Hydrogels, which are water- or glycerin-based, are 
most frequently used for dry wounds. They help 
maintain a moist wound environment, promot-
ing granulation, epithelialization, and autolytic 
debridement.

Silver Dressings
Silver (Ag) dressings are impregnated with silver, 
which has a bactericidal effect. The potential for 
bacteria to develop a resistance to silver is  negligible. 
Silver dressings work well in conjunction with other 
medical and pharmacotherapeutic treatments. In 
some cases, a silver gel (eg, SilvaSorb gel) is com-
bined with a hydrogel and applied into the wound.

Bilayered Dressings
Bilayered dressings are engineered dressings that 
are applied as “grafts” to noninfective, chronic 
wounds that fail to progress with other forms of 
treatment. Depending on the type and brand, these 
dressings may be composed of fi broblast, collagen, 
and growth factors. They act by giving the wound 
a “jump start.” They are frequently used on venous 
stasis ulcers and diabetic foot ulcers or on exposed 
bone, tendon, or joint tissue.

Wound Debridement
Debridement is the removal of necrotic (dead) or 
devitalized tissue. Necrotic or devitalized tissue pres-
ents as dark brown, black, yellow, pale, cyanotic, or 
crusty eschar. To promote optimal wound healing, 
this tissue needs to be removed from the wound. 
Debridement may be autolytic, chemical, or mechan-
ical. Occasionally, a combination of debridement 
methods may be used throughout the healing process.

• In autolytic debridement, the body uses its 
own ability to lyse and dissolve necrotic tissue. 
Hydrocolloid dressings are frequently used to pro-
mote autolytic debridement. This type of debride-
ment is not optimal in wounds that have large 
amounts of necrotic tissue.

• In chemical debridement, proteolytic enzymes 
or collagen-based drugs are applied topically to 
the wound. Chemical debridement requires cau-
tion because some enzyme agents are nonselec-
tive and may destroy healthy tissue in addition to 
necrotic and devitalized tissue.

• In mechanical debridement, necrotic or devital-
ized tissue is removed using wet-to-dry dressings, 

F I G U R E  3 1 - 4  “Pouching” a high-volume draining wound. (From 
Thomas Hess C: Clinical Guide: Wound Care, 5th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins, 2005, p 100.)

This constant debriding of the wound increases the 
patient’s discomfort, promotes infection (due to fre-
quent dressing changes), slows the healing process, 
and may enlarge the wound.

Wounds need a moist environment to heal with-
out impediment. If a wet-to-dry dressing is used for 
nondebridement purposes, the optimal method is 
wet to moist, changing the dressing every 4 hours, 
and covering the wet-to-dry dressing with a trans-
parent dressing to promote and maintain a moist 
wound environment. If the dressing is not being 
used for the purpose of debridement, the nurse may 
moisten the dressing prior to removal to prevent it 
from adhering to the wound.

Absorptive Dressings
Absorptive dressings include calcium alginates, 
foam dressings, and hydrocolloids:

• Calcium alginates are made from brown sea-
weed. They come in ropelike or fl at pieces that 
must be “fl uffed” and packed into the wound bed. 
Calcium alginates have an absorptive quality and 
can hold up to 20 times or more their weight in 
wound drainage. As the calcium alginate absorbs 
the wound drainage, it changes to a gel that is eas-
ily removed from the wound. Calcium alginates 
may be covered with a hydrocolloid or a transpar-
ent dressing.

• Foam dressings have the advantage of being 
highly absorptive. They are available in various 
shapes and sizes and are placed over the wounds. 
Minimal trauma occurs to the wound bed and sur-
rounding tissue. Foam dressings, like calcium algi-
nates, provide a moist wound environment.

• Hydrocolloids are occlusive, self-adhesive, and 
absorptive, although their absorptive capacity is 
not as great as that of calcium alginates or foam 
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whirlpools, or sharps (ie, a scalpel or scissors). 
Whirlpool debridement is not as effective as other 
methods, increases the potential for infection, and 
can macerate wound margins. Sharps debride-
ment is a surgical procedure that may require 
anesthesia, IV conscious sedation, a local anes-
thetic, or a combination of the three. Wet to dry 
dressings are nonselective and will debride both 
healthy and unhealthy tissue.

Wound Cultures
All wounds are considered contaminated and have 
the potential to become infected; however, routine 
wound cultures are not recommended unless there 
are signs and symptoms of infection (Box 31-2). 
Several methods may be used to culture a wound, 
including fl uid biopsy, wound (tissue) biopsy, and 
surface culture (culture swab). Wounds that contain 
necrotic tissue or tunneling need both aerobic and 
anaerobic cultures.

A surface culture is usually done fi rst. The wound 
is cleansed or irrigated with sterile normal saline 
before swabbing the wound. After the wound is 
cleansed, the swab is gently rolled or rotated, start-
ing at the 12-o’clock position and moving in a zig-
zag pattern from side to side down the wound to the 
6-o’clock position (Fig. 31-5).3

RED FLAG! Exudate and necrotic tissue 
are not cultured—doing so provides invalid 
results.

A colony count of 100,000 organisms/mL indi-
cates an infection that needs to be treated with 
the appropriate antibiotic.5 At colony counts 
of greater than 100,000 organisms/mL, nor-
mal wound  healing is inhibited, and the wound 
becomes a chronic wound.3 Wounds that do not 
respond to antibiotic treatment need to be recul-
tured by wound biopsy.

B O X  3 1 - 2   Signs and Symptoms of Wound 
Infection

• Fever
• Erythema
• Edema
• Induration
• Foul odor
• Purulent or increased amount of exudates
• Abscess
• Cellulitis
• Discoloration of granulation tissue
• Friable granulation tissue (bleeds easily)
• Increased or unexpected pain or tenderness
• Elevated white blood cell (WBC) count

1
2

3
4

5
6

7
8

9
10

F I G U R E  3 1 - 5  Collecting a wound culture. The wound edges are 
swabbed using 10-point coverage. (From Thomas Hess C: Clinical 
Guide: Wound Care, 5th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2005, p 104.)

C A S E  S T U D Y

Mr. K. is a 34-year-old male who was involved 
in a motor vehicle injury. He sustained multiple 
injuries, including splenic laceration grade II, liver 
laceration grade III, and a right open femur fracture 
with a large traumatic wound. He underwent explor-
atory abdominal surgery for repair of the liver and 
splenic lacerations. His abdominal incision was left 
open to minimize the risk for abdominal compart-
ment syndrome, and a vacuum-assisted wound 
closure (VAC) system was placed on the abdominal 
wound. Mr. K.’s right leg wound was cleaned intra-
operatively, and postoperatively, it is draining copi-
ous amounts of serosanguinous fl uid.

1. What type of dressing would be required for the 
open, draining wound?

2. Would the nurse expect to routinely culture the 
wound bed?

3. What are the nurse’s responsibilities with regard 
to the VAC system?

Want to know more? A wide variety of resources to enhance your 
learning and understanding of this chapter are available on . 
Visit http://thepoint.lww.com/MortonEss1e to access chapter 
review questions and more!
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C H A P T E R
Burns

32
O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Describe the classifi cation of burn injuries.
2 Describe the pathophysiology of a burn injury.
3 Describe injuries that can occur in conjunction with a burn injury.
4 Describe the initial priorities for assessment and care of a patient with a burn 

injury.
5 Describe the ongoing assessment and care of a patient with a burn injury.

Classifi cation of Burn Injuries
Burn injuries are described in terms of causative 
agent, depth, and severity.

Causative Agent
A burn injury usually results from energy transfer 
from a heat source to the body. The heat source may 
be thermal, chemical, or electrical. Exposure to ion-
izing radiation can also cause burns.

Thermal Burns
Thermal burns may be caused by contact with 
fl ames, a hot object, or steam.

Chemical Burns
Chemical burns may be caused by exposure to 
acids or alkali (eg, hydrofl uoric acid, formic acid, 
anhydrous ammonia, cement, phenol), white phos-
phorus, certain elemental metals, nitrates, hydro-
carbons, or tar. With chemical burns, contact time 
is directly related to the severity of injury. For all 
chemical burns, hydrotherapy to limit the effects 

of the chemical should be initiated immediately 
and  continued until the pain is resolved; this may 
take 2 to 3 hours or longer. If exposure has occurred 
to the eyes, the eyes should be fl ushed continu-
ously until a full evaluation can be completed by an 
ophthalmologist.

RED FLAG! Attempts to neutralize an acid or alkali 
delay initiation of hydrotherapy and may cause 
further burn injury by producing additional chemical 
reactions. 

Electrical Burns
The effects of electricity on the body are determined 
by the type of current, the amount of current, the path-
way of the current, the duration of contact, the area 
of contact, the resistance of the body, and the voltage.

Low-voltage injuries are those caused by 1000 V 
or less. Low-voltage current travels the path of least 
resistance; therefore, tissue, nerves, and muscle are 
easily damaged, whereas bone is not. These injuries 
often occur at home (eg, damaged extension cords) 
and involve the hands and oral cavities. A low-volt-
age burn of the hand usually consists of a small, deep 
burn that may involve vessels, tendons, and nerves. 
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Depth
Many factors alter the response of body tissues to 
heat. The depth of the burn depends on the tempera-
ture of the causative agent, the duration of exposure 
to the causative agent, and the areas of the body that 
are exposed to that agent. Damage to the skin is fre-
quently described according to the depth of injury 
(Box 32-1).

Although these burns involve a small area, they may 
be severe enough to require amputation.

High-voltage current is concentrated at its 
entrance to the body, then diverges centrally, and 
fi nally converges before exiting. The most severe 
damage to tissue occurs at the sites of contact and 
exit. High-voltage electric entry wounds are charred 
and leathery in appearance, whereas exit wounds 
are more likely to “blow out” as the charge exits.

B O X  3 2 - 1   Classifi cation of Burns by Depth of Injury

Depth Tissues Involved Usual Cause Characteristics Pain Healing

Superfi cial 
(fi rst-
degree)

Epidermis, mini-
mal epithelial 
damage

Sunburn or 
brief expo-
sure to hot 
liquid, fl ash, 
fl ame

Dry
Blisters after 

24 hours
Pinkish red
Blanches with 

pressure

Painful
Pruritus 

during 
healing

3 to 6 days
No scarring

Superfi cial 
partial-
thickness 
(second-
degree)

Epidermis, superfi -
cial dermis

Flash, hot 
liquids

Moist
Pinkish or 

mottled red
Blisters
Some blanching

Pain
Hyperesthetic

10 to 14 days
Minimal scarring

Deep partial-
thickness 
(second-
degree)

Epidermis, part 
of dermis: 
epidermal-lined 
hair and sweat 
glands intact

Flash, hot 
liquids, 
hot solids, 
fl ame, and 
intense radi-
ant injury

Dry, pale, waxy
No blanching

Sensitive to 
pressure

30 days to months
Late hypertro-

phic scar-
ring; marked 
contracture 
formation

May require skin 
grafting

Full-thickness 
(third-
degree)

Epidermis and 
dermis; may 
involve subcuta-
neous fat, mus-
cle, and bone

Sustained 
fl ame, 
electrical, 
chemical, 
and steam

Leathery, cracked 
avascular, white, 
cherry red, 
brown, or black

No blanching

Little pain; 
deep 
pressure

Cannot self- 
regenerate; 
needs grafting

Superficial 
(first-degree) burns

Superficial partial-thickness
(second-degree) burns

Deep partial-thickness
(second-degree) burns

Full-thickness
(third-degree) burns

Epidermis

Dermis

Subcutaneous
tissue

Muscle
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specialized care. The ABA’s criteria for transfer to a 
burn center are given in Box 32-3.

Pathophysiology
Burn injuries have both local (Box 32-4) and sys-
temic effects. Major changes at the cellular level are 
responsible for the tremendous systemic response 
noted in a patient with burns. Disruption of the cell 
membrane results in increased vascular permeabil-
ity, loss of plasma proteins, and a decrease in circu-
lating volume. Increased vascular permeability leads 
to the formation of interstitial edema, which usually 
peaks within 24 to 48 hours of injury. Patients with 
burn injuries often develop acute respiratory distress 
syndrome (ARDS) following the development of pul-
monary interstitial edema.1 The systemic release of 
vasoactive substances initiates the systemic infl am-
matory response syndrome (SIRS). The potent medi-
ators and cytokines deplete the intravascular volume, 
decreasing blood fl ow to the kidneys and the gastroin-
testinal tract. If left uncorrected, hypovolemic shock, 
metabolic acidosis, and hyperkalemia may occur.

Severity
To assess the severity of the burn, several factors 
must be considered:

• The percentage of total-body surface area (TBSA) 
burned (Fig. 32-1)

• The depth of the burn
• The causative agent and length of exposure
• The anatomical location of the burn
• The person’s age
• The person’s medical history
• The presence of concomitant injury
• The presence of inhalation injury

The injury severity grading system, developed by 
the American Burn Association (ABA), provides a 
consistent way of determining and describing the 
severity of a burn injury (Box 32-2). Minor injuries 
are treated in the emergency department with out-
patient follow-up every 48 hours until the risk for 
infection is reduced and wound healing is under 
way. Patients with moderate, uncomplicated burn 
injuries or major burn injuries are referred to a 
regional burn center and, if needed, transferred for 

A. Rule of Nines

9%

9% 9%

18% 18%

1%

Anterior 18%

Posterior
18%

AREA

PERCENT OF BURN SEVERITY OF BURN

0-1
Year

1-4
Years

5-9
Years

10-15
Years

Total

Adult

Total Blue areas indicate 2°
Red areas indicate 3°

2° 3°

TOTAL
PERCENT

19

2

13

13

21⁄2

21⁄2

1

4

4

3

3

21⁄2

21⁄2

51⁄2

51⁄2

5

5

31⁄2

31⁄2

17

2

13

13

21⁄2

21⁄2

1

4

4

3

3

21⁄2

21⁄2

61⁄2

61⁄2

5

5

31⁄2

31⁄2

13

2

13

13

21⁄2

21⁄2

1

4

4

3

3

21⁄2

21⁄2

81⁄2

81⁄2

51⁄2

51⁄2

31⁄2

31⁄2

10

2

13

13

21⁄2

21⁄2

1

4

4

3

3

21⁄2

21⁄2

81⁄2

81⁄2

6

6

31⁄2

31⁄2

7

2

13

13

21⁄2

21⁄2

1

4

4

3

3

21⁄2

21⁄2

91⁄2

91⁄2

7

7

31⁄2

31⁄2

B. Lund and Browder chart

Head

Neck

Ant. Trunk

Post. Trunk

R. Buttock

L. Buttock

Genitalia

R. U. Arm

L. U. Arm

R. L. Arm

L. L. Arm

R. Hand

L. Hand

R. Thigh

L. Thigh

R. Leg

L. Leg

R. Foot

L. Foot

F I G U R E  3 2 - 1  Methods of calculating the percentage of the body surface area. A: The “rule of nines” method 
divides the body into parts in multiples of 9% and is useful for quick assessment. B: The Lund and Browder 
method provides more accurate assessment because surface measurements are assigned to each body 
part by patient age. However, because this method of measuring burn size is time-consuming, it should be 
done after resuscitation efforts are well established.
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The end results of the local and systemic responses 
are dramatic if the burn covers more than 20% of the 
TBSA. The person with a major burn injury experi-
ences a form of hypovolemic shock known as burn 
shock (Fig. 32-2). As a result of increased capillary 
permeability, fl uid (comprised of water, sodium and 
other electrolytes, and plasma proteins) leaks from 
the vascular compartment, resulting in edema in the 
burned tissue and throughout the body. This “leak” 
causes a decrease in cardiac output, hemoconcentra-
tion of red blood cells (RBCs), and diminished perfu-
sion to major organs. In some instances, with burns 
exceeding 60% of the TBSA, depressed cardiac out-
put does not respond to aggressive volume resuscita-
tion due to a myocardial depressant factor. The loss 
of fl uid throughout the body’s intravascular space 
results in thickened, sluggish fl ow of the remain-
ing circulatory blood volume. The antigen–antibody 
reaction to burned tissue adds to circulatory conges-
tion by causing agglutination (clumping) of cells.

B O X  3 2 - 2   Classifi cation of Severity of Burn Injury

Minor Burn Injury
• Second-degree burn of less than 15% total-body 

surface area (TBSA) burn in adults or less than 10% 
TBSA in children

• Third-degree burn of less than 2% TBSA not involv-
ing special care areas (eyes, ears, face, hands, feet, 
perineum, joints)

• Excludes all patients with electrical injury, inhalation 
injury, or concurrent trauma; all poor-risk patients 
(ie, extremes of age, concomitant disease)

Moderate, Uncomplicated Burn Injury
• Second-degree burns of 15% to 25% TBSA in adults or 

10% to 20% in children

• Third-degree burns of less than 10% TBSA not involv-
ing special care areas

• Excludes all patients with electrical injury, inhalation 
injury, or concurrent trauma; all poor-risk patients 
(ie, extremes of age, concomitant disease)

Major Burn Injury
• Second-degree burns of greater than 25% TBSA in 

adults or 20% in children
• All third-degree burns of greater than or equal to 10% 

TBSA
• All burns involving eyes, ears, face, hands, feet, 

perineum, joints
• All patients with inhalation injury, electrical injury, or 

concurrent trauma; all poor-risk patients

B O X  3 2 - 3   Criteria for Referral to a Burn 
Center

• Partial-thickness burns greater than 15% of total-
body surface area (TBSA)

• Burns that involve the face, hands, feet, genitalia, 
perineum, or major joints

• Third-degree burns in any age group
• Electrical burns, including lightning injury
• Chemical burns
• Inhalation injury
• Burn injury in patients with preexisting medical dis-

orders that could complicate management, prolong 
recovery, or affect mortality

• Concomitant trauma, in which the burn injury poses 
the greatest risk for morbidity or mortality

• Children with burns in hospitals without qualifi ed 
personnel or equipment for the care of children

• Patients with burns who will require special social, 
emotional, or long-term rehabilitative intervention

The pathophysiological response after burn injury 
is biphasic. In the early postinjury (ebb) phase, 
generalized organ hypofunction develops from 
decreased cardiac output. In patients receiving ade-
quate fl uid resuscitation, the cardiac output usually 
returns to normal late in the fi rst 24 hours after the 
burn injury. As plasma volume is replenished during 
the second 24 hours, the cardiac output increases 
to hypermetabolic levels (hyperfunction phase) and 
slowly returns to more normal levels as the burn 
wounds are closed.2

Concomitant Problems
Many patients with burn injury have concomitant 
problems, including pulmonary injury, infection, 
and trauma.

Pulmonary Injury
Pulmonary damage usually appears within 24 to 
48 hours of the burn injury and is secondary to 
the inhalation of superheated air or combustible 
products. In an incident involving large amounts of 
steam, the risk for injury is far greater because water 
has a heat-carrying capacity 4000 times greater than 
air and can be inhaled deep into the pulmonary sys-
tem. Pulmonary injury may also be the result of a 
systemic process related to SIRS.

Inhalation Injury
Inhalation injury is the leading cause of death in the 
fi rst 24 hours after burn injury. Three stages of inha-
lation injury have been described:

• Acute pulmonary insuffi ciency occurs in the fi rst 
36 hours after injury.

• Pulmonary edema occurs between 6 and 72 hours 
after injury.

• Bronchopneumonia occurs 3 to 10 days after injury.
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B O X  3 2 - 4   Localized Tissue Response to Burn Injury

Zone of hyperemia

Zone of stasis

Zone of coagulation

Skin

Subcutaneous
tissue

• Zone of coagulation: Area where the most damage 
has been sustained; temperatures have reached 113°F 
(45°C). The tissues are black, gray, khaki, or white and 
have undergone protein coagulation and cell death. 
This area has lost the ability to recover and requires 
surgical intervention.

• Zone of stasis: Contains cells that are at the most risk 
for becoming necrotic in the initial 24 to 72 hours, 
depending on the conditions and resuscitation.

• Zone of hyperemia: The area of increased blood fl ow 
needed for tissue recovery (active hyperemia) and the 
removal of metabolic waste products (reactive hyper-
emia). This area heals rapidly and has no cell death.

Burn injury

Capillary damage

Hemoconcentration

Wound edema

Increased capillary
permeability

Loss of plasma fluid
and proteins into
interstitial spaces

Increased capillary
hydrostatic pressure

at injury

Decreased
circulating blood
volume (preload)

Decreased
cardiac output

Stress response

Increased epinephrine
and norepinephrine

Selective
vasoconstriction

Increased peripheral
resistance

Increased blood
viscosity

Increased cardiac
resistance (afterload)

Decreased capilliary
osmotic pressure

Vascular hydrostatic
pressure exceeds

colloid oncotic pressure

Generalized
edema

F I G U R E  3 2 - 2  Fluid shifts in burn shock.
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monoxide has a half-life of 4 hours if the patient 
breathes room air and 45 minutes if the patient is 
breathing 100% oxygen. Serial ABGs are the most 
accurate way to assess responsiveness to oxygen ther-
apy because unlike pulse oximetry, they distinguish 
between oxygen and carbon monoxide in hemoglobin.

Infection
Severe burn injury results in loss of the mechanical 
barrier to the environment (ie, the skin) and com-
promises the immune system. For this reason, infec-
tion is the most common cause of death in patients 
with burns after the fi rst 7 days.

RED FLAG! Actions of the healthcare team can 
affect patient survival positively or negatively.
Catheters must be handled with sterile or clean
technique, depending upon type of catheter, and 
hands must be washed before and after handling 
the patient, the patient’s bed, or equipment. When 
dressings are removed and wounds exposed, sterile 
gloves must be worn. 

Diagnosis of invasive infection in the patient with 
burns is diffi cult because most patients with burns 
have elevated core temperatures and white blood cell 
(WBC) counts. In a patient with burns, a more use-
ful sign of infection is the appearance of glucose in 
the urine, particularly if this appears paradoxically 
when the blood glucose level is within normal limits. 
Hyperglycemia and increased diffi culty in controlling 
the blood glucose level in a person with diabetes are 
signs of threatening sepsis. Manifestations of mul-
tisystem organ dysfunction syndrome (MODS; see 
Chapter 33) are almost certain signs of septic shock.

A biopsy of the burn wound permits a quantita-
tive assay of the number of colony-forming units 
(CFUs) of bacteria per gram of tissue, and allows 
isolation and identifi cation of the invading organ-
ism. Burn wound sepsis is likely if the colony count 
is greater than 105 CFU/g.

Trauma
Concomitant traumatic injuries (eg, fractures, head 
trauma) pose signifi cant risk for the burn patient. 
The burn wounds may mask some of the classic signs 
of underlying injuries (eg, ecchymosis, swelling). 

Inhalation of superheated air may cause blisters 
and edema in the supraglottic area around the vocal 
cords, leading to airway obstruction. Early intubation 
may prevent airway obstruction. Tracheobronchial 
and parenchymal lung injuries are usually a result 
of incomplete combustion of chemicals and result in 
a chemical pneumonitis. Edema in the trachea and 
alveoli may develop any time from the fi rst few hours 
up to 7 days after the injury. Usually edema occurs 
within 24 hours of injury; however, changes may not 
become apparent until the second 24-hour period 
following injury. The alveoli may collapse, leading to 
atelectasis and the rapid development of ARDS.

History and physical assessment fi ndings that 
suggest the potential for inhalation injury are given 
in Box 32-5. Serial arterial blood gas (ABG) mea-
surements show a decreasing arterial oxygen tension 
(PaO2). Subtle changes in the patient’s sensorium 
may also indicate hypoxia. Usually, the admission 
chest x-ray appears normal because changes are not 
evident until 24 to 48 hours after the burn. A spu-
tum specimen is obtained for culture and sensitivity 
studies. Laryngoscopy and bronchoscopy may be of 
value in determining the presence of extramucosal 
carbonaceous material (the most reliable sign of 
inhalation injury) and the state of the mucosa (blis-
tering, edema, erythema).

Carbon Monoxide Toxicity
Patients who are found in closed areas in the pres-
ence of combusted gases (eg, from a faulty furnace or 
vehicle exhaust) are at greatest risk for carbon mon-
oxide exposure. Carbon monoxide (a nonirritating, 
odorless, colorless gas that is formed as a result of 
incomplete combustion of any carbon fuel) competes 
with oxygen for uptake by hemoglobin, thereby act-
ing as an asphyxiant. Because hemoglobin has 200 to 
300 times the affi nity for carbon monoxide that it has 
for oxygen, carbon monoxide readily displaces the 
oxygen, leading to the formation of carboxyhemoglo-
bin and a reduction in systemic arterial oxygen con-
tent. The signs and symptoms of carbon monoxide 
poisoning depend on the amount of carboxyhemoglo-
bin that is present in the patient’s blood (Table 32-1).

When carbon monoxide poisoning is suspected, 
100% high-fl ow oxygen is administered. Carbon 

B O X  3 2 - 5   History and Physical Examination 
Findings Suggestive of Inhalation 
Injury

• History of incident occurring in a confi ned area
• Singed nasal hairs
• Burns of the oral or pharyngeal mucous membranes
• Burns in the perioral area or neck
• Carbonaceous sputum
• Change in voice (hoarseness)
• Stridor
• Dyspnea
• Tachypnea

TA B L E  3 2 - 1 Signs and Symptoms of Carbon 
Monoxide Poisoning

Carboxyhemoglobin 
Saturation (%) Clinical Presentation

10 No symptoms
20 Headache, vomiting, dyspnea 

on exertion
30 Confusion, lethargy, changes on 

electrocardiogram (ECG)
40–60 Coma
More than 60 Death
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and secondary surveys are completed before trans-
fer. Box 32-6 discusses the primary survey specifi c 
to burn patients. The secondary survey, which takes 
place after resuscitative measures have been initi-
ated, includes a detailed history and physical exami-
nation of the patient and a complete history of the 
accident (Box 32-7). While taking the history, the 
nurse notes preexisting conditions. During the phys-
ical examination, burn depth and size are assessed. 
Laboratory and diagnostic studies that are indicated 
for patients with burns include the following:

• Complete blood count (CBC)
• Comprehensive chemistry panel, including blood 

urea nitrogen (BUN)

Knowledge of the circumstances surrounding the burn 
injury (eg, car accident, explosion) can help guide the 
assessment for concomitant traumatic injuries. For 
example, patients with electrical injuries must be eval-
uated for fractures secondary to the violent muscular 
contraction that occurs after exposure, with special 
focus on the cervical spine and long bones.

Assessment and Management
The initial assessment of the patient with burns is 
like that of any trauma patient (see Chapter 34). 
Because proper stabilization of the patient is crucial 
for successful transfer to a burn center, the primary 

B O X  3 2 - 6   Primary Survey of a Patient with Burn Injury

Airway
• Assess immediately for signs of inhalation injury, 

which indicate need to secure the airway.

Breathing and Ventilation
• Assess for circumferential full-thickness burns of the 

chest that may impair ventilation.

Circulation
• Pay special attention to the distal pulses of any 

extremity with circumferential burns. Doppler ultraso-
nography can be used to assess for pulses.

• If possible, perform IV cannulation by inserting two 
large-bore catheters into skin that is unburned. A cen-
tral venous catheter should be inserted when indicated.

• Assess for risk factors for impaired circulation, includ-
ing decreased sensation, progressive worsening of 
pain, paresthesias, decreased capillary refi ll, and pal-
lor of extremity.

Disability
• Assess for level of consciousness. Typically, the patient 

with burns is alert and oriented. If the patient is not 
alert and oriented, assess for associated injuries such 
as inhalation injury, head trauma, substance abuse, or 
preexisting medical conditions using the AVPU (Alert, 
responds to Verbal stimuli, responds to Painful stim-
uli, Unresponsive) method.

Exposure
• Remove all of the patient’s clothes to complete the 

primary and secondary surveys.
• After examination, cover the patient with a clean, dry 

sheet and warm blankets to prevent evaporative cool-
ing. If possible, IV fl uids are warmed to 98.6°F (37°C) 
to 104°F (40°C) before administering.

B O X  3 2 - 7   Secondary Survey of a Patient with Burn Injury: History of Preceding Events

Thermal Burns
• How did the burn occur?
• Did the burn occur inside or outside?
• Did the clothes catch fi re?
• How long did it take to extinguish the fi re?
• Were there any explosions?
• Was the patient found in a smoke-fi lled room?
• How did the patient escape?
• Did the patient jump out of a window?
• Were there other people injured or killed at the scene?
• Was the patient unconscious at the scene?
• Was there a motor vehicle crash?
• Was the car severely damaged?
• Was there a car fi re?
• Are the purported circumstances of the injury consis-

tent with the burn characteristics (is there possibility 
of abuse)?

For Scald Injuries
• How did the burn occur?
• What was the temperature of the liquid?

• What was the liquid; how much liquid was involved?
• What was the burn cooled with?
• Who was present when the burn took place?
• Where did the burn take place? Is there possibility of 

abuse?

Chemical Burns
• What was the agent?
• How did the exposure occur?
• What was the duration of contact?
• Did contamination take place?

Electrical Burns
• What kind of electricity was involved?
• Did the patient lose consciousness?
• Did the patient fall?
• What was the estimated voltage?
• Was cardiopulmonary resuscitation (CPR) adminis-

tered at the scene?
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Fluid resuscitation formulas are guidelines, and 
individual patients may require more or less than 
2 to 4 mL/kg per percentage TBSA during the fi rst 
24 hours. Patients who often require more fl uid than 
the formula predicted include those with electrical 
injuries, inhalation injuries, delayed resuscitation, 
prior dehydration at time of injury, and concomi-
tant trauma.

RED FLAG! Large amounts of fl uids are given over 
a short period of time during fl uid resuscitation 
immediately after the burn, putting the patient at risk 
for fl uid overload and pulmonary edema. Care must 
be taken to avoid these complications, although it is 
diffi cult when it is necessary to infuse large amounts 
of fl uids so rapidly. 

After the fi rst 24 hours following injury, replac-
ing the massive evaporative water loss is a major 
consideration in fl uid management. In patients 
with previously normal renal function, the onset of 
spontaneous diuresis is a hallmark indicating the 
end of the resuscitative phase. Infusion rates can be 
decreased by 25% for 1 hour if the urine output is 
satisfactory and can be maintained for 2 hours; the 
reduction may then be repeated. Urinary outputs 
must be maintained within normal limits of 30 to 
70 mL/h (0.5 mL/kg/h) in the adult. Other indications 
of adequate fl uid replacement are listed in Box 32-8.

Patients are usually weighed daily. A gain of 
15% of admission weight may be expected with the 
large amounts of fl uids that are being administered. 
Intake and output must be monitored meticulously. 
Inadequate fl uid resuscitation places the patient at 
risk for the development of rhabdomyolysis (the 
release of myoglobin and hemoglobin from dam-
aged cells) and acute renal insuffi ciency.

Providing Pulmonary Support
Patients with concomitant pulmonary injuries will 
require pulmonary support to address complica-
tions such as upper airway edema, tracheobronchial 
injury, bronchospasm, and bronchopneumonia.

• Upper airway edema. In patients with inhalation 
injury, upper airway edema peaks 24 to 48 hours 

• Creatinine level
• Urinalysis
• ABGs with a carboxyhemoglobin
• Electrocardiogram (ECG)
• Chest radiograph

After the primary and secondary surveys are com-
plete, the burned area is usually covered with a dry 
sheet. Ice can be applied to small superfi cial burns. If 
the patient has a high-voltage electrical burn or car-
diac changes are noted, continuous cardiac monitor-
ing is established. If the patient has a chemical burn, 
the area is immediately fl ushed with large amounts 
of water to remove the chemical, and all contami-
nated clothing is removed and bagged. If the patient 
is going to be transferred to a burn center, initiation 
of fl uid resuscitation, insertion of a nasogastric tube, 
and insertion of an indwelling urinary catheter may 
be carried out during the secondary survey.

Resuscitative Phase
The resuscitative phase begins immediately after 
the burn has occurred. Resuscitative measures are 
ongoing and constantly evaluated.

Providing Hemodynamic Support
Therapy is aimed at supporting the patient through 
the period of hypovolemic shock (“burn shock”) 
until capillary integrity is restored. Fluid resuscita-
tion is the primary intervention in the resuscitative 
phase in the critical care unit. Goals for fl uid resus-
citation are as follows:

• Correct fl uid, electrolyte, and protein defi cits.
• Replace continuing losses and maintain fl uid 

balance.
• Prevent excessive edema formation.
• Maintain a urine output in adults of 30 to 50 mL/h.

Numerous formulas have been developed for fl uid 
resuscitation in the patient with burns, including the 
Baxter (Parkland) formula, the Brooke formula, the 
modifi ed Brooke formula, the ABA consensus for-
mula, the dextran formula, and the Evans formula. 
These formulas differ primarily in recommended 
volume administration and salt content. In gen-
eral, lost crystalloid and colloid solutions must be 
replaced rigorously. Free water, given as 5% dextrose 
in water (D5W) with or without added electrolytes, is 
regulated so that insensible fl uid loss is covered with 
the goal of keeping the patient’s sodium concentra-
tion at 140 mEq/L. The ABA recommends the use of 
the ABA consensus formula:

• First 24 hours: Lactated Ringer’s solution (2 to 
4 mL/kg/% TBSA in adults; 3 to 4 mL/kg/%TBSA 
in children); half given over fi rst 8 hours, remain-
ing half given over next 16 hours

• Second 24 hours: Colloid-containing fl uid (0.3 to 
0.5 mL/kg/%TBSA), plus electrolyte-free fl uid (in 
adults) or half-normal saline (in children) to main-
tain adequate urine output

B O X  3 2 - 8   Indications of Adequate Fluid 
Replacement

Blood pressure: Normal to high ranges
Pulse rate: less than 120 beats/min
Central venous pressure (CVP): 8 to 12 cm H2O
Pulmonary capillary wedge pressure (PCWP): 12 to 

18 mm Hg
Urine output: 30 to 70 mL/h
Lungs: Clear
Sensorium: Clear
Gastrointestinal tract: Absence of nausea and 

 adynamic ileus
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24 hours of injury) may reduce the translocation of 
bacteria from the intestinal lumen, thereby reduc-
ing the patient’s risk for developing septicemia.3,4 
Enteral feeding also prevents hypercatabolism. One 
approach is to slowly infuse tube feedings through 
the nasogastric tube or enteral feeding tube at a rate 
of 10 to 20 mL/h. Although this rate does not meet 
the nutritional needs of an adult patient, it is enough 
to protect the gut mucosa. The rate is steadily 
increased to meet the estimated calculated caloric 
requirements according to the patient’s tolerance of 
enteral feeding. Patients with minor burns may be 
able to satisfy their caloric and fl uid needs through 
oral intake only.

Judging the amount of protein necessary for 
recovery from burn injuries is diffi cult. Massive and 
unquantifi ed loss of protein from the burn wound 
exudates precludes nitrogen balance studies based 
on urine excretion alone. Dietary protein should 
be started at an administration rate of 1.2 g/kg/d 
and should be increased if there is no subsequent 
increase in serum protein markers. It is important 
to avoid overfeeding of protein because doing so 
predisposes the patient to sepsis, and amounts of 
protein greater than 3 g/kg/d in adults are usually 
not tolerated because of azotemia.

Providing Musculoskeletal Support
Physical and occupational therapy begins on day 1 
of a burn injury. Independent of the patient’s general 
condition, injured upper and lower extremities can 
be elevated to allow adequate venous drainage and 
reduce edema. Patients with burn injuries are also 
at risk for the development of contractures:

• The burn wound will shorten by contraction until 
it meets an opposing force. Across a fl exor surface, 
this may result in a contracture.

• Although tightly fl exed positions are preferred 
by patients for comfort, they result in severe 
contractures.

Range-of-motion exercises prevent tendon short-
ening and restriction of joint motion by burn scar 
contractures. Range-of-motion exercises (passive 
initially, progressing to active) are initiated imme-
diately and continued throughout the hospitaliza-
tion and rehabilitation period. The range-of-motion 
exercises are carried out with each dressing change 
or more often if indicated. Positioning the body with 
the extremities extended is also important. Special 
splints are used to maintain arm, legs, and hands in 
extended, yet functional, positions. Later, when the 
wounds have healed suffi ciently, the person is cus-
tom-fi tted for a special pressure garment that helps 
prevent hypertrophic scarring. The garment must 
be worn almost 24 hours a day for approximately 
1 year.

Managing Pain and Anxiety
The pain associated with burns is managed aggres-
sively. All opioids are given intravenously because 

after injury. If the injury is mild or moderately 
severe, placing the patient in a high Fowler’s posi-
tion and administering humidifi ed oxygen and 
aerosolized racemic epinephrine may be suffi cient 
to limit further edema formation. Severe upper 
airway obstruction usually requires endotracheal 
intubation to protect the airway until the edema 
subsides.

• Tracheobronchial injury. In patients with mild 
tracheobronchial injury, atelectasis may be pre-
vented by frequent bronchial hygiene therapy 
(BHT). In patients with more severe injury, more 
frequent suctioning may be necessary, and bron-
choscopic removal of debris may be appropriate. 
These patients usually require endotracheal intu-
bation and mechanical ventilatory support.

• Bronchospasm. Patients with bronchospasm are 
treated with aerosolized or intravenously adminis-
tered bronchodilators.

• Bronchopneumonia. Bronchopneumonia may 
develop at any time and may be hematogenous 
(miliary) or airborne. Airborne bronchopneumo-
nia is most common, with onset occurring soon 
after injury. It is often associated with a lower 
airway injury or aspiration. Hematogenous bron-
chopneumonia begins as a bacterial abscess sec-
ondary to another septic source, usually the burn 
wound. The time of onset usually is 2 weeks after 
injury. Empiric antibiotic therapy is initiated and 
then modifi ed according to culture and sensitivity 
test results.

Escharotomy
Edema formation in the tissues under the tight, 
unyielding eschar of a circumferential burn of a deep 
partial-thickness or full-thickness injury produces 
signifi cant vascular compromise in the affected limb 
(compartment syndrome). Doppler ultrasonography 
is the most reliable means of assessing arterial blood 
fl ow; loss or decrease of the ultrasonic signal is an 
indication for escharotomy. The nurse performs 
hourly assessments of the radial, ulnar, and palmar 
arch pulses (in the upper extremity) or the posterior 
tibial and dorsalis pedis pulses (in the lower extrem-
ity). If needed, an escharotomy is performed as a 
bedside procedure. Local anesthesia is rarely nec-
essary because full-thickness injuries are insensate; 
opioids and benzodiazepines are used for patient 
comfort.

Reparative Phase
Once the patient is stabilized, measures are taken 
to promote healing and prevent infection. Box 32-9 
provides a collaborative care guide for the patient 
with burns.

Ensuring Optimal Nutrition
Appropriate nutrition plays a signifi cant role in 
improving outcome for patients with severe burn 
injuries. Early enteral feeding (within the fi rst 

(text continues on page 452)
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B O X  3 2 - 9 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With a Burn

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
A patent airway is maintained. • Auscultate breath sounds q2–4h and PRN.

Lungs are clear to auscultation. • Assess for inhalation injury, and anticipate intubation.
• Assess quantity and color of tracheal secretions.
• Suction endotracheal airway when appropriate.
• Hyperoxygenate and hyperventilate before and after each suction 

pass.

Peak, mean, and plateau pressures are 
within normal limits for a patient on a 
ventilator.

• Monitor airway pressures q1–2h.
• Monitor lung compliance q8h.
• Administer bronchodilators and mucolytics.
• Perform chest physiotherapy q4h.
• Monitor airway pressures and lung compliance for improvement 

after interventions.

The patient is without evidence of atelectasis 
or infi ltrates.

• Turn side to side q2h.
• Consider kinetic therapy or prone positioning.
• Obtain chest x-ray daily.

ABGs are within normal limits. • Monitor carboxyhemoglobin and carbon monoxide levels.
• Monitor ABGs using cooximeter analysis of arterial saturation. 

(Pulse oximeter and calculated SaO2 are inaccurate measures in 
the presence of carbon monoxide.)

• Provide humidifi ed oxygen.
• Consider hyperbaric therapy.

 

Circulation/Perfusion
Blood pressure, heart rate, CVP, and 

pulmonary artery pressures are within 
normal limits.

• Assess vital signs q1h.
• Assess hemodynamic pressures q1h if the patient has pulmonary 

artery catheter.
• Administer intravascular volume as ordered to maintain preload 

(see below).

Temperature is within normal limits. • Monitor temperature q1h.
• Maintain a warm environment, and use warming lights or blankets 

to prevent hypothermia.
• Treat fever with antipyretics and cooling blankets.

Perfusion to extremities is maintained; 
pulses are intact.

• Monitor perfusion using pulse oximetry, Doppler, palpation q1h.
• Elevate burned extremities.
• Prepare for escharotomy or fasciotomy.

 

Fluids/Electrolytes
Restore and maintain fl uid balance.

Urine output 30 to 70 mL/h or 0.5 mL/kg.
CVP, 8 to 12 mm Hg; pulmonary artery 

occlusion pressure (PAOP), 12 to 
18 mm Hg; blood pressure, within 
normal limits; heart rate, less than 
120 beats/min.

• Assess intake and output q1h.
• Give lactated Ringer’s 4 mL/kg/% burn, divided into fi rst 24 hours 

postburn.
• Monitor for spontaneous diuresis, and reduce IV infusion rate as 

indicated.
• Take daily weight.

Electrolyte, mineral, and renal function 
values are within normal limits.

• Monitor and replace minerals and electrolytes.
• Monitor BUN, creatinine, myoglobin, and urine electrolytes and 

glucose.
• Monitor neurological status.
• Monitor and treat dysrhythmias.
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B O X  3 2 - 9 C O L L A B O R A T I V E  C A R E  G U I D E  ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Mobility/Safety
The patient is free of joint contractures. • Provide passive and active range-of-motion exercises q1–2h.

• Apply positioning splints as needed.

The patient is without evidence of 
complications related to immobility.

• Turn and reposition q2h.
• Consider kinetic therapy.
• Consider deep venous thrombosis (DVT) prophylaxis.

There is no evidence of infection. • Maintain strict sterile technique, and monitor technique of others.
• Maintain sterility of invasive catheters and tubes.
• Per hospital protocol, change dressings and invasive catheters. 

Culture wounds, blood, urine, as necessary.
• Monitor SIRS criteria: increased WBC count, increased tempera-

ture, tachypnea, tachycardia.
 

Skin Integrity
Unburned skin is without evidence of skin 

breakdown.
• Assess skin q4h and each time the patient is repositioned.
• Turn q2h.
• Consider pressure relief/reduction mattress.

Burns begin healing without complications. • Treat burns per facility protocol; apply topical medications and 
debride as indicated.

• Monitor skin graft viability.
• Protect grafted areas (eg, bed cradle, dressings).
• Consider air-fl uidized bed to enhance healing and relieve pressure 

from burned surface.
 

Nutrition
Nutritional intake meets calculated 

metabolic need (eg, basal energy 
expenditure equation).

• Provide parenteral or enteral nutrition within 24 hours of injury.
• Consult dietitian for metabolic needs assessment and 

recommendations.
• Monitor protein and calorie intake.
• Monitor albumin, prealbumin, transferrin, cholesterol, triglycer-

ides, glucose.
 

Comfort/Pain Control
The patient will indicate/exhibit adequate 

relief of discomfort/pain.
• Assess pain and discomfort using objective pain scale q4h, PRN, 

and following administration of pain medication.
• Administer analgesics before procedures, and monitor the patient 

response.
• Use nonpharmacological pain management techniques.

 

Psychosocial
The patient demonstrates decreased anxiety. • Assess vital signs during treatments, discussions, and so forth.

• Administer sedatives before treatments/procedures.
• Consult social services, clergy, and so forth as appropriate.
• Provide for adequate rest and sleep.
• Encourage discussion regarding long-term effects of burns, 

 available resources, and coping strategies.
 

Teaching/Discharge Planning
The patient and family understand 

procedures and tests needed for 
treatment.

• Prepare the patient and family for procedures such as debride-
ment, escharotomy, fasciotomy, intubation, and mechanical 
ventilation.
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is important to use sterile technique. Antimicrobial 
creams should be applied to the thickness recom-
mended by the manufacturer and reapplied at the 
necessary frequency to maintain consistent coverage.

RED FLAG! The application of topical antimicrobial 
agents inhibits the rate of wound epithelialization 
and may increase the metabolic rate. Electrolyte 
imbalances (eg, sodium leaching by silver 
nitrate) and acid–base abnormalities may occur. 

Debridement
Eschar covers the burn wound until it is excised 
or has separated spontaneously. It is desirable to 
debride the eschar and perform skin graft closure 
before the eschar becomes infected. However, sys-
temic complications such as hypovolemia or sepsis 
may delay this course of action.

Small burn wounds may be allowed to separate 
on their own if there is no evidence of infection. 
Larger burn wounds may require mechanical or 
chemical debridement. Mechanical debridement 
is accomplished surgically by applying wet-to-dry 
dressings or mechanically scrubbing. In surgical 
debridement, the wound is excised to viable bleed-
ing points while minimizing the loss of viable tissue. 
Surgical excision should be done as soon as the 
patient is hemodynamically stable, usually within 
72 hours. After excision is complete, hemostasis 
is achieved by spraying topical thrombin on the 
wound or applying sponges soaked in a 1:10,000 
epinephrine solution. After removal of necrotic tis-
sue, the exposed underlying structures are dressed 
with a temporary or permanent covering to provide 
protection and prevent infection.

absorption of the drug is unpredictable when admin-
istered intramuscularly. Patient-controlled analge-
sia (PCA) is ideal for patients who are awake and 
suffi ciently oriented to use the pump. Patients are 
also given anxiolytics for anxiety related to appear-
ance, procedures, and fear.

Providing Wound Care
Cleansing
Wound-cleansing protocols vary according to facil-
ity. Most commonly, protocols state that at each 
dressing change, the burn wounds are to be cleansed 
with water and chlorhexidine and observed for signs 
of infection and rate of healing. Many burn centers 
employ hydrotherapy because the warm, fl owing 
water helps to loosen exudates and clean the wound. 
Range-of-motion exercises are also provided as part 
of hydrotherapy. Because hydrotherapy is usually 
painful, patients should receive an analgesic 20 to 
30 minutes before the procedure and small, frequent 
doses throughout as needed. Limiting the duration 
of the procedure to 20 minutes is important for the 
patient’s pain tolerance and to prevent hypothermia.

Application of Topical Antimicrobial Agents
Common antimicrobial agents used in the treat-
ment of burn injuries are summarized in Table 32-2. 
No single agent is totally effective against all burn 
wound infections. The choice of agent depends on 
the wound depth, location, condition, and on the 
presence of specifi c organisms.

Water-soluble topical agents are preferred 
because they do not hold in heat and macerate the 
wound. With the application of any topical agent, it 

TA B L E  3 2 - 2 Topical Antimicrobial Agents Used in the Treatment of Burns

Medication Advantages Disadvantages Nursing Implications

Mafenide acetate Broad-spectrum, penetrates 
eschar within 3 h of 
application

Painful application, acid–base 
imbalances (metabolic 
acidosis)

Apply twice a day, leave open 
to air

Administer Bicitra to correct 
acidosis

Silver nitrate Painless application, broad-
spectrum, rare sensitivity

No eschar penetration, 
discolors wound and 
environmental surfaces, 
must be kept moist

Wet-to-wet dressing with 
nonadherant layer, followed 
by a gauze layer every 24 h

Silver 
sulfadiazene

Painless application, broad-
spectrum, easy application

May cause transient 
leukopenia, minimal eschar 
penetration

Apply a moderate layer and 
wrap in a gauze dressing 
every 12 h

Monitor serial complete blood 
counts (CBCs)

Bacitracin Painless application, 
nonirritating

No eschar penetration, 
antimicrobial spectrum not 
as wide as other agents

Apply a thin layer and 
nonadherant dressing; if used 
on face, leave open to air

Mupirocin Antimicrobial spectrum broader 
than bacitracin

Expensive Apply a thin layer and 
nonadherant dressing; if used 
on face, leave open to air

Neomycin Painless application Antimicrobial spectrum not as 
wide as other agents

Apply a thin layer and 
nonadherant dressing; if used 
on face, leave open to air
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Itching is common as healing occurs. Massaging 
a mild, nonirritating lotion into the healed skin pro-
vides lubrication, aids in range of motion, and pro-
motes circulation.

Providing Psychological Support
Providing psychological support for the patient 
and the family is an important task of the critical 
care nurse. On admission, the patient most often is 
awake, alert, anxious, and overwhelmed by the sud-
denness and magnitude of injuries. Family mem-
bers are also often afraid and anxious. The physical 
appearance of the patient and the high-technology 
atmosphere of the burn unit are overwhelming. 
Preparing the family for the initial visit by explain-
ing what to expect and escorting them to the bedside 
is extremely important.

Weekly meetings of the healthcare team and the 
family to discuss the patient’s care plan, progress, 
and prognosis can be useful. Critically ill patients 
with burns are likely to experience a series of small 
gains combined with intermittent setbacks, and 
this pattern does not stop until the burn wounds 
are closed, which can be 2 to 3 months after injury. 
Although the patient tends to concentrate on the 
present, the family members look to the future and 
want to know what to expect. The nurse provides 
the family with information about the patient’s con-
dition and treatments using an honest and open 
approach.

Rehabilitative Phase
Patients with extensive burns require many months 
for recovery and rehabilitation. Physical and psy-
chological rehabilitation measures are begun in 
the critical care unit and continued throughout the 
recovery period.

Chemical debridement is the application of a pro-
teolytic substance to burn wounds to shorten the 
time of eschar separation. The wound is cleaned and 
debrided of any loose necrotic material; the agent is 
applied directly to the wound bed and covered with 
a layer of fi ne-mesh gauze; a topical antimicrobial 
agent is applied; and the entire area is covered with 
saline-soaked gauze. The dressing is changed two to 
four times per day. Chemical debridement has the 
advantage of eliminating the need for surgical exci-
sion. However, because hypovolemia may occur as 
a result of excessive fl uid loss through the wound, 
burns of more than 20% TBSA should not be treated 
in this manner.

Grafts
The ideal substitute for lost skin is an autograft of 
similar color, texture, and thickness from a close 
location on the body. Sheets of the patient’s epider-
mis and a partial layer of the dermis are harvested 
from unburned locations. These grafts, referred to 
as split-thickness skin grafts, can be applied to the 
wound as a sheet graft or a mesh graft. In a sheet 
graft, the harvested skin is applied to the surgically 
excised area. In a mesh graft, the harvested skin is 
slit and then placed on the burn site. The slits allow 
the skin to expand, providing for greater coverage 
and facilitating draping over uneven surfaces.

Grafts must be inspected frequently to ensure 
that fl uid is not collecting underneath them. Fluid 
accumulation is prevented by rolling a cotton-tipped 
applicator over the graft to express any trapped 
fl uid. Small incisions may be made in a sheet graft 
to allow for improved drainage. After adherence 
has begun, usually after 24 hours, the fl uid may be 
removed with a very small-gauge needle (26-gauge) 
to avoid disrupting the adherence of the graft.

Dressings are used after surgery to immobilize 
the grafted area and prevent shearing and dislodg-
ing of the graft. Postoperative dressings also provide 
compression to minimize hematoma and seroma 
formation, but they may be a source of vascular 
compression in the extremities. Pulse checks dis-
tal to the dressings are documented every 4 hours 
for 24 hours after surgery. The dressings are usu-
ally left in place until the third postoperative day. 
Until that time, the dressings are moistened every 
6 hours with a solution containing normal saline 
and polymyxin. On postoperative day 3, the dress-
ings are removed and the physician evaluates the 
success of the grafting. The grafted area is then 
covered with a nonadherent dressing and a gauze 
layer, which are secured with a gauze roll. All com-
ponents of the dressing are moistened with the 
antibiotic solution.

The donor site is covered during surgery with a 
single layer of fi ne-mesh gauze. The gauze is kept 
dry and in place until separation from the donor 
site begins. Positioning to prevent pressure on 
the site and to allow for drying is important, as is 
daily inspection to detect early signs of infection or 
cellulitis.

C A S E  S T U D Y

Mr. M., 29 years old, was in an industrial fi re 
caused by an indoor explosion at his job. He was 
able to get out of the building unassisted. An ambu-
lance transported Mr. M. to the emergency depart-
ment of the nearest hospital, where he arrived 
45 minutes after the fi re. Mr. M.’s burn is estimated 
to cover 60% of his total-body surface area (TBSA).

Mr. M. is well nourished and in relatively good 
health. He does not use tobacco products or rec-
reational drugs, but he does drink about one case 
of beer per week. He has no signifi cant medical or 
surgical history. There is no hypertension, cardiac 
or renal disease, diabetes, or cancer in his family 
history. The nurse taking Mr. M.’s history notes that 
his voice is hoarse.

Physical assessment reveals burns to the face 
with singed nasal and facial hairs. The presence of 
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carbonaceous sputum is noted in the mouth. Mr. M. 
is also found to have circumferential burns of the 
upper extremities (bilaterally), the anterior torso, 
portions of the posterior torso, and scattered areas 
of the lower extremities (bilaterally). Mr. M. states 
that his usual weight is 154 lb (70 kg).

For airway protection, Mr. M. is intubated, and 
a nasogastric tube is inserted. IV catheters are 
placed in the bilateral upper extremities, and an 
indwelling urinary catheter is inserted. Tetanus 
immunization is given prophylactically. IV analge-
sics are given in small, frequent doses as indicated 
for pain.

The regional burn center is contacted and trans-
port arranged. Mr. M. is wrapped in clean, dry dress-
ings and wool blankets and airlifted. A copy of all 
documentation is sent with him. When Mr. M. arrives 
3 hours after the accident, the healthcare team at 
the burn center confi rms his airway and assesses 
his pulses with a focus on the upper extremities 
secondary to the circumferential burns. Pulses are 
present in all distal extremities but slightly dimin-
ished bilaterally in the upper extremities.

Mr. M.’s initial vital signs are: HR, 144 beats/min; 
BP, 108/58 mm Hg; RR (assisted via the ventilator 
with a set rate), 12 breaths/min; and temp, 96.8°F 
(36.0°C). Breath sounds are auscultated with 
coarse rhonchi. The cardiac monitor demonstrates 
sinus tachycardia without ectopy. An arterial line and 
central line are placed in the left femoral artery and 
vein, respectively. Admission laboratory studies are 
sent. A chest x-ray is taken. Due to his circumferen-
tial burns, distal pulses are assessed at least every 
hour. The upper-extremity pulses are diffi cult to 
palpate and are confi rmed with Doppler ultrasound. 
Bronchoscopy is performed, revealing carbona-
ceous material in the bilateral upper airways with 
reddening throughout; the bilateral lower airways 
appear to be uninjured. A continuous infusion of 
fentanyl and midazolam is given for analgesic relief 
and sedation, with additional dosing as indicated.

When resuscitation is well under way, the Lund–
Browder chart is used to calculate the burn wound 
size; it is found to be 44% TBSA. Full-thickness 
(third-degree) burns account for 36% of the inju-
ries; the texture is leathery, and the surface dry 
with thrombosed vessels. The remaining partial-
thickness burns are reddened, moist, and weeping 
serous fl uid where thin-walled blisters have rup-
tured. Mr. M. reports that these are very painful to 
palpation.

Mr. M.’s initial fl uid requirements are calculated 
using the concensus formula, and determined to be 
3080 mL (385 mL/h) over the fi rst 8 hours (from the 
time of the burn injury), followed by 3080 (193 mL/h) 
over the next 16 hours. It is now 3 hours since the 
time of the burn. Mr. M. had received 750 mL at the 
transferring facility and 350 mL while in transport, 
which means that he needs an additional 1980 mL 
of fl uid to satisfy the requirements for the fi rst 

8 hours from the time of the burn. This amount is 
divided over the remaining 5 hours to determine 
that Mr. M. should receive 396 mL/h. Since the 
placement of the urinary catheter, Mr. M’s urine 
output has been 180 mL (an average of 60 mL/h). 
Although this is currently adequate, it will be closely 
monitored because it has been trending down.

Mr. M. is taken to the shower room, and all 
wounds are manually debrided. The following topi-
cal agents are applied: silver sulfadiazine cream 
to all partial-thickness and full-thickness burns, 
bacitracin ophthalmic around the eyes and bacitra-
cin ointment to the rest of the face, and mafenide 
acetate (Sulfamylon) cream to the ears. A pressure 
relief mattress is ordered to decrease Mr. M.’s risk 
for skin breakdown, with particular concern for the 
occiput, sacrum, and heels. The head of the bed 
is elevated to 30 degrees, and the bilateral upper 
extremities are placed in airplane slings to elevate 
the hands and abduct the axilla.

Selected initial laboratory results are as fol-
lows: Na+, 143 mEq/L; K+, 3.5 mEq/L; chloride, 
107 mEq/L; blood urea nitrogen (BUN), 19.0 mg/
dL; creatinine, 0.9 mg/dL; white blood cell (WBC) 
count, 18,100 cells/mm3; and hematocrit, 47.6%. 
Urine outputs for hours 6 and 7 from the time of 
the burn are 23 and 17 mL, respectively, and the IV 
rate of fl uid administration is increased by 20% to 
475 mL/h.

Nine hours after the burn, Mr. M.’s forearms 
are tight and edematous, and pulses in the upper 
extremities are no longer present per Doppler. 
Fluid resuscitation appears controlled; Mr. M. is 
not hypotensive, with a blood pressure of 112/63 
mm Hg. His heart rate has decreased so that it is 
within the expected range (128 beats/min), and 
his urinary output is adequate (43 mL last hour). 
Escharotomies are performed to the medial and 
lateral aspects of both arms and the dorsum of 
the hands. Pulses are immediately palpable at the 
conclusion of this procedure. A small-bore feeding 
tube is placed, and a nutrient-dense tube feeding is 
started and increased slowly as tolerated.

Albumin 5% is added to Mr. M.’s fl uid resuscita-
tion during the second 24 hours at 39 mL/h (0.3 
mL/70 kg/44% TBSA for 30% to 49% TBSA burn). 
The burn wounds are to be cleansed twice a day 
with 4% chlorhexidine gluconate soap. Alternating 
solutions are applied to all burn wounds except 
the face, with mafenide acetate in the morning and 
silver sulfadiazine in the evening. Mafenide acetate 
is always applied to the ears, with bacitracin to the 
face and bacitracin ophthalmic around the eyes. 
Nursing and rehabilitative personnel provide pas-
sive range of motion to all major joints frequently, 
with particular attentiveness to the hands.

Mr. M. is taken to the operating room on post-
burn day 3 for a full excision and grafting. The 
sheet graft is observed hourly for the fi rst 24 hours 
postoperatively; blebs are rolled to ensure that 
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grafts adhere. After this time, small hematomas are 
aspirated using a tuberculin syringe. Donor sites 
are elevated on leg nets to expose to the air. Heat 
lamps are used at low settings to assist with drying.

Mr. M. is weaned from the ventilator postopera-
tively and extubated the morning of postburn day 
5. Aggressive bronchial hygiene therapy (BHT) is 
initiated to reduce the risk for pneumonia. Mr. M. 
is started on vancomycin for burn wound cellulitis, 
which is stopped after 5 days when resolved. Mr. 
M. is assisted to the bedside chair on postopera-
tive day 5 (postburn day 8), and diet is advanced 
as tolerated. He is assisted to the standing table on 
postoperative day 9 (postburn day 12). When Mr. 
M. is tolerating 50% of his daily caloric needs orally, 
enteral feeds are changed to only night feeds and 
stopped when he is tolerating more than 75%. He 
begins ambulating on postoperative day 11 (post-
burn day 14) and is transferred to the ward.

1. Discuss the clinical rationale for performing pro-
phylactic intubation of Mr. M. before transport, 
versus waiting to see if he develops respiratory 
compromise.

2. How is a neurovascular assessment performed 
in a patient who is intubated?

3. How does the use of alcohol relate to potential 
complications for the fl uid resuscitation of Mr. M.?

4. Discuss the pathophysiological effect of circum-
ferential burns on Mr. M’s peripheral perfusion.

5. Discuss why only the partial-thickness (second-
degree) and full-thickness (third-degree) burns 
are considered, and not the superfi cial (fi rst-
degree) burns, when calculating the TBSA for 
fl uid replacement.

6. Discuss the potential complications of under-
resuscitation and over-resuscitation of patients 
with burns.

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R

Shock and Multisystem Organ 
 Dysfunction Syndrome33

Multisystem Dysfunction

ELEVEN

Based on the content in this chapter, the reader should be able to:

1 Describe common pathophysiological processes involved in the generalized 
shock response.

2 Describe the pathophysiology, assessment, and management of the major 
types of shock.

3 Describe the relationship between sepsis, systemic infl ammatory response 
syndrome (SIRS), severe sepsis, septic shock, and multisystem organ 
dysfunction syndrome (MODS).

O B J E C T I V E S

Shock
Clinical conditions that result in cellular hypoperfu-
sion are often referred to as shock states. Although 
shock states have different causes and different 
presentations, they all share some similar features, 
such as hypoperfusion, hypercoagulability, and acti-
vation of the infl ammatory response. In hypoper-
fused states, the lack of suffi cient oxygen causes the 
cells to convert to anaerobic metabolism. Anaerobic 
metabolism is not an effi cient method of energy 
production, and the adenosine triphosphate (ATP) 
produced is insuffi cient to meet cellular demands. 

Anaerobic metabolism also produces lactic acid as a 
by-product, leading to metabolic acidosis. If oxygen 
continues to be insuffi cient to meet cellular demands 
for energy, cell death ensues. As more cells die, tis-
sues and organs become progressively dysfunctional 
and eventually end-organ failure ensues.

Shock is believed to progress through three 
increasingly severe stages. Although the stages are 
not always easily identifi ed, they identify shock as 
a progressive, rather than a static, process. Timely 
reversal of the shock state prevents development of 
multiple end-organ failure and death—hence the 
phrase “time is tissue.”
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circulatory, and infl ammatory responses are nec-
essary to save the patient’s life.

• Stage 3. In the fi nal, irreversible stage, cellular and 
tissue injury are so severe that the patient’s life is 
not sustainable even if metabolic, circulatory, and 
infl ammatory derangements are corrected. At this 
point, full-blown multisystem organ dysfunction 
syndrome (MODS) may become evident.

RED FLAG! The patient’s clinical presentation 
depends on the cause of the shock state and 
the degree of compensation, but altered level 
of consciousness, tachypnea, tachycardia, 
hypotension, decreased urine output, and 
metabolic  acidosis are commonly seen in all
states of hypoperfusion. 

When treating patients in shock states, the goals 
are to reestablish adequate organ perfusion and oxy-
genation and to lessen the infl ammatory response as 
quickly as possible. Early recognition of the shock 
state and ongoing assessments to evaluate the effec-
tiveness of interventions and identify progression of 

• Stage 1. During states of shock, the body acti-
vates compensatory mechanisms (Fig. 33-1) in 
an effort to maintain circulatory volume, blood 
pressure, and cardiac output. During this initial, 
nonprogressive stage, compensatory mechanisms 
are effective in maintaining relatively normal vital 
signs and cerebral perfusion, and the shock state 
often goes unrecognized. If the cause of the shock 
is successfully treated at this time, the patient may 
make a full recovery.

The Older Patient. Normal physiologic changes 
that occur with aging may limit the body’s ability to 
respond effectively to shock states. 

• Stage 2. In the intermediate, progressive phase, 
compensatory mechanisms begin to fail, meta-
bolic and circulatory derangements become more 
pronounced, and the infl ammatory and immune 
responses may become fully activated. Signs of 
dysfunction in one or more organs may become 
apparent. Interventions that target both the 
cause of the shock and the resulting metabolic, 

Compensatory
mechanisms

Conditions leading
to hypoperfusion

Adrenal Cortex

Renin-angiotensin-
aldosterone mechanism

Heart
Kidney

Blood vessels

Release of 
aldosterone

Decreased baroreceptor
stimulation

Sodium and 
water

retention

Posterior
pituitary Stimulation

of thirst

Hypothalamus

Vasoconstriction
leading to increased 

SVR and blood pressure
and increased venous

return to the heart 
(preload) and increased CO

Mechanisms to maintain 
cardiovascular function

Mechanisms to 
maintain blood volume

Stimulation of 
ADH releaseSNS activation

Increased heart
rate and cardiac

contractility

Decreased 
urine output

Baroreceptors

F I G U R E  3 3 - 1  Compensatory mechanisms. During states of low perfusion (low blood pressure), compensa-
tory mechanisms are initiated and result in increases in heart rate, systemic vascular resistance (SVR), 
preload, and cardiac contractility in an effort to restore appropriate circulatory volume. ADH, antidiuretic 
hormone; CO, cardiac output; SNS, sympathetic nervous system.
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restore an appropriate circulating volume rapidly 
enough, resulting in cellular hypoperfusion, anaero-
bic metabolism, lactic acidosis, and electrolyte and 
acid–base disturbances. The existing blood volume 
is shunted to the vital organs (ie, the heart, lungs, 
and brain), exacerbating the hypoperfusion of other 
organs (eg, the liver, stomach, and kidneys) and put-
ting the patient at risk for organ dysfunction and 
failure. Complications associated with hypovolemic 
shock depend on the length of time and the severity 
of the hypotensive crisis. Complications may range 
from renal damage to cerebral anoxia and death.

Assessment
A thorough history may reveal underlying causes 
of hypovolemic shock (eg, use of nonsteroidal anti-
infl ammatory drugs [NSAIDs], which can cause 
upper gastrointestinal bleeding). Clinical fi ndings 
are related to the severity and acuity of volume loss 
(Table 33-1).

Assessment of serum lactate, arterial pH, and 
base defi cit helps determine the presence of aci-
dosis due to anaerobic metabolism and facilitates 

the shock state are key. Assessments such as gastric 
pH, sublingual end-tidal carbon dioxide (ETCO2), 
and central venous oxygen saturation measurements 
may facilitate earlier recognition of hypoperfusion.

Shock can be classifi ed as hypovolemic, cardio-
genic, or distributive.

Hypovolemic Shock
Hypovolemic shock is a result of inadequate circu-
lating blood volume, which may be caused by sud-
den blood loss, severe dehydration, or injuries that 
cause signifi cant fl uid shifts from the intravascular 
space to the interstitial space (eg, burns).

The Older Patient. Severe dehydration is the most 
common cause of hypovolemic shock in older 
patients.

Pathophysiology
The pathophysiology of hypovolemic shock is sum-
marized in Figure 33-2. Acute fl uid volume loss does 
not allow the normal compensatory mechanisms to 

Risk factors:

Fluid loss, hemorrhage, trauma, burns,
dehydration, diarrhea

Decreased blood volume

Cellular inflammation
leading to increased capillary 
permeability and movement of 

fluid from ICS to ECS

Progressive acidosis and
cell and tissue death

Renal compensation to 
conserve volume leading to

failure 

Heart failure due to SNS 
stimulation

Decreased venous return

Decreased CO

Decreased tissue 
perfusion

Decreased BP, increased 
HR, increased SVR, 

increased RR

Decreased tissue
oxygenation

Cell and tissue death

F I G U R E  3 3 - 2  Pathophysiology of hypovolemic shock. BP, blood pressure; CO, cardiac output; ECS, extracel-
lular space; HR, heart rate; ICS, intracellular space; RR, respiratory rate; SNS, sympathetic nervous system; 
SVR, systemic vascular resistance.
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RED FLAG! Factors associated with the development 
of cardiogenic shock include advanced age, left 
ventricular ejection fraction less than 35%, large 
anterior wall myocardial infarction, history of diabetes 
mellitus, and previous myocardial infarction. Patients 
with all fi ve of these risk factors have a greater than 
50% chance of developing cardiogenic shock.

Pathophysiology
The pathophysiology of cardiogenic shock is shown 
in Figure 33-3. Loss of ventricular contractility 
decreases stroke volume and cardiac output. In 
response to the decreased cardiac output, neuroen-
docrine compensatory mechanisms (see Fig. 33-1, 
p. 458) are activated, increasing preload through 
retention of sodium and water and afterload (systemic 
vascular resistance [SVR]) through vasoconstriction. 

monitoring the effectiveness of fl uid replacement 
therapy. In the presence of metabolic acidosis, lac-
tic acid levels are increased and the base defi cit 
becomes greater. A normalization of the base defi -
cit is a good indicator of improvement of metabolic 
acidosis and tissue perfusion. Serial hemoglobin 
and hematocrit and coagulation panels are used 
to assess the need for blood product replacement. 
However, for several reasons (eg, delayed decrease 
in the hematocrit following acute blood loss, hemo-
concentration caused by dehydration, or hemodilu-
tion caused by IV fl uid therapy), the hemoglobin 
and hematocrit may not directly refl ect the severity 
of blood loss.

Management
Management of hypovolemic shock focuses on 
resolving the cause of volume loss and restoring 
circulating volume through volume administra-
tion. Ideally, a large-bore (16-gauge or larger) IV 
catheter is used for the rapid infusion of fl uids. 
Fluids are warmed during infusion to limit the neg-
ative effects of hypothermia. Isotonic crystalloid 
solutions (eg, lactated Ringer’s solution, 0.9% nor-
mal saline) are used primarily as fi rst-line therapy. 
Blood products and other colloid solutions (albu-
min and synthetic volume expanders) may be used 
to assist in the resuscitation process, especially 
if blood loss is the primary cause. Complications 
associated with fl uid resuscitation are given in 
Table 33-2.

Cardiogenic Shock
Cardiogenic shock, which results from loss of con-
tractility of the heart, is an extreme form of heart 
failure. The most common cause of cardiogenic 
shock is extensive left ventricular damage from 
myocardial infarction. Other causes of cardiogenic 
shock include papillary muscle rupture, ventricular 
septal rupture, cardiomyopathy, acute myocarditis, 
valvular disease, and dysrrhythmias.

TA B L E  3 3 - 1 Clinical Findings in Hypovolemic Shock

Estimated 
Blood Loss Tachycardia Hypotension Urine Output Pulses Hemodynamics

500–1,000 mL ↑ HR > 20% 
patient’s 
baseline

↓ SBP > 10% 
patient’s baseline

Decreased Weaker Within normal limits 
CO, ↑ SVR

1,000–2,000 mL ↑ HR > 20%–30% 
patient’s 
baseline

↓ SBP > 10%–20% 
patient’s baseline

Decreased 
(< 30 mL/hr)

Poor 
peripheral 
pulses

↓ CO, ↑ SVR

2,000–3,000 mL ↑ HR > 20%–30% 
patient’s 
baseline

↓ SBP > 10%–20% 
patient’s baseline

Oliguria → 
anuria

Poor 
peripheral 
pulses

↓ CO, ↑ SVR

SBP, systolic blood pressure; SVR, systemic vascular resistance; CO, cardiac output; RR, respirations; HR, heart rate.

TA B L E  3 3 - 2 Complications Associated with 
Volume Resuscitation

Fluid Type Potential Complications

Crystalloid and 
colloid

Dilutional coagulopathy
Dilutional thrombocytopenia
Hypothermia
Increased hemorrhage
Decreased blood viscosity
Pulmonary edema
Intracranial hypertension (in patients 

with traumatic brain injury)
Packed red blood 

cells (PRBCs)
Acidosis (pH of banked blood is 

6.9–7.1)
Left shift on the oxyhemoglobin 

dissociation curve (banked 
blood is defi cient in 2,3-DPG, 
causing an increased affi nity of 
hemoglobin for oxygen)

Hyperkalemia
Immunologic and infectious 

complications
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Acidosis Skin Tachypnea Oxygen Saturation SvO2

Level of 
Consciousness

Mild Cool to touch … … … …

Progressive Cool, 
diaphoretic

↑ RR > 10% 
patient’s 
baseline

May not be altered depending 
on percentage of 
exogenous O2 patient is 
receiving

< 60% Restlessness, 
agitation, 
confusion, 
obtunded

Severe Cold, pallor ↑ RR > 10%–20% 
patient’s 
baseline

Decreased <55%–60% Stuporous

Myocardial injury

Decreased contractile force

Decreased CO

Compensatory
mechanisms:

Increased HR, 
preload, SVR

Increased myocardial 
ischemia

Decreased coronary 
artery blood flow

Increased ventricular 
filling pressure with 
ventricular dilation

Increased myocardial
demand for oxygen 

and workload

F I G U R E  3 3 - 3  Pathophysiology of cardio-
genic shock. CO, cardiac output; HR, heart 
rate; SVR, systemic vascular resistance.

These compensatory mechanisms further impair 
cardiac output, exacerbating the problem.

Assessment
Cardiogenic shock commonly develops within a few 
hours after the onset of myocardial infarction symp-
toms; therefore, patients admitted with a diagnosis 
of myocardial infarction require close monitoring. 
Hallmarks of cardiogenic shock are progressive 
hemodynamic compromise and clinical deteriora-
tion (Box 33-1).

Management
The goals of patient management for cardiogenic 
shock are to optimize cardiac output and decrease 
left ventricular workload.

Optimizing Cardiac Output
Careful monitoring and interpretation of hemody-
namic parameters is necessary to achieve the goal of 
optimizing cardiac output. Optimal fi lling pressures 
assist in restoring cardiac output but must be attained 
cautiously. In general, a preload (left ventricular end-
diastolic pressure [LVEDP]) of 14 to 18 mm Hg should 
be maintained. If the left ventricular fi lling pressure is 
too low, fl uids may be used to optimize cardiac out-
put; if it is too high, diuresis may be necessary.

Pharmacological agents (Table 33-3) can be used 
to augment cardiac output by increasing contrac-
tility, but they, too, must be used cautiously. Many 
agents can increase cardiac output but have an 
appreciable effect on myocardial oxygen demand.

Dysrhythmias often occur with acute myocar-
dial infarction, ischemia, or acid–base imbalances 
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B O X  3 3 - 1   Clinical Manifestations of Cardiogenic Shock

Hemodynamic Findings
• Systolic blood pressure less than 90 mm Hg
• Mean arterial pressure (MAP) less than 70 mm Hg
• Cardiac index less than 2.2 L/min/m2

• Pulmonary artery occlusion pressure (PAOP) greater 
than 18 mm Hg

History and Physical Examination Findings
• Thready, rapid pulse
• Narrow pulse pressure
• Distended neck veins
• Dyspnea
• Increased respiratory rate
• Inspiratory crackles, possible wheezing
• Dysrhythmias

• Chest pain
• Cool, pale, moist skin
• Oliguria
• Decreased mentation

Laboratory Findings
• Decreased arterial oxygen saturation (PaO2)
• Respiratory alkalosis
• Elevated myocardial tissue markers, such as creatine 

kinase (CK-MB), cardiac troponin, and brain-type 
natriuretic peptide (BNP)

Radiographic Findings
• Enlarged heart
• Pulmonary congestion

TA B L E  3 3 - 3 Medications Used in the Treatment of Shocka

Drug Category Heart Rate Contractility
Systemic Venous 
Resistance Nursing Implications

Vasoconstrictors

Dopamine (Intropin) ↑ ↑↑ ↑ Hemodynamic effects are dose dependent
Epinephrine 

(Adrenaline)
↑↑ ↑↑ ↑ May induce ventricular dysrhythmias

May increase myocardial oxygen demands
β2 Activity may dilate peripheral beds

Norepinephrine 
(levarterenol 
[Levophed])

↑ ↑ ↑↑↑ Monitor peripheral circulation and urine 
output closely; may increase myocardial 
oxygen demands

Phenylephrine 
(Neosynephrine)

↑↑ May induce dysrhythmias

Vasopressin 
(Pitressin)

↑ ↑↑ Monitor peripheral circulation closely; may 
increase myocardial oxygen demands

Vasodilators

Sodium 
nitroprusside 
(Nipride)

↑ ↓↓ Hemodynamic effects are dose dependent; 
adjust dosage slowly

Nitroglycerine 
(Tridil)

↑ ↓ Hemodynamic effects are dose dependent; 
adjust dosage slowly; tolerance may 
develop

Angiotensin-
converting 
enzyme (ACE) 
inhibitors

↑ ↓ Initial dose may be less than goal dose to 
prevent hypotension

Inotropic Agents

Amrinone (Inocor) ↑ ↑ ↓ May exacerbate myocardial oxygen 
demands

Milrinone 
(Primacor)

↑ ↑↑ ↓ May exacerbate myocardial oxygen 
demands

Monitor for tachyarrhythmias
Dobutamine 

(Dobutrex)
↑ ↑↑ ↓ May exacerbate myocardial oxygen 

demands
Monitor for tachyarrhythmias

aAll agents should be administered through a great vein (central access) using a volumetric pump.
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anaphylaxis in humans (Box 33-2). Anaphylaxis 
may be either immunoglobulin E (IgE)– or non–IgE 
mediated:

• IgE-mediated anaphylaxis occurs as a result of 
the immune response to a specifi c antigen. The 
fi rst time the immune system is exposed to the 
antigen, a very specifi c IgE antibody is formed and 
circulates in the blood. When a second exposure 
to this antigen occurs, the antigen binds to this 
circulating IgE, which then activates the immune 
system, triggering the release of chemical media-
tors that initiate anaphylaxis.

• Non-IgE responses (anaphylactoid reactions) 
occur without the presence of IgE antibodies, and 
can occur the fi rst time the person is exposed to 
the antigen. Direct activation of mediators causes 
this response. Anaphylactoid reactions are com-
monly associated with NSAIDs, including aspirin.

The antibody–antigen reaction causes the white 
blood cells (WBCs) to secrete chemical mediators 
that cause systemic vasodilation, increased capil-
lary permeability, bronchoconstriction, coronary 
vasoconstriction, and urticaria (hives). The diffuse 
arterial vasodilation causes maldistribution of blood 
volume to tissues, and venous dilation decreases pre-
load, thus decreasing cardiac output. Increased cap-
illary permeability leads to loss of vascular volume, 
further decreasing cardiac output and subsequently 
impairing tissue perfusion. Death due to circulatory 
collapse or extreme bronchoconstriction (resulting in 
loss of airway) may occur within minutes or hours.

RED FLAG! Initial symptoms of anaphylaxis 
include generalized erythema, itching, urticaria, 
and diffi culty breathing due to bronchoconstriction. 
The earlier the symptoms of anaphylaxis appear 
after exposure to the antigen, the more severe the 
response. 

Assessment
A thorough history of allergies is used to avoid known 
allergens and is the best way to prevent anaphylactic 

B O X  3 3 - 2   Agents Commonly Implicated in 
Anaphylactic and Anaphylactoid 
Reactions

• Foods (eg, eggs, shellfi sh, milk, nuts, legumes)
• Medications (eg, antibiotics, anti-infl ammatory 

agents, narcotic analgesics)
• Anesthetics and anesthetic adjuncts
• Blood products
• Radiocontrast agents
• Venoms and antivenoms
• Hormones (eg, insulin, corticotropin, pituitary 

extract)
• Enzymes and other biologicals (eg, pancreatic 

enzyme supplements)
• Latex

and can further decrease cardiac output. Correction 
with antidysrhythmic agents, cardioversion, or pac-
ing can help to restore a stable heart rhythm and 
enhance cardiac output. Potassium, calcium, and 
magnesium may need to be replaced to provide opti-
mal conditions for the damaged myocardial muscle.

Decreasing Left Ventricular Workload
Management of cardiogenic shock also focuses on 
conserving myocardial energy and decreasing the 
demands on the heart. Decreasing left ventricular 
workload can be accomplished in a variety of ways:

• Pharmacotherapy. Vasodilators may be admin-
istered to reduce SVR and LVEDP. Narcotic anal-
gesics and sedatives may also be used to decrease 
myocardial oxygen demand.

• Mechanical support devices, such as an intra-
aortic balloon pump (IABP) or left ventricular 
assist device, supplement the heart’s ability to 
pump, reducing workload.

• Mechanical ventilation may be necessary to 
increase oxygen saturation, improving oxygen 
delivery to the tissues.

• Scheduling physical care to ensure periods of 
rest also helps to minimize myocardial energy 
expenditure.

Distributive Shock
The mechanism underlying all distributive shock 
states is vasodilation that causes decreased venous 
return. Distributive shock states include neurogenic 
shock, anaphylactic shock, and septic shock. In 
neurogenic shock, vasodilation results from a loss 
of sympathetic innervation to the blood vessels. In 
both anaphylactic shock and septic shock, vasodila-
tion results from the presence of vasodilating sub-
stances in the blood.

Neurogenic Shock
Neurogenic shock results from loss or disruption 
of sympathetic tone, most often due to severe cer-
vical or upper thoracic spinal cord injury. Because 
the sympathetic system is impaired, signs and 
symptoms of neurogenic shock are indicative of 
parasympathetic stimulation and include hypoten-
sion, severe bradycardia, and warm, dry skin. Initial 
management includes volume resuscitation to refi ll 
the vascular space with fl uids. If the patient remains 
hypotensive despite the fl uid resuscitation, then 
vasoconstrictors may be used. Typically, the brady-
cardia does not need to be treated. If the patient is 
symptomatic due to the bradycardia, external pac-
ing may be used.

Anaphylactic Shock
Anaphylaxis is an allergic reaction to a specifi c aller-
gen that evokes a life-threatening hypersensitivity 
response. Many different antigens (ie, substances that 
elicit the allergic response) are capable of evoking 
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shock. Anaphylactic shock may occur without any 
known predisposing factors. Clinical manifestations 
of anaphylaxis are summarized in Box 33-3.

Management
Early recognition of anaphylaxis and prompt 
intervention is critical. Therapeutic goals include 
removal of the offending antigen, reversal of the 
effects of chemical mediators, and restoration of 
adequate tissue perfusion. Regardless of the cause 
of the anaphylactic reaction, treatment depends on 
clinical symptoms. If the symptoms are mild, imme-
diate therapy includes oxygen; subcutaneous or IV 
administration of an antihistamine to block the 
effects of histamine; and possibly an epinephrine 
injection to reverse the vasodilation and broncho-
constriction (Box 33-4).1 More severe reactions may 
also require the administration of corticosteroids, 

B O X  3 3 - 3   Clinical Manifestations of 
Anaphylaxis

Early Clinical Manifestations
• Generalized erythema
• Urticaria
• Pruritus
• Anxiety and restlessness
• Dyspnea
• Wheezing
• Chest tightness
• Feeling of warmth
• Nausea and vomiting
• Angioedema
• Abdominal pain

Later Clinical Manifestations
• Stridor
• Laryngeal edema
• Severe bronchoconstriction with stridor
• Hypotension leading to circulatory collapse
• Deterioration of level of consciousness to 

unresponsiveness

bronchodilators, or both. In some cases, intuba-
tion and mechanical ventilation are required. If the 
patient is experiencing circulatory collapse, vaso-
constrictors and positive inotropic agents may be 
administered.

Other nursing priorities include monitoring the 
patient’s response to the treatment and provid-
ing care to relieve dermatological manifestations. 
Once the immediate crisis is resolved, if the agent 
causing the anaphylaxis is unknown, the patient 
should be evaluated for allergies and future risk for 
anaphylaxis.

Septic Shock
Sepsis, SIRS, severe sepsis, septic shock, and 
MODS represent progressive stages of the septic 
process (Box 33-5). Sepsis is initiated by an infec-
tion, which may be caused by gram-negative or 
gram-positive bacteria, fungi, or viruses. In many 
patients, there are multiple causative organisms. 
Both host factors and treatment-related factors put 
patients at risk for developing sepsis and associated 

B O X  3 3 - 4   Epinephrine Dosage in Anaphylaxis 
(Adults)

If IV Access is Not Available:
• Epinephrine, 0.01 mg/kg (maximum, 0.5 mg) IM into 

anterolateral thigh (absorption is greatest here)
• Proceed to obtain IV access.

If IV Access is Available:
• Administer epinephrine, 1 mg in 100 mL (10 μg/mL; 

1:100,000) IV by infusion pump.
• Initiate infusion at 30 to 100 mL/h (5 to 17 μg/min) 

and titrate to response aiming for lowest effective 
infusion rate.

• Stop infusion 30 minutes after signs and symptoms 
have resolved.

B O X  3 3 - 5   Sepsis and Other Associated 
Clinical Conditions

Sepsis: The systemic response to known infection, 
manifested by two or more of the following conditions 
as a result of infection:

• Temperature greater than 100.4°F (38°C) or less than 
96.8°F (36°C)

• Heart rate greater than 90 beats/min
• Respiratory rate greater than 20 breaths/min or 

 arterial carbon dioxide tension PaCO2 less than 
32 mm Hg

• White blood cell (WBC) count greater than 12,000 
cells/mm3 or less than 4000 cells/mm3 OR more than 
10% immature (band) forms

Systemic infl ammatory response syndrome (SIRS): 
The systemic infl ammatory response to a severe 
clinical insult, manifested by the same clinical crite-
ria as sepsis

Severe sepsis: Sepsis associated with organ dysfunc-
tion, hypoperfusion and/or hypotension; clinical 
manifestations of hypoperfusion may include, but 
are not limited to, lactic acidosis, oliguria, or an 
acute alteration in mental status

Septic shock: Sepsis with hypotension, despite ade-
quate resuscitation

Multisystem organ dysfunction syndrome (MODS): 
Presence of altered organ function in an acutely ill 
patient such that homeostasis cannot be maintained 
without intervention

Defi nitions developed by the Consensus Conferences of the Society 
of Critical Care Medicine and the American College of Chest 
Physicians. Adapted from Levy MM: Defi nitions of sepsis revisited: 
Results of the SSSM/ESICM/ACCP/ATS consensus conference. 
In Levy MM, Vincent JL (eds): Sepsis: Pathophysiologic Insights 
and Current Management. Chicago, IL: Society of Critical Care 
Medicine, 2003, pp 39–42.
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conditions (Box 33-6). Because mortality from 
sepsis and related conditions is so high, preven-
tive infection control measures (eg, adherence to 
aseptic techniques, thorough handwashing) are 
imperative.

Pathophysiology
Septic shock occurs as a result of the complex inter-
actions among invading microorganisms and the 
immune system, the infl ammatory system, and the 
coagulation system.2 In response to the presence of 
microorganisms, proinfl ammatory cytokines such 
as tumor necrosis factor (TNF) are released. These 
proinfl ammatory cytokines activate the immune 
response, complement system, and coagulation 
system. The activated WBCs release mediators that 
cause endothelial cells to lose their tight junctions, 
resulting in increased vascular permeability and 
causing protein-rich fl uid to move from the vascu-
lar space into the interstitial space. To balance the 
proinfl ammatory response, anti-infl ammatory cyto-
kines (eg, interleukin-10, protein C) are released. 
But in some patients, these anti-infl ammatory cyto-
kines fail to shut down or control the proinfl amma-
tory cytokines, and an “out of control” infl ammatory 
response occurs.

• Cardiovascular alterations in septic shock 
include vasodilation, maldistribution of blood 
fl ow, and myocardial depression. Proinfl ammatory 
cytokines stimulate the release of nitric oxide (a 
potent vasodilator) from endothelial cells, result-
ing in widespread vasodilation that is often 
resistant to vasopressor agents.3 Other infl amma-
tory mediators cause vasoconstriction in some 
vascular beds, resulting in mixed vasodilation 

and vasoconstriction and producing a maldis-
tribution of blood fl ow in the microcirculation. 
Myocardial depression is caused by myocardial 
depressant factors released as part of the infl am-
matory cascade and the release of nitric oxide. 
Lactic acidosis, which decreases myocardial 
responsiveness to catecholamines, may also be 
partly responsible. Myocardial depression results 
in a decreased ventricular ejection fraction, dila-
tion of the ventricles, and volume overload after 
fl uid resuscitation.4

• Pulmonary alterations. Activation of the infl am-
matory response and its mediators affects the lungs 
both directly and indirectly. Infl ammatory media-
tors and activated neutrophils cause capillary 
leakage into the pulmonary interstitium, resulting 
in interstitial edema, areas of poor pulmonary per-
fusion (shunting), pulmonary hypertension, and 
increased respiratory work (ie, acute respiratory 
distress syndrome [ARDS]). As fl uid collects in the 
interstitium, pulmonary compliance is reduced, 
gas exchange is impaired, and hypoxemia occurs.

• Hematologic alterations. The proinfl ammatory 
cytokine TNF activates the coagulation system, 
inducing clotting in the microcirculation (ie, dis-
seminated intravascular coagulation [DIC]). DIC, 
described in more detail in Chapter 29, is a con-
sumptive coagulopathy— the patient clots fi rst, 
consumes all of his or her clotting factors, and 
then bleeds.

As septic shock progresses and organ hypoperfusion 
persists, the organs begin to fail, putting the patient 
at risk for developing MODS.

Assessment
Some of the earliest signs of septic shock include 
changes in mental status (eg, confusion, agitation), 
an increased respiratory rate (as compensation for 
the metabolic acidosis), and either hyper- or hypo-
thermia. Early diagnosis of sepsis is typically made 
on the basis of sepsis/SIRS criteria (see Box 33-5). 
Box 33-7 summarizes laboratory and diagnostic 
studies that are commonly ordered in the evaluation 
of sepsis states.

Management
Septic shock requires prompt, aggressive, goal-
directed treatment and monitoring. Initiating ther-
apy within the fi rst 6 hours and establishing specifi c 
hemodynamic goals for resuscitation have been 
shown to slow the decompensation of patients in a 
septic state and decrease the risk for cardiovascular 
collapse.5

Identifying and Treating Infection. Before the 
causal organism has been identifi ed by the culture 
results, empiric broad-spectrum antibiotic therapy 
is initiated, usually with multiple antibiotics pro-
viding coverage against gram-negative and gram-
positive bacteria and anaerobes. However, once 
the infectious organism has been isolated, antibi-
otic therapy is changed to specifi c antibiotics that 

B O X  3 3 - 6   Risk Factors for Developing Sepsis 
and Associated Conditions

Host Factors
• Very young or very old age
• Chronic illness
• Malnutrition
• Debilitation
• Drug or alcohol abuse
• Neutropenia
• Splenectomy
• Wounds
• Multiple organ failure

Treatment-Related Factors
• Indwelling medical devices (eg, intravascular cath-

eters, endotracheal/tracheostomy tubes, indwelling 
urinary catheters, surgical wound drains, intracra-
nial monitoring devices and catheters, orthopedic 
hardware, nasogastric tubes, gastrointestinal tubes)

• Surgery
• Invasive diagnostic procedures
• Medications (eg, antibiotics, cytotoxic agents, 

steroids)
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are effective against that organism to minimize the 
development of antibiotic resistance.

Providing Supportive Care. Aspects of support-
ive care include the following:

• Restoring intravascular volume. Adequate vol-
ume replacement is important for reversing hypo-
tension, hypoperfusion, or both. Patients may 
require several liters or more of fl uid because of 
mediator-induced vasodilation and capillary leak. 
Fluid replacement is guided by hemodynamic 
parameters, urine output, and indicators of meta-
bolic acidosis (ETCO2, base defi cit, and lactic acid 
levels).6

• Maintaining adequate cardiac output. In the 
early phase of septic shock, cardiac output may 
be elevated due to decreased SVR (as a result of 
vasodilation). However, because of the increase in 
oxygen demand and the cell’s inability to use the 
oxygen, cardiac output is not adequate to main-
tain tissue oxygenation and perfusion. In addition, 
as septic shock progresses, cardiac output may 
begin to decrease because of cardiac dysfunction. 
If adequate volume replacement does not improve 
tissue perfusion, vasoactive drugs are adminis-
tered to support circulation.

• Ensuring adequate ventilation and oxygen-
ation. Maintaining a patent airway, augmenting 

B O X  3 3 - 7   Laboratory and Diagnostic Studies 
Ordered in the Assessment of 
Sepsis States

• Cultures (blood, sputum, urine, surgical or nonsur-
gical wounds, sinuses, and invasive lines): Positive 
results are not necessary for diagnosis.

• Complete blood count (CBC): White blood cells 
(WBCs) are usually elevated and may decrease with 
progression of shock.

• Sequential multiple analysis-7 (SMA-7): 
Hyperglycemia may be evident, followed by hypogly-
cemia in later stages.

• Arterial blood gases (ABGs): Metabolic acidosis 
with possibly compensating respiratory alkalosis 
(PaCO

2 less than 35 mm Hg) is present in sepsis, 
with hypoxemia (PaO2 less than 80 mm Hg).

• Lactate level and base defi cit: Elevated levels 
indicate inadequate perfusion and anaerobic 
metabolism.

• End-tidal carbon dioxide (ETCO2) monitoring: 
May detect early indications of inadequate regional 
and global tissue perfusion.

• Pulmonary artery catheterization with mixed 
venous oxygen (SvO2) monitoring: Assists in the 
assessment of oxygen delivery and consumption.

• Computed tomography (CT): May identify sites of 
potential abscesses.

• Chest and abdominal radiography: May reveal 
infectious processes.

EVIDENCE-BASED PRACTICE GUIDELINES
Severe Sepsis Recognition and 
Resuscitation

PROBLEM: Severe sepsis is associated with an extremely 
high mortality rate (30% to 60%) and is the leading cause 
of death in noncoronary critical care units. Prompt recogni-
tion and intervention can improve patient survival.

EVIDENCE-BASED PRACTICE GUIDELINES

1. Assess all patients and immediately notify the physician 
when a patient presents with clinical fi ndings suggestive 
of sepsis.

2. Obtain serum lactate measurements. Hyperlactatemia 
is defi ned as a lactic acid level greater than 4 mmol/L. 
(level D)

3. Obtain blood cultures and cultures from all potential 
sites of infection prior to initiating broad-spectrum anti-
biotic therapy and within 1 hour of sepsis diagnosis. 
(level D)

4. Evaluate for and remove potential sources of infection 
(eg, obviously infected invasive devices). (level D)

5. Maintain the following therapeutic end points during 
resuscitation: mean arterial pressure (MAP), greater than 
65 mm Hg; central venous pressure (CVP), 8 to 12 mm 
Hg; central venous or mixed venous oxygen saturation, 
greater than 70%. (level D)
a. Administer fl uids to attain a CVP of 8 to 12 mm Hg (or 

greater than or equal to12 mm Hg if the patient is on a 
ventilator). (level D)

b. Administer vasopressors if necessary to achieve an 
MAP of 65 mm Hg if fl uid replacement is not success-
ful. (level D)

c. If venous oxygen saturation goal is not attained, con-
sider additional fl uids, blood transfusion, dobutamine 
administration, or all three. (level D)

6. Maintain blood glucose levels at less than 150 mg/dL. 
(level D)

KEY

Level A: Meta-analysis of quantitative studies or metasynthesis of 
qualitative studies with results that consistently support a specifi c 
action, intervention, or treatment

Level B: Well-designed, controlled studies with results that consis-
tently support a specifi c action, intervention, or treatment

Level C: Qualitative studies, descriptive or correlational studies, 
integrative review, systematic reviews, or randomized controlled 
trials with inconsistent results

Level D: Peer-reviewed professional organizational standards with 
clinical studies to support recommendations

Level E: Multiple case reports, theory-based evidence from expert 
opinions, or peer-reviewed professional organizational standards 
without clinical studies to support recommendations

Level M: Manufacturer’s recommendations only

 ■ Adapted from American Association of Critical-Care Nurses (AACN) 
 Practice Alert, revised 04/2010.

Morton_Chap33.indd   466Morton_Chap33.indd   466 2/4/2012   3:45:52 PM2/4/2012   3:45:52 PM



Shock and Multisystem Organ  Dysfunction Syndrome C H A P T E R  3 3 467

ventilation, and ensuring adequate oxygenation in 
the patient with septic shock usually requires endo-
tracheal intubation and mechanical ventilation.

• Providing nutritional support. Supplemental 
nutrition is required to prevent malnutrition and 
to optimize cellular function. Enteral nutrition is 
the preferred route of nutritional support because 
it maintains the integrity of the gastrointestinal 
tract, decreases infection, and decreases mortal-
ity in patients with a septic or hypotensive event.8 
If the patient cannot tolerate enteral feeding, total 
parenteral nutrition (TPN) may be necessary, but 
ideally, a small amount of enteral nutrition can 
still be delivered.

Multisystem Organ Dysfunction 
Syndrome
MODS, an end point on the continuum of shock, 
is the progressive physiological failure of several 
organ systems in an acutely ill patient, such that 
homeostasis cannot be maintained without inter-
vention.9 No organ is independent of any other; 
therefore, failure of one organ makes the failure 
of a second or third organ more likely. The more 
organ systems are involved, the higher the mortal-
ity rate.

Pathophysiology
Although septic shock is a common precursor to 
MODS, any severe illness or injury that causes a 
systemic infl ammatory response (ie, SIRS) can 
lead to MODS. The pathophysiology of MODS is 
similar to that of sepsis and SIRS, in that underly-
ing mechanisms include endothelial injury, infl am-
matory mediators, disturbed hemostasis, and 
microcirculatory failure.9 Tissue hypoxia caused by 
microvascular thromboses probably also contrib-
utes to MODS.

Typically, the fi rst organs to manifest signs of dys-
function are the lungs and kidneys. If the shock state 
persists, eventually all vital organs fail, and death 
occurs.

• Pulmonary dysfunction. The lungs are particu-
larly vulnerable to failure because the leaky capil-
laries create interstitial pulmonary edema, which 
impairs pulmonary gas exchange and can lead to 
the development of ARDS.

• Renal dysfunction occurs secondary to prolonged 
ischemia of the renal tubular cells.

• Liver dysfunction eventually results in hepatic 
failure. Hepatic failure affects multiple body sys-
tems because the liver performs so many func-
tions, including detoxifi cation of the blood and 
synthesis of albumin and clotting factors.

TA B L E  3 3 - 4 Sepsis-Related Organ Failure Assessment (SOFA) Scoring System

SOFA Score

Organ System 1 2 3 4

Respiration
Partial pressure of 

oxygen/fraction 
of inspired 
oxygen (mm Hg)

Less than 400 Less than 300 Less than 200 with 
respiratory support

Less than 100

Coagulation
Platelets (×103/mm3) Less than 150 Less than 100 Less than 50 Less than 20

Hepatic (Liver)
Bilirubin (mg/dL) 1.2–1.9 2.0–5.9 6.0–11.9 Greater than 12

Cardiovascular
Hypotension MAP less than 

70 mm Hg
Dopamine less than or 

equal to 5 μg/kg/min 
or dobutamine any 
dose

Dopamine greater than 
5 μg/kg/min or 
epinephrine less than or 
equal to 0.1 μg/min or 
norepinephrine less than 
or equal to 0.1 μg/min

Dopamine greater than 
15 μg/kg/min or 
epinephrine greater 
than 0.1 μg/min 
or norepinephrine 
greater than 
0.1 μg/min

Central Nervous System
Glasgow Coma 

Scale score
13–14 10–12 6–9 Less than 6

Renal
Creatinine (mg/dL) 

or urine output
1.2–1.9 2.0–3.4 3.5–4.9 or less than 500 

mL/d
Greater than 5.0 or less 

than 200 mL/d

The SOFA system is used to assess patients with multiple organ failure daily. Each organ system is graded 
from 0 (normal) to 4 (the most abnormal), resulting in a score ranging from 0 to 24. MAP, mean arterial 
pressure.
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• Cardiovascular dysfunction includes abnormali-
ties of cardiac output (dysrhythmias, myocar-
dial depression) as well as abnormalities in the 
peripheral vascular system, including hypotension 
unresponsive to fl uid administration, increased 
capillary permeability, edema, and maldistribu-
tion of blood fl ow.

• Hematologic dysfunction. The most common 
hematologic dysfunction is DIC.

• Neurologic dysfunction may occur secondary 
to poor cerebral perfusion and is manifested as 
altered levels of consciousness, confusion, and 
psychosis.

Assessment
Assessment focuses on identifying SIRS and signs 
and symptoms of organ failure. Multiple scoring 
systems exist to determine the extent of MODS, 
including the sepsis-related organ failure assess-
ment (SOFA) system (Table 33-4),10 the acute physi-
ology and chronic health evaluation (APACHE) 
system,11 and the mortality probability models 
(MPM) system.12

Management
Early recognition and management of MODS is 
essential. Treatment is supportive and directed at 
specifi c organ systems.

C A S E  S T U D Y

Mr. B., a 63-year-old man, is brought to the 
emergency department in an ambulance after 
being struck by a car at a local shopping center. 
He has suffered no loss of consciousness, and 
the car was reported to be traveling at a slow 
speed. His past medical history is signifi cant for 
chronic obstructive pulmonary disease (COPD) 
and a cholecystectomy 5 years ago. Home medi-
cations include an albuterol/ipratropium bromide 
(Combivent) inhaler. He currently works as a secu-
rity offi cer at a local high school and lives with his 
wife. He drinks 1 to 2 beers per week, has smoked 
one pack of cigarettes per day for the past 30 years, 
and denies illicit drug use.

On physical examination, Mr. B. is pale and dia-
phoretic, with diminished pulses in his feet (capil-
lary refi ll of 4 seconds). His pelvis is found to be 
unstable on palpation, and he complains of pain 
in his pelvis that he rates as a 7/10. Although he 
is conscious, he is confused to place and time. 
Two 18-gauge IV lines are started in the bilateral 
 antecubital sites. A fl uid bolus of 2 L of lactated 
Ringer’s solution is administered. Vital signs on 
admission are: temperature, 97.5°F (36.4°C); 
RR, 24 breaths/min; HR, 156 beats/min; and BP, 

78/42 mm Hg. A Foley catheter is inserted, and 
18 mL of concentrated urine is obtained. Laboratory 
values are: hemoglobin, 7.3 g/dL; hematocrit, 
23.7%; white blood cell (WBC) count, 6.8 cells/mm3; 
glucose, 114 mg/dL; Na+, 148 mEq/L; K+, 4.1 mEq/L; 
BUN, 32 mg/dL; creatinine, 1.1 mg/dL; magnesium, 
1.8 mg/dL; calcium, 8.7 mg/dL; and lactate, 
7.7 mmol/L. Arterial blood gasses (ABGs) show 
metabolic acidosis. A CT scan reveals an open-
book pelvic fracture. Cervical spinal damage and 
other traumatic injuries are ruled out with radiog-
raphy and patient assessment.

Mr. B. is admitted to the critical care unit with a 
diagnosis of pelvic fracture with associated hemor-
rhage. Serial hemoglobin and hematocrit are moni-
tored, revealing ongoing acute blood loss anemia. 
A double-lumen central venous catheter is inserted 
for fl uid resuscitation and monitoring of CVP. Over 
the course of 16 hours, Mr. B. requires 8 U of 
packed red blood cells (PRBCs) to achieve a hema-
tocrit of greater than 28%, and 4 additional liters 
of lactated Ringer’s solution to maintain a central 
venous pressure (CVP) of greater than 8 mm Hg. 
Fluids are warmed using an in-line fl uid warmer to 
prevent hypothermia. Mr. B. is taken to surgery the 
following morning for repair of vasculature and sta-
bilization of the fracture. The estimated blood loss 
in surgery is 2 L. After surgery, Mr. B. is returned to 
the critical care unit on a mechanical ventilator.

On postoperative day 1, Mr. B. is hemodynami-
cally stable with a hematocrit of 32%, CVP of 
13 mm Hg, mean arterial pressure (MAP) of 
78 mm Hg, heart rate of 86 beats/min, tempera-
ture of 98.9°F (37.2°C), and serum lactate level 
of 2.2 mmol/L (from his hypovolemic shock). He is 
recovering from his hypovolemic shock. Morphine is 
used for pain control, and prophylaxis against deep 
venous thrombosis and gastromucosal disease is 
initiated. IV fl uids are administered at 75 mL/h. 
Mr. B. is placed on a ventilator-weaning protocol, but 
attempts to wean are unsuccessful secondary to his 
COPD. He remains in the critical care unit, with daily 
ventilator weaning trials.

On the morning of postoperative day 4, Mr. B. is 
successfully extubated and placed on 4 L oxygen 
by nasal cannula. He is tolerating a liquid diet, and 
plans are made for transfer to the trauma-surgical 
unit in the morning. Later that afternoon, his family 
reports that he has suddenly become irritable and 
is pulling at his IV lines and indwelling urinary cath-
eter. Vital signs are temperature, 102.0°F (38.9°C); 
RR, 34 breaths/min; HR, 128 beats/min; and BP, 
86/52 mm Hg. Blood and urine are sent for culture. 
Mr. B. is electively reintubated, and CVP monitor-
ing is reinstated. The initial CVP is 4 mm Hg. Fluid 
resuscitation is initiated using boluses of lactated 
Ringer’s solution. Despite an increase in CVP to 
10 mm Hg, the MAP remains 59 mm Hg. A norepi-
nephrine infusion is started at 1.0 μg/kg/min, with 
orders to titrate to an MAP greater than 70 mm Hg. 
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ABGs reveal a metabolic acidosis and a serum 
lactate of 5.6 mmol/L. Broad-spectrum antibiotic 
therapy is initiated. The WBC count increases to 
12.4/mm3, and preliminary blood cultures are posi-
tive for gram-negative rods. Antibiotic therapy is 
adjusted appropriately.

Mr. B. remains hypotensive (MAP less than or 
equal to 65 mm Hg) despite doses of norepineph-
rine as high as 20 μg/min. A vasopressin infusion 
is initiated at 2 U/h. Despite titration, the MAP 
remains less than or equal to 65 mm Hg. A venous 
blood gas is obtained, revealing a venous oxygen 
saturation of 62%. A dobutamine infusion is started 
at 5 μg/kg/min. Anti-infl ammatory therapy is started 
with low-dose corticosteroids.

Mr. B. is not responsive to pain and is unable 
to follow commands. His family receives regular 
updates concerning his condition during meetings 
with the interdisciplinary healthcare team. On postop-
erative day 6, Mr. B. continues to require high doses 
of vasopressor and inotropic therapy and has devel-
oped acute respiratory distress syndrome (ARDS). 
In collaboration with the healthcare team, the family 
makes the decision to initiate a do-not-resuscitate 
(DNR) order, and the norepinephrine, vasopressin, 
and dobutamine infusions are sustained at their 
existing rates without any further increases. Later 
that day, Mr. B. develops sustained ventricular tachy-
cardia that progresses to ventricular fi brillation. Mr. B. 
passes away with his family at his side.

1. Analyze the sequence of events that occurred in 
Mr. B.’s case.

2. Describe the management goals and nursing 
interventions for hypovolemic and septic shock.

3. Discuss the management of Mr. B.’s septic shock. 
Was evidence-based care provided?

Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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C H A P T E R
Trauma

34
O B J E C T I V E S

Based on the content in this chapter, the reader should be able to:

1 Compare and contrast mechanisms of trauma injury.
2 Describe phases of initial assessment and related care of the trauma patient.
3 Discuss the assessment and management of patients with thoracic, 

abdominal, musculoskeletal, and maxillofacial trauma.

Injury is defi ned by the National Committee for 
Injury Prevention and Control as “unintentional or 
intentional damage to the body resulting from acute 
exposure to thermal, mechanical, electrical, or chem-
ical energy or from the absence of such essentials as 
heat or oxygen.”1 Mechanical injuries, such as those 
resulting from motor vehicle crashes (MVCs), falls, 
and fi rearms, are the focus of this chapter.

Trauma is a leading cause of critical illness and death 
in the United States. One third of all trauma patients 
seen at level I trauma centers are admitted to critical 
care units, where they have a mean stay of 5 days. The 
risk for trauma morbidity and death is increased in 
older patients and those with comorbidities.2

The Older Patient. Falls are the most common 
cause of trauma in older people.

Mechanism of Injury
Knowledge about the mechanism of injury can help 
explain the type of injury, predict the eventual out-
come, and identify common injury combinations. 
Because the patient may not show classic signs of 
an injury, knowledge about the mechanism of injury 
is also helpful for indicating the need for additional 
diagnostic workup and reassessment.

Injury occurs when force deforms tissues 
beyond their failure limits. The effects of the 
injury depend on the injuring agent, the amount 
of force (force = mass × acceleration), and the area of 
contact. In penetrating injury, the concentration 
of force is on a small area. In blunt (nonpenetrat-
ing) injury, the force is distributed over a large 
area. Other factors, such as the person’s age and 
gender and the presence or absence of underlying 
disease processes, also infl uence the effects of the 
injury.

Blunt Injury
Blunt trauma can be caused by MVCs, falls, assaults, 
and contact sports. Multiple injuries are common 
with blunt trauma, and these injuries are often life-
threatening injuries because the extent of the injury 
is less obvious and the diagnosis can be more dif-
fi cult to make than for penetrating injuries. Blunt 
injury occurs when there is direct contact between 
the body surface and the injuring agent. Indirect 
forces are transmitted internally with dissipation of 
energy to the internal structure. Indirect forces that 
can result in blunt injury include the following:

• Acceleration is an increase in the velocity (speed) 
of a moving object.
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The severity of the injury is related to the structures 
damaged, the amount of energy that transfers into 
the tissue, the amount of time it takes for the trans-
fer to occur, and the velocity of the injuring agent. 
Low-velocity missiles (eg, small-caliber weapons, 
knife blades) cause little cavitation and blast effect, 
essentially only pushing the tissue aside. High-
velocity missiles (eg, rifl es, semiautomatic weapons) 
produce a greater amount of energy and cavitation.

The main injury determinants in stab wounds or 
impalements are the length, width, and trajectory 
of the penetrating object and the presence of vital 
organs in the area of the wound. Although the inju-
ries tend to be localized, deep organs and multiple 
body cavities can be penetrated.

• Deceleration is a decrease in the velocity of a 
 moving object.

• Shearing occurs across a plane when structures 
slip relative to each other.

• Crushing occurs when continuous pressure is 
applied to a body part.

• Compressive resistance is the ability of an object 
or structure to resist squeezing forces or inward 
pressure.

MVCs can involve occupants of the vehicle 
(Fig. 34-1) or pedestrians (Fig. 34-2). Acceleration–
deceleration injuries, such as those that occur in 
MVCs, are the most common causes of blunt inju-
ries. Before an MVC, the occupant and the car are 
traveling at the same speed. During an MVC, both 
the occupant and the car decelerate to zero, but 
not at the same rate. When the vehicle comes to 
an abrupt stop, the occupant’s body continues to 
move forward until it strikes a fi xed object, such 
as the steering column, dashboard, or windshield. 
Although the person’s body stops moving, internal 
structures continue to move within their enclosed 
spaces. For example, the brain fi rst strikes the 
front of the skull and then the back. Injury occurs 
when soft tissue impacts rigid structures (such as 
bone) and from shearing forces that cause stretch-
ing and bowing of vessels, causing them to rupture. 
Wearing shoulder and lap restraints and deploy-
ment of air bags reduces the incidence and severity of 
injury by reducing the force with which the occu-
pant of the vehicle strikes the surfaces within the 
vehicle and by preventing the occupant from being 
ejected from the vehicle.3

Penetrating Injury
Penetrating injuries are produced by foreign objects 
(eg, bullets, knife blades, debris) entering into tis-
sue. The external appearance of the wound does 
not necessarily refl ect the extent of internal injury. 

F I G U R E  3 4 - 1  An unrestrained passenger in a motor vehicle crash 
may sustain injuries to the skull, scalp, brain, face, sternum, ribs, 
heart, liver, spleen, pelvis, and lower extremities.

A B C

F I G U R E  3 4 - 2  Pedestrians who are hit by a moving vehicle may sustain (A) fracture of the tibia and fi bula, 
(B) fractured ribs and a ruptured spleen, or (C) injuries to the head and upper extremities.
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primary assessment and minimizing the risk that 
injuries will be overlooked (Table 34-2). The trauma 
team leader, a physician, is responsible for assess-
ing the patient, ordering and interpreting diagnostic 
studies, and prioritizing the diagnostics and thera-
peutic concerns.

Surveys
Primary Survey
During the primary survey, life-threatening injuries 
are identifi ed and managed. Each priority of care 
is dealt with in order (eg, a patent airway must be 
ensured before breathing and ventilation can be 
established). Other priorities during the primary 
survey include

• Assessing for hypovolemia. External or internal 
blood loss can lead to inadequate tissue perfu-
sion (hemorrhagic shock). Interventions include 
stopping the bleeding with compression or sur-
gery, and replacing the lost intravascular volume. 
Trauma patients transported to the trauma center 
by emergency medical services typically arrive 
with a large-bore IV line already in place, and IV 
fl uid infusing rapidly.

RED FLAG! Signs and symptoms of hypovolemia 
include pallor, poor skin turgor, diaphoresis, 
tachycardia, oliguria, and hypotension.

RED FLAG! An extended period of hypotension 
and hypoperfusion increases the possibility of acute 
kidney failure in trauma patients.

• Assessing for hypothermia. Environmental fac-
tors, an altered physiological state, and inter-
ventions (such as infusing room-temperature 
IV fl uids or removing the patient’s clothing to 
inspect for injuries) predispose the patient to 
hypothermia. Hypothermia can worsen coagulop-
athy and increase blood loss in trauma patients. 

Initial Assessment and Management
Care begins in the prehospital arena and continues 
in the hospital or trauma center. Trauma centers are 
categorized according to the resources they are able 
to provide and the number of annual admissions 
(Table 34-1).

Prehospital
Because the trauma patient has a greater chance of a 
positive outcome if admission to a trauma center and 
defi nitive care are initiated within 1 hour of injury, 
the principal factor infl uencing prehospital care is 
the transport time to the trauma center. Few inter-
ventions should be provided if transport time is short 
and more interventions if transport time is longer.4

Management during the prehospital phase 
focuses on maintaining the airway, ensuring ade-
quate ventilation, controlling external bleeding and 
preventing shock, maintaining spine immobiliza-
tion, and transporting the patient immediately to 
the closest appropriate facility.4 Following assess-
ment and management of the airway, breathing, 
and circulation, the patient’s neurological status is 
assessed, including level of consciousness and pupil 
size and reaction. Once this primary assessment is 
complete, a secondary assessment is performed to 
determine any other injuries.

In-Hospital
Initial in-hospital management entails a rapid pri-
mary survey and resuscitation of vital functions, a 
more detailed secondary survey, a tertiary survey 
to identify specifi c injuries, and initiation of defi ni-
tive care. The American College of Surgeons (ACS) 
Committee on Trauma has developed guidelines that 
provide an organized approach to the initial assess-
ment of trauma patients, increasing the speed of the 

TA B L E  3 4 - 1 Trauma Center Designation

Level I Level II Level III Level IV

Admission 
requirements

1200 patients per year; 
20% with an Injury 
Severity Score (ISS) 
greater than or equal 
to 15 or 35 patients 
per surgeon with an 
ISS greater than or 
equal to 15

Varies depending on 
geographical area, 
population, resources 
available, and system 
maturity

No requirement No requirement

Surgeon availability 24-h in-house attending 
surgeon

Rapidly available Promptly available 24-h emergency 
coverage

Research center Required Not required Not required Not required
Education, prevention, 

and outreach
Required Required Required Required

Data from McQuillan KA, Makic MBF, Whalen E (eds): Trauma Nursing, 4th ed. Philadelphia, PA: WB 
Saunders, 2009.
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person wearing a restraining device? Was the airbag 
deployed? If the person was hit by a vehicle, was the 
person on foot or on a bike? What kind of vehicle 
was involved? Where was the person at the time of 
impact? What was the speed, point of impact, and 
type of impact? Was there a fatality at the scene?

• Was the person stabbed? What was the length of 
the knife? Was the assailant male or female?

• Was the person shot? What caliber of weapon was 
used? What was the distance from the assailant to 
the victim?

• Did the person fall? How far (approximate height)? 
Was the fall off a ladder, or down a fl ight of stairs? 
What part of the body impacted fi rst?

Information obtained from the history about the 
mechanism of injury may raise suspicion for other 
injuries that require investigation. Continuous reas-
sessment is necessary because injuries often go 
undetected.

Tertiary Survey
The tertiary survey is completed in the critical care 
unit to ensure that all of the patient’s injuries have 
been identifi ed, including non–life-threatening 
injuries. The tertiary survey entails another head-
to-toe examination and assessment of the patient’s 
response to resuscitation. Films and laboratory val-
ues are reviewed, and a preinjury medical history 
is completed or obtained. Although delays in injury 
identifi cation are common, if the injury is found 
within 24 hours of admission, it is not considered a 
missed injury.5

Fluid Resuscitation
The goal of fl uid resuscitation is to maintain perfusion 
to the vital organs without inducing complications 

Warm fl uids and blankets are used whenever pos-
sible to increase body temperature or maintain 
normothermia.

The Older Patient. Older people tend to become 
hypothermic more quickly than younger people. 

• Obtaining baseline data and performing initial 
interventions. The patient is placed on a monitor 
with pulse oximetry and end-tidal carbon dioxide 
(ETCO2) monitoring; an electrocardiogram (ECG) 
is obtained; and bloodwork is sent for evaluation 
of electrolytes, hemoglobin and hematocrit, blood 
type and crossmatch, and arterial blood gases 
(ABGs), if the patient is believed to have a high 
level of injury. An indwelling urinary catheter and a 
nasogastric or orogastric tube are placed. Findings 
during the primary survey dictate which imaging 
studies are obtained fi rst. Chest, abdomen, and 
pelvis fi lms are generally completed at this time.

Secondary Survey
Once the primary survey is completed, a more 
detailed head-to-toe secondary survey is done to 
detect life- and limb-threatening injuries. A more 
detailed patient history is also obtained, including 
as much detail as possible about the circumstances 
surrounding the injury. A thorough history of the 
preceding events aids in assessment and treatment 
and can decrease morbidity and mortality. Field 
providers, family, and friends are valuable sources 
of information, especially if the patient is unable to 
speak or remember the event. Relevant questions 
include the following:

• Was the person involved in an MVC? What was 
the approximate speed the vehicle was traveling? 
Was the patient the driver or passenger? Was the 

TA B L E  3 4 - 2 Initial Assessment and Management of the Patient With Trauma

Parameter Assessment Interventions

Airway Air exchange
Airway patency

Jaw thrust, chin lift
Removal of foreign bodies
Suctioning
Oropharyngeal or nasopharyngeal airway
Endotracheal intubation (orally or nasally)
Cricothyrotomy

Breathing Respirations (rate, depth, effort)
Color
Breath sounds
Chest wall movement and integrity
Position of trachea

Supplemental oxygen
Ventilation with manual resuscitation bag (MRB)
Treatment of life-threatening conditions (eg, tension pneumothorax)

Circulation Pulse, blood pressure
Capillary refi ll
Obvious external bleeding
Electrocardiogram (ECG)

Hemorrhage control: apply direct pressure, elevate extremity, 
pneumatic antishock garment, if indicated for tamponade effect

IV therapy: crystalloids, blood transfusion
Treatment of life-threatening conditions (eg, cardiac tamponade)
Cardiopulmonary resuscitation (CPR)

Disability Level of consciousness
Pupils

—

Exposure Inspection of body for injuries —

Morton_Chap34.indd   473Morton_Chap34.indd   473 2/4/2012   3:48:06 PM2/4/2012   3:48:06 PM



474 P A R T  E L E V E N Multisystem Dysfunction

Blood Products
Although there is some concern about blood-borne 
pathogens and transfusion reactions, blood prod-
ucts are an excellent resuscitation fl uid.8 Packed 
red blood cells (PRBCs) increase oxygen-carrying 
capacity and allow for volume expansion, and are 
the mainstay of treatment for trauma patients with 
hemorrhage.8

Blood is transfused when the patient has lost a 
signifi cant amount of blood, is hemodynamically 
unstable, or is showing signs of tissue hypoxia 
despite crystalloid infusion. If the need for emer-
gency transfusions does not allow time for type and 
crossmatching of the patient’s blood, O-negative 
blood is preferred for women of childbearing age. 
O-positive blood may be used in men and post-
menopausal women. Fresh frozen plasma (which 
contains coagulation factors) and platelets are 
transfused when the patient requires large amounts 
of blood.

RED FLAG! Massive blood transfusions increase 
the patient’s risk for systemic infl ammatory response 
syndrome (SIRS), acute respiratory distress 
syndrome (ARDS), and disseminated intravascular 
coagulation (DIC) due to stimulation of the 
infl ammatory system.

Autotransfusion is also commonly used in the 
hemorrhaging trauma patient. Blood is saved from 
a pleural chest tube via a cell saver collection bag. 
When ready to infuse, the cell saver is disconnected 
from the chest tube collection device, and the blood 
is transfused into the patient using a macroaggre-
gate fi lter.

Damage Control
Patients who have sustained multiple traumatic 
injuries have a higher mortality from metabolic 
complications during surgery. Uncontrolled bleed-
ing, fl uid resuscitation, and surgery can result in 
the “lethal triad”: hypothermia, acidosis, and coagu-
lopathy. The principle of “damage control” involves 
performing surgery in stages to prevent metabolic 
complications from developing

• Stage 1: stop hemorrhage; control contamination; 
close wounds temporarily

• Stage 2: correct physiologic abnormalities by 
warming, ensuring adequate resuscitation, and 

of fl uid overload (eg, generalized edema, abdominal 
compartment syndrome, ascites, worsening of the 
pulmonary status). Aggressive fl uid resuscitation 
also puts the patient at risk for hypothermia and 
coagulopathy.6

The Older Patient. Older adults are more 
susceptible to complications of volume overload 
and require adequate rapid fl uid replacement 
without excess. Consider a pulmonary artery or 
central venous pressure line for guidance in fl uid 
replacement. 

The choice of fl uid is based on how the volume 
loss occurred, the concentration of solutes, and 
which electrolytes need to be replaced.7

Crystalloids
Crystalloids may be isotonic, hypertonic, or hypo-
tonic (Table 34-3).

• Isotonic crystalloids are most commonly used in 
trauma resuscitation. Isotonic crystalloids closely 
mimic the body’s extracellular fl uid and can be 
used to expand both intravascular and extravascu-
lar fl uid volume.7 Because of the equilibration of 
the isotonic solution outside of the vascular space, 
more volume is required to replace the vascular 
losses. A common guideline used is to administer 3 L 
of isotonic crystalloid for each liter of blood loss.

• Hypertonic crystalloids may also be used in 
trauma resuscitation. Hypertonic crystalloids 
primarily remain within the vascular space and 
shift water from the extravascular space into the 
plasma, resulting in a rapid increase in blood vol-
ume, mean arterial pressure (MAP), and cardiac 
output.7 This enables a more rapid restoration of 
cardiac function with a smaller volume of fl uid.

Colloids
Colloids (eg, albumin, dextran, hetastarch) create 
oncotic pressure, which encourages fl uid retention 
and movement of fl uid into the intravascular space. 
Colloids have a longer duration of action because 
they are larger molecules and stay in the intravas-
cular compartment longer.7 When colloids are used, 
less fl uid volume is necessary to replace vascular 
losses and achieve hemodynamic stability. However, 
potential complications (eg, anaphylaxis, coagulop-
athy) and higher costs make colloids less desirable 
than crystalloids for use in trauma resuscitation.

TA B L E  3 4 - 3 Crystalloids

Type of Crystalloid Example Tonicity Effect

Isotonic 0.9% normal saline Equal to that of human body Causes minimal shifts between 
intracellular and extracellular 
space

Hypotonic 5% dextrose in water (D5W) Less than that of human body Pulls fl uid into extracellular space
Hypertonic 3% saline Greater than that of human 

body
Pulls fl uid into intravascular space
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The Older Patient. Constant monitoring is 
essential when caring for an older trauma patient. 
The threshold for invasive monitoring should be 
decreased with an elderly patient, secondary to 
predisposing conditions and past medical history. 

Assessment and Management of 
Specifi c Injuries
Although this section discusses traumatic injuries 
related to specifi c areas of the body, every trauma 
patient requires head-to-toe physical assessment.

Thoracic Trauma
Thoracic injuries range from simple to life-threat-
ening (Box 34-3). In thoracic injury, the fi rst priority 
is always airway management. Airway obstruction 
may be the primary problem or the result of another 
injury. Airway obstruction can be caused by the 
tongue, avulsed teeth, dentures, or blood, or by inju-
ries to the trachea, thyroid cartilage, or cricoid.9

Tracheobronchial Trauma
Tracheobronchial injuries can be caused by blunt 
or penetrating trauma and frequently are accompa-
nied by esophageal and vascular damage. Ruptured 
bronchi often are present in association with upper 
rib fractures and pneumothorax. Tracheobronchial 
injury is considered whenever pneumothorax per-
sists despite management. Diagnosis usually is 
made with bronchoscopy or during surgery.

RED FLAG! Signs and symptoms of 
tracheobronchial injuries are often subtle and 
may include dyspnea (occasionally the only sign), 
hemoptysis, cough, subcutaneous emphysema, 
anxiety, hoarseness, stridor, air hunger, 
hypoventilation, accessory muscle use, sternal 
and subscapular retractions, diaphragm breathing, 
apnea, and cyanosis.

Small lung lacerations or pleural tears can be 
managed conservatively with mechanical ventila-
tion delivered through an endotracheal tube or 
tracheostomy. Larger injuries may require surgi-
cal repair. Nursing responsibilities include assess-
ing oxygenation and gas exchange and providing 
 pulmonary care.

Bony Thorax Fractures
Rib fractures, sternal fractures, and fl ail chest are 
common in trauma patients. Rib fractures are clini-
cally signifi cant as markers of serious intrathoracic 
and abdominal injuries (Fig. 34-3, p. 478), sources 
of signifi cant pain, and predictors of pulmonary 
deterioration. The greatest concerns for nurses car-
ing for patients with bony thorax fractures are pain 
management, effective ventilation, and secretion 
control.

correcting coagulopathy (these interventions are 
continued in the critical care unit)

• Stage 3: perform defi nitive operative management

Defi nitive Care
Increasingly, stable trauma patients are managed 
nonoperatively. More sophisticated methods of 
visualizing internal structures, such as computed 
tomography (CT), ultrasonography, and angiogra-
phy, have reduced the need for immediate surgical 
exploration in many cases. In addition, many of 
these techniques can be used for management as 
well as diagnosis (eg, angiographic interventions 
may be used to embolize a hemorrhaging internal 
vessel). Patients who are treated nonoperatively 
require close monitoring and frequent assessment 
in the critical care unit.

Attention is also given to managing preexisting 
medical conditions, identifying injuries that may 
have been missed earlier, providing psychosocial 
support for the patient and family, and monitoring 
for the development of complications. Situations 
such as prolonged extrication, prolonged hypother-
mia, respiratory or cardiac arrest, massive fl uid 
resuscitation, or massive blood transfusions suggest 
severe injuries and a greater chance of complications 
(Box 34-1) and death after trauma. A Collaborative 
Care Guide for the patient with multisystem trauma 
is given in Box 34-2.

B O X  3 4 - 1   Delayed Complications of Multiple 
Trauma

Hematologic
• Hemorrhage, coagulopathy, disseminated intravas-

cular coagulation (DIC)

Cardiac
• Dysrhythmia, heart failure, ventricular aneurysm

Pulmonary
• Atelectasis, pneumonia, emboli (fat or thrombotic), 

acute respiratory distress syndrome (ARDS)

Gastrointestinal
• Peritonitis, adynamic ileus, mechanical bowel obstruc-

tion, acalculous cholecystitis, anastomotic leak, fi stula, 
bleeding, abdominal compartment syndrome

Hepatic
• Liver abscess, liver failure

Renal
• Hypertension, myoglobinuria, kidney failure

Orthopedic
• Compartment syndrome

Skin
• Wound infection, dehiscence, skin breakdown

Systemic
• Sepsis
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B O X  3 4 - 2 C O L L A B O R A T I V E  C A R E  G U I D E  for the Patient With Multisystem Trauma

OUTCOMES INTERVENTIONS
 

Oxygenation/Ventilation
A patent airway is maintained. • Auscultate breath sounds.

• Perform frequent assessments.
• Intubate if needed.
• Provide supplemental oxygen PRN.

An arterial oxygen saturation (SaO2) of 
95% or more is maintained, and ABGs 
are within normal limits.

• Provide bronchial hygiene therapy (BHT) (chest physiotherapy and 
incentive spirometry).

• Intubate.
• Monitor ABGs.

The patient is able to take deep breaths 
and is free of anxiety.

• Use mechanical ventilation if necessary to support adequate 
ventilation.

• Provide adequate pain medication to promote deep breathing 
(patient-controlled analgesia [PCA], epidural, around-the-clock 
medications).

• Medicate before pain increases.
• Use antianxiety drugs as necessary.

 

Circulation/Perfusion
Adequate blood pressure, heart rate, and 

respiratory rate are maintained.
• Monitor respiratory rate and depth.
• Use ECG monitor.
• Administer IV fl uids and PRBCs to ensure adequate intravascular 

volume and oxygen-carrying capacity.
• Administer medications, such as vasoactive and inotropic agents, 

after
• intravascular volume is restored.
• Place pulmonary artery catheter or arterial line.
• Assess skin color and capillary refi ll time.

The patient does not develop deep venous 
thrombosis (DVT).

• Use prophylactic anticoagulants unless contraindicated.
• Apply antiembolic stockings.
• Use pneumatic compression devices.

 

Fluids/Electrolytes
Adequate intake and output are 

maintained.
• Monitor blood pressure, heart rate, central venous pressure, pulmo-

nary artery occlusion pressure, IV fl uid.
• Use indwelling urinary catheter to monitor urine output.
• Consider insensible fl uid loss in output.
• Monitor laboratory values.

Electrolyte balance is maintained. • Replace electrolytes PRN.
• Monitor ECG.

 

Mobility/Safety
Range of motion is maintained. • Consult Physical/Occupational Therapy.

• Use splints PRN.
• Do range-of-motion exercises q8h.
• Out of bed as tolerated.

 

Skin Integrity
The patient is without evidence of skin 

breakdown.
• Monitor skin q4h.
• Turn the patient q2h and PRN.
• Use pressure-relieving devices.
• Remove splints to monitor skin.
• Provide prescribed wound care.
• Monitor wound for evidence of infection.
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B O X  3 4 - 2 C O L L A B O R A T I V E  C A R E  G U I D E  ( c o n t i n u e d )

OUTCOMES INTERVENTIONS
 

Nutrition
Nutritional intake meets calculated 

metabolic need (eg, basal energy 
expenditure equation).

• Consult dietitian for metabolic needs assessment and 
recommendations.

• Encourage enteral nutrition when possible.
• Use TPN/lipids if enteral nutrition contraindicated.
• Check prealbumin and electrolytes.
• Monitor for weight loss.

 

Comfort/Pain Control
The patient will indicate/exhibit adequate 

relief of discomfort/pain.
• Document pain assessment, using numerical pain rating or similar 

scale when possible.
• Provide analgesia as appropriate, document effi cacy after each dose.
• Use PCA/epidural PRN.
• Arrange pain consult if needed.
• Use sedation as needed.
• Monitor vital signs.

 

Psychosocial
The patient will maintain as much 

control as possible.
• Inform the patient of procedures.
• Establish a schedule with the patient if possible.
• Provide an alternate means of communication if necessary, such as lip 

reading, writing, and a communication board.

The patient and family will cope 
effectively with the traumatic event.

• Provide repeated information.
• Encourage use of appropriate coping.
• Encourage use of support systems.
• Arrange social work consult.

 

Teaching/Discharge Planning
The patient will be involved in discharge 

planning.
• Discuss discharge with the patient.
• Allow the patient to make decisions if possible.

The patient will understand injuries and 
complications of injuries.

• Provide discharge instructions accordingly with injury.
• Provide the patient with list of injuries.

B O X  3 4 - 3   Life-Threatening Thoracic Injuries

Immediately life-threatening injuries (primary 
survey priorities)
• Airway obstruction
• Tension pneumothorax
• Cardiac tamponade
• Open pneumothorax
• Massive hemothorax
• Flail chest

Potentially life-threatening injuries (secondary 
survey priorities)
• Thoracic aortic disruption
• Tracheobronchial disruption
• Myocardial contusion
• Traumatic diaphragm tear
• Esophageal disruption
• Pulmonary contusion

Flail chest involves multiple adjacent rib fractures 
or involves sternal fracture. These fractures can be 
anterior, posterior, or lateral, and usually a sternal 
fracture is present as well. The fl ail segment follows 
pleural pressure instead of respiratory muscle activ-
ity, producing paradoxical breathing (ie, the affected 
portion of the chest wall moves in on inspiration and 
out on expiration). Ventilation is decreased, leading 
to hypoxia. As the patient’s pulmonary status wors-
ens, the paradoxical movement of the fl ail segment 
increases.

Initial management of fl ail chest and other bony 
thorax fractures includes airway management, 
pain management, and oxygen therapy to main-
tain adequate saturation. A patient with fl ail chest 
may be positioned with the injured side down to 
improve oxygenation; however, this is often diffi -
cult because of the need to maintain cervical spine 
immobilization. Other treatment modalities for 
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bleeding is often a large systemic blood vessel or medi-
astinal structure. Left massive hemothorax is most 
common and is often associated with aortic rupture.

Patients with massive hemothorax may go into 
cardiopulmonary arrest and require immediate 
thoracotomy to control bleeding. Patients who are 
not in cardiopulmonary arrest present with signs of 
hypovolemic shock, dyspnea, tachypnea, and cyano-
sis. Initial management of these patients includes 
treatment of the shock state.

Tension Pneumothorax
Tension pneumothorax is caused by air continuing 
to enter the pleural space without being able to leave 
the pleural space. The resultant compression of the 
trachea, heart, lungs, or great vessels can result in 
ventilatory failure, compromised venous return, and 
insuffi cient cardiac output. Tension pneumothorax 
may result from primary injury to the thorax, or it 
may be a delayed complication related to tracheo-
bronchial injury or mechanical ventilation.

RED FLAG! Signs and symptoms of tension 
pneumothorax include diffi culty ventilating the 
patient despite an open airway, a decrease in 
oxygenation, chest asymmetry, tracheal shift, 
neck vein distention (unless the patient is 
hypovolemic), decreased breath sounds on the 
affected side, and evidence of decreased cardiac 
output (eg, decreased blood pressure and poor 
tissue perfusion).

Treatment of tension pneumothorax involves the 
administration of supplemental oxygen and emergent 
decompression with chest tube placement. If a chest 
tube cannot be placed rapidly, the decompression 
can be achieved by placing a 16- or 18-gauge needle 
into the second intercostal space, midclavicular, to 

fl ail chest include internal splinting (accomplished 
by providing positive pressure ventilation) and 
surgical repair.

Pleural Space Injuries
Pleural space injuries include pneumothorax (intra-
pleural air collection), hemothorax (intrapleural 
blood collection), and hemopneumothorax (inter-
pleural air and blood collections). Normally, the pres-
sure within the pleural space is negative, which assists 
with maintaining lung expansion. The introduction of 
air or blood into the pleural space causes the pressure 
in the pleural space to become positive, which causes 
the lung to collapse. In a patient with a pleural space 
injury, respiratory distress and signs of impaired 
gas exchange may be seen. Ongoing reassessment is 
necessary because even if the original pleural tear is 
small, it can expand, putting the patient at risk for ten-
sion pneumothorax (a life-threatening emergency).

RED FLAG! Signs and symptoms of impaired gas 
exchange include restlessness, anxiety, tachypnea, 
decreased oxygenation, poor color, and diaphoresis. 

Chest radiography or chest CT is usually used to 
diagnose pleural space injuries. Treatment entails 
management of the patient’s airway, ventilation, 
and oxygenation. A large-bore chest tube is inserted 
to drain the air or blood from the plural space and 
reexpand the lung. The nurse monitors the amount 
of blood that drains into the chest tube drainage 
device. Drainage of more than 200 mL/h for 2 con-
secutive hours may indicate a signifi cant injury and 
the need for further follow-up.

Massive Hemothorax
A massive hemothorax (1.5 to 4 L of intrathoracic 
blood loss) is a life-threatening injury. The source of 

Ribs 1 and 2: fracture of 
these ribs often signifies
high impact trauma: injuries 
to the aorta, the thorax
and the spine are very likely

Ribs 3-9 : fracture of these 
ribs  is often associated with 
underlying lung injuries
(e.g., pneumothorax, 
hemothorax, pulmonary 
contusion)

1

2

3

4

5

6

7

8
9

10

12

11

Ribs 9 through 12 :
fractures of these ribs 
can be associated with 
injury to the liver, spleen, or 
other abdominal structures.

F I G U R E  3 4 - 3  Rib fractures are clini-
cally signifi cant as markers of serious 
intrathoracic and abdominal injuries.
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decreased cardiac fi lling leads to reduced cardiac 
output, reduced contractility, and eventually shock. 
Only a small amount (50 to 100 mL) of blood in the 
pericardial sac can create an increase in pericardial 
pressure. Continued bleeding increases the pressure 
rapidly, leading to cardiac tamponade.

RED FLAG! Signs and symptoms of cardiac 
tamponade include Beck’s triad (decreased blood 
pressure, muffl ed heart sounds, and distended 
neck veins) and pulsus paradoxus (an inspiratory 
decrease in systolic arterial pressure of 10 mm Hg 
or more).

Signs and symptoms may be obscured in a hypo-
volemic patient. Echocardiography is most useful 
in making the diagnosis.11 Defi nitive and life-saving 
treatment entails draining the blood from the peri-
cardial sac.

Penetrating Cardiac Injury
The mortality rate associated with penetrating car-
diac injury is 50% to 85%. Those who survive do 
so because of cardiac tamponade. Occasionally, 
small stab wounds to the ventricles seal themselves 
because of the thick ventricular musculature. For 
some hemodynamically stable patients, monitoring 
with serial CT scanning or with pericardial and pleu-
ral ultrasound is acceptable. For other patients, sur-
gery to create a thoracoscopic pericardial window 
may be necessary to aid in the diagnosis of ongoing 
hemorrhage and to drain pericardial fl uid collection. 
In the presence of ongoing hemorrhage and shock, 
the patient is immediately transported to the operat-
ing room for a median sternotomy and exploration.

After surgical repair, the nurse monitors hemody-
namics, maintains blood pressure and perfusion, and 
corrects metabolic abnormalities. Complications 
include continued hemorrhage and postcardiotomy 
syndrome (symptoms of pericarditis, with or with-
out fever, appearing weeks to months after cardiac 
surgery).

Aortic Transection
Aortic transection (tearing or rupturing of the aorta) 
is the leading cause of immediate death from blunt 
trauma; most patients die at the scene or before 
reaching the hospital. Aortic injury is usually associ-
ated with sudden deceleration forces, such as those 
sustained during an MVC or a fall. Because the tho-
racic aorta is very mobile, tears typically occur at 
points of fi xation, especially at the level of the isth-
mus (ie, the descending portion of the arch). During 
a sudden deceleration, the aorta continues to travel 
forward but at the point of the isthmus, the ligamen-
tum arteriosum holds the aorta back, typically caus-
ing transection of all three layers of the vessel wall. If 
the adventitia (outer layer) remains intact, an aneu-
rysm or a partial circumferential hematoma (which 
has a tamponading effect) may form and can prolong 
survival, but only for a limited time. Early diagnosis 
and treatment are critical. Aortography is the gold 

release the trapped air. After emergent decompres-
sion, the needles are changed to chest tubes to allow 
the lungs to expand and to prevent a reoccurrence.

Pulmonary Contusion
Pulmonary contusion (bruising of the lung paren-
chyma) is the most common lung injury and is 
potentially lethal. Rupture of the capillary cell walls 
causes hemorrhage and extravasation of plasma 
and protein into alveolar and interstitial spaces, 
resulting in noncardiogenic pulmonary edema that 
causes intrapulmonary shunting and hypoxemia. 
Pulmonary contusion should be anticipated in any 
patient who sustains signifi cant high-energy blunt 
chest trauma, such as that caused by an MVC. The 
presence of a scapular fracture, rib fractures, or a 
fl ail chest also raises suspicion for a possible under-
lying pulmonary contusion. It may take 6 hours or 
more for a pulmonary contusion to become appar-
ent on a chest radiograph; CT is more sensitive.

RED FLAG! Signs and symptoms of pulmonary 
contusion include dyspnea, crackles, hemoptysis, 
tachypnea, increasing peak airway pressures, 
hypoxemia, respiratory alkalosis, and poor 
response to high fractions of inspired oxygen (FiO2).

Treatment of pulmonary contusion is support-
ive. Patients with a mild contusion require close 
observation with frequent monitoring of ABGs and 
pulse oximetry. Patients with a severe contusion 
may require ventilatory support. Additional nursing 
interventions include pulmonary care, pain control, 
and fl uid management.

The contused lung should show radiographic 
signs of improvement within 72 hours. The presence 
of persistent infi ltrates may indicate complications, 
such as pneumonia or superimposed ARDS.

Cardiac Contusion
Cardiac contusions are usually caused by blunt chest 
trauma as the heart impacts the sternum during 
rapid deceleration or is compressed between the ster-
num and back. Symptoms vary in severity from none 
(common), to chest pain and hypotension, to heart 
failure and cardiogenic shock. Most patients with car-
diac contusions have ECG abnormalities on admis-
sion; however, there is no correlation between the 
complexity of the dysrhythmia and the degree of the 
cardiac contusion.10 Echocardiography may reveal 
myocardial depression. The patient is placed on 
continuous cardiac monitoring, hemodynamics are 
monitored, and blood is drawn for cardiac isoen-
zyme. Therapy is primarily aimed at supporting car-
diac function and relieving symptoms.

Cardiac Tamponade
Cardiac tamponade, a life-threatening injury, can 
result from penetrating or blunt trauma. Cardiac 
tamponade is caused by blood fi lling the pericar-
dial space and compressing the heart. The resultant 
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RED FLAG! Abdominal injuries should be 
suspected if the patient has abdominal tenderness 
or guarding, hemodynamic instability, lumbar 
spine injury, pelvic fracture, retroperitoneal or 
intraperitoneal air, or unilateral loss of the psoas 
shadow on radiography. 

In blunt abdominal trauma, compression forces 
lead to fractures of solid organ capsules and paren-
chyma, whereas hollow organs collapse and absorb 
the force. Solid organs usually respond to trauma 
with bleeding, whereas hollow organs rupture and 
release their contents into the peritoneal cavity, caus-
ing infl ammation and infection Penetrating trauma 
can result in “dirty” wounds, which are associated 
with high mortality rates secondary to infection 
caused by bacterial contamination and subsequent 
multisystem organ failure.

Diagnostic testing may include focused abdomi-
nal sonography for trauma (FAST), diagnostic peri-
toneal lavage (DPL), chest radiography (to detect 
organ displacement or the presence of free air), 
and abdominal CT. FAST is performed by passing 
an ultrasound probe over the abdomen to detect 
the presence of free fl uid. DPL is the instillation 
of normal saline or lactated Ringer’s solution into 
the abdominal cavity; the returned lavage fl uid is 
then analyzed for the presence of blood RBCs and 
WBCs, bile, bacteria, or fecal matter, which would 
indicate intra-abdominal injury. If the results of 
FAST or DPL are positive and the patient is hemo-
dynamically unstable, an exploratory laparotomy is 
performed.

Clinicians divide the abdomen into three main 
regions to facilitate description of the location of the 
injury (Fig. 34-4):

standard for diagnosis.11 A CXR identifi es changes 
which indicate an aortic injury. These include widened 
mediastinum; loss aortic knob; and apical cap. Other 
diagnostics include CTA, MRA and echocardiogram.

RED FLAG! Signs and symptoms of aortic 
transection are related to poor perfusion beyond the 
aortic lesion and include pulse defi cit in the lower 
extremities or left arm, hypotension unexplained 
by other injuries, upper extremity hypertension 
relative to lower extremities, interscapular or sternal 
pain, precordial or interscapular systolic murmur 
(caused by turbulence across the disrupted area), 
hoarseness (caused by hematoma pressure around 
the aortic arch), respiratory distress or dyspnea, 
and lower extremity neuromuscular or sensory 
defi cit. However, many patients are asymptomatic. 

Surgical repair may involve placement of a syn-
thetic graft. Cardiopulmonary bypass may be neces-
sary for repair of the ascending aorta or the aortic 
arch. Nursing care focuses on hemodynamic monitor-
ing and blood pressure management. Postoperative 
nursing care includes monitoring for complications 
of distal organ ischemia.

Abdominal Trauma
Abdominal trauma can be blunt or penetrating, and 
can rapidly lead to death secondary to hemorrhage, 
shock, and sepsis. In abdominal trauma, single-
organ injuries are rare; usually, several abdominal 
organs are involved. Detection of injuries caused by 
blunt abdominal trauma can be diffi cult, especially 
if other injuries are present, and missed abdominal 
injuries are a frequent cause of death.5

Peritoneal Retroperitoneal Pelvic

F I G U R E  3 4 - 4  Abdominal regions.
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• The peritoneal area, which includes the dia-
phragm, liver, spleen, stomach, transverse colon, 
and the portion covered by the bony thorax

• The retroperitoneal area, which includes the aorta, 
vena cava, pancreas, kidney, ureters, and parts of 
the duodenum and colon

• The pelvis, which includes the rectum, bladder, 
uterus, and the iliac vessels

Esophageal Trauma
Penetrating trauma is the most common cause of 
esophageal injury. Most often, the cervical esophagus 
is injured. Signs and symptoms are subtle. A hemo-
thorax or pneumothorax without rib fractures raises 
suspicion for an esophageal injury. CT scan of the 
chest, abdomen, and pelvis with and without contrast; 
esophagoscopy; fl exible endoscopy; and swallow stud-
ies are used in the diagnosis. Treatment is surgical 
repair. The patient is kept NPO with a nasogastric 
tube to continuously suction, and antibiotic therapy 
is initiated. Nursing interventions include airway, ven-
tilation, oxygenation, and hemodynamic support.

Diaphragm Rupture
Diaphragm rupture is more common in blunt injury 
than in penetrating injury. A suspected diaphragm 
rupture raises suspicion for thoracic and abdominal 
injury. Movement of abdominal organs into the tho-
rax can cause bowel strangulation. Respiratory com-
promise, resulting from displacement of lung tissue, 
may also be seen. Diagnosis is through chest radi-
ography (often normal or nonspecifi c), ultrasound, 
CT, and exploratory laparotomy. DPL may be falsely 
negative. Defi nitive treatment is surgical repair.

RED FLAG! Signs and symptoms of diaphragm
rupture, when herniated bowel is present, may include
marked respiratory distress, dyspnea, decreased
breath sounds on the affected side, positive bowel
sounds in the thorax, palpation of abdominal contents
when inserting a chest tube, and paradoxical
movement of the abdomen when breathing.

Stomach Trauma
Patients with blunt gastric injuries can present with 
blood in the nasogastric aspirate or hematemesis. 
Physical signs often are absent, and CT fi ndings 
may be subtle and nonspecifi c. Close observation is 
required; often, the diagnosis is not made until peri-
tonitis develops. Penetrating injuries usually cause 
positive results on DPL. Although a mild bowel 
contusion can be managed conservatively (gas-
tric decompression and withholding oral intake), 
surgery usually is necessary to repair penetrating 
wounds. Postoperative decompression with a gas-
tric tube is maintained until bowel function returns. 
In most cases, a jejunostomy tube is placed distal to 
the repair site, and tube feedings are initiated early 
in the postoperative course. Potential complications 
related to stomach trauma include intolerance to 
tube feedings, peritonitis (from irritation caused by 
gastric acid), and postoperative bleeding.

Pancreatic Trauma
Most injuries to the pancreas are related to pene-
trating trauma. Signs and symptoms of pancreatic 
trauma may include an acute abdomen, increased 
serum amylase levels, epigastric pain radiating to 
the back, nausea, and vomiting. Abdominal CT is 
most useful for diagnosis; the retroperitoneal loca-
tion of the pancreas makes pancreatic injuries dif-
fi cult to diagnose with DPL.

Small lacerations or contusions of the pancreas 
may require only the placement of drains, whereas 
larger wounds need surgical repair. Most pancreatic 
injuries require postoperative closed-suction drainage 
to prevent fi stula formation. Postoperative nursing 
assessment and care involves ensuring the pancreas 
is rested (eg. NPO, NG tube to low wall suction). 
Care also involves ensuring the patency of drains and 
monitoring for the development of fi stulas. If a cuta-
neous fi stula does develop, skin protection is neces-
sary because of the high enzyme content of pancreatic 
fl uid, and ongoing assessment of fl uid and electrolyte 
balance is required because a pancreatic fi stula results 
in fl uid, potassium, and bicarbonate loss.

Colon Trauma
Usually, injury to the colon results from penetrating 
trauma. Spillage of the contents of the colon pre-
disposes the patient to intra-abdominal sepsis and 
abscess formation. Exploratory laparotomy is usually 
necessary. Whenever possible, lacerations are treated 
with primary repair. In some situations, an exterior-
ized repair or colostomy is required. The subcutane-
ous tissue and skin of the incision site are often left 
open to decrease the chance of wound infection.

Postoperative nursing care focuses on assessing 
for abnormal infections (eg. peritonitis). Dressing 
changes are necessary for open incisions, and pro-
phylactic antibiotics may be used. The exteriorized 
colon must be kept moist and covered with a non-
adherent dressing or bag to protect the integrity of 
the sutures. Because sepsis is a major complication 
of colon injuries, a series of radiographic and surgi-
cal procedures may be required to locate and drain 
abscesses.

Splenic Trauma
The spleen is the most commonly injured abdomi-
nal organ, usually as a result of blunt trauma. 
Because of its vascularity, the spleen has a tendency 
to lose blood rapidly. Injuries include hematomas 
and lacerations, and are graded on a scale of I to V 
(Box 34-4). DPL or abdominal CT is usually neces-
sary for diagnosis.

RED FLAG! Signs and symptoms of splenic injury 
include left upper quadrant pain radiating to the 
left shoulder (Kehr’s sign), hypovolemic shock, 
and increased white blood cell (WBC) count. 

Minor injuries are treated nonoperatively with 
observation and gastric decompression (to reduce 
pressure on the injured spleen). The preferred 
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B O X  3 4 - 5   Liver Injury Scale

Hematomas
• Grade I: subcapsular, nonexpanding, involving less 

than 10% of surface area OR capsular tear less than 
1 cm parenchymal depth

• Grade II: subcapsular, nonexpanding, involving 10% 
to 50% of surface area OR intraparenchymal, less 
than 10 cm diameter

• Grade III: subcapsular, involving greater than 50% 
of surface area or expanding; ruptured subcapsu-
lar or parenchymal bleeding OR intraparenchy-
mal, hematoma greater than or equal to 10 cm or 
expanding.

• Grade IV: ruptured parenchyma involving 25% to 
75% of hepatic lobe with active bleeding

Lacerations
• Grade I: nonbleeding capsular tear less than 1 cm 

deep
• Grade II: actively bleeding capsular tear 1 to 3 cm 

deep without trabecular vessel involvement
• Grade III: greater than 3 cm deep
• Grade IV: 25% to 75% hepatic lobe parenchymal 

disruption
• Grade V: greater than 75% hepatic lobe parenchy-

mal disruption; vascular injury includes retrohepatic 
vena cava and juxtahepatic venous injuries

• Grade VI: vascular hepatic avulsion
surgical treatment is splenorrhaphy, although in 
some cases splenectomy is necessary. Splenic auto-
transplantation (implanting splenic fragments 
into pockets of omentum) may be performed after 
splenectomy to retain normal splenic immune 
function.12

Early complications include recurrent bleeding, 
subphrenic abscess, and pancreatitis (from surgi-
cal trauma). Rupture of an expanding subscapular 
hematoma may present days or weeks later. Other 
late complications include thrombocytosis and 
overwhelming post–splenectomy sepsis (OPSS). 
OPSS frequently occurs with the onset of pneu-
mococcal pneumonia, which progresses to a ful-
minant sepsis. Splenic autotransplantation and 
immunization with a polyvalent pneumococcal 
vaccine may decrease the patient’s risk for devel-
oping OPSS.

Liver Trauma
After the spleen, the liver is the most commonly 
injured abdominal organ. Hepatic injury can be 
caused by either blunt or penetrating trauma, and 
may result in hematomas or lacerations (Box 34-5).

RED FLAG! Signs and symptoms of hepatic 
injury include right upper quadrant pain, rebound 
tenderness, hypoactive or absent bowel sounds, and 
signs of hypovolemic shock. 

Hepatic trauma can cause a large blood loss 
into the peritoneum. A hemodynamically stable 
patient may be managed nonoperatively with serial 

CT scans and hemoglobin and hematocrit levels 
to  verify bleeding cessation. Hemodynamically 
 unstable patients require surgery to ligate or embo-
lize bleeding vessels, repair small lacerations, or 
resect and debride large areas of injured liver. When 
hemorrhage is uncontrollable, the liver is packed to 
tamponade the bleeding. After packing, the patient’s 
abdomen may be simply covered and left open and 
the patient transferred to the critical care unit for 
management of coagulopathy. After the coagu-
lopathy is corrected, a second surgical procedure 
is performed to remove the packing and repair the 
laceration. Patients with hepatic injuries require 
postoperative drainage of bile and blood with 
closed-suction drains.

Nursing care of patients with liver injuries 
includes replacing blood products and monitoring 
hematocrit and coagulation studies, tube drainage, 
and fl uid balance. Potential complications include 
hepatic or perihepatic abscess, biliary obstruction 
or leak, sepsis, ARDS, and DIC.

Kidney Trauma
Trauma to the kidney may lead to a “free” hem-
orrhage, contained hematoma, the development 
of an intravascular thrombus, laceration or con-
tusion of the renal parenchyma, or rupture of the 
collecting system. Signs and symptoms, when pres-
ent, consist of hematuria, pain, a fl ank hematoma, 

B O X  3 4 - 4   Splenic Injury Scale

Hematomas
• Grade I: subcapsular, nonexpanding, involving less 

than 10% of surface area
• Grade II: subcapsular, nonexpanding, involving 10% 

to 50% of surface area OR intraparenchymal, less 
than 1 cm

• Grade III: subcapsular, expanding, and ruptured, 
with active bleeding, involving greater than 50% of 
surface area OR intraparenchymal, greater than or 
equal to 2 cm or expanding

• Grade IV: ruptured parenchyma with active bleeding

Lacerations
• Grade I: nonbleeding capsular tear less than 1 cm 

deep
• Grade II: actively bleeding capsular tear 1 to 3 cm 

deep without trabecular vessel involvement
• Grade III: greater than 3 cm deep or involving tra-

becular vessels
• Grade IV: hilar vessel involvement with greater than 

25% devascularization
• Grade V: completely shattered spleen; hilar vascular 

injury with total devascularization of the spleen
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or ecchymosis over the fl ank. A helical CT scan, 
ultrasound, or intravenous pyelography usually 
provides the diagnosis.

Many kidney injuries can be managed with obser-
vation and bedrest until gross hematuria resolves. 
However, vascular injury may necessitate surgical 
repair or nephrectomy. Optimal fl uid balance must 
be maintained. Low-dose dopamine may be ordered 
to promote kidney perfusion. Complications may 
include arterial or venous thrombosis, acute kidney 
failure, bleeding, urinary fi stula formation, and late-
onset hypertension.

Bladder Trauma
The bladder can be lacerated, ruptured, or con-
tused, most often as the consequence of blunt 
trauma (usually because of a full bladder at the 
time of injury). Bladder injuries frequently are 
associated with pelvic fractures. Injuries to the ure-
thra, which may be evidenced by blood at the ure-
thral meatus, a scrotal hematoma, or a displaced 
prostate gland, must be ruled out before placing a 
urinary catheter.13

A bladder injury can cause intraperitoneal or 
extraperitoneal urine extravasation. Extraperitoneal 
extravasation can often be managed with urinary 
catheter drainage. Intraperitoneal extravasation 
requires surgery and is associated with a high mor-
tality rate because of associated injuries that occur 
secondary to the force involved and peritonitis. A 
suprapubic cystostomy tube may be placed tempo-
rarily after intraperitoneal rupture. Complications 
are infrequent, but infection from the urinary cath-
eter or sepsis from extravasation of infected urine 
can occur. Patients may experience an inability to 
void or shoulder pain (caused by urine extravasation 
into the peritoneal space).

Musculoskeletal Injuries
Major causes of trauma-related musculoskeletal 
injuries include MVCs; falls; industrial, farming, 
and home injuries; and assaults. Musculoskeletal 
injuries require prompt recognition and stabiliza-
tion to promote optimal recovery and function.

There are many types of musculoskeletal injuries:

• Fractures are classifi ed according to type (Fig. 34-5), 
cause, and anatomical location. Open fractures are 
further classifi ed as grade I, II, or III, depending on 
the tissue damage involved.

• Dislocations occur when the articulating surfaces 
of a joint are no longer in contact. Injuries to ves-
sels, nerves, and ligaments are often associated 
with dislocations.

• Amputations are classifi ed according to the 
amount of tissue, nerve, and vascular damage. 
A cut (guillotine) amputation has clean lines and 
well-defi ned edges, whereas a crush amputation 
has ill-defi ned edges and more soft tissue damage. 
An avulsion amputation occurs when part of the 
body is stretched and torn away.

Musculoskeletal assessment is usually part of the 
secondary survey. If limb swelling, echymosis, or 
deformity is noted, the nurse tests the extremities 
for capillary refi ll, pulses, crepitus, muscle spasm, 
movement, sensation, and pain. Physical exami-
nation for pelvic fractures includes inspection for 
abrasions, lacerations, contusions, and symmetry 
of the lower extremities, and palpation to assess 
for rotational and vertical instability. Rectal and 
vaginal examinations are performed to assess for 
a urethral tear in males and an open fracture in 
females.13 Appropriate imaging studies (eg, radio-
graphs, CT, magnetic resonance imaging [MRI]) 
are ordered according to physical examination 
fi ndings.

Pelvic fractures are classifi ed in a variety of ways 
(Box 34-6).Treatment goals are to control bleeding 
and to prevent loss of function and infection caused 
by open fractures. A pelvic binder or external fi xator 
is applied for temporary stabilization and to control 
bleeding. Embolization of arterial bleeding in the 
pelvic region is indicated for hemorrhage control.14 
Permanent repair with internal fi xation is usually 
performed within 24 to 72 hours of injury when the 
patient is adequately resuscitated and hemodynami-
cally stable.

Patients with musculoskeletal trauma require 
continuous assessment. Infection is common in 
open injuries. Any musculoskeletal injury involving 
bone or soft tissue can cause neurological or vas-
cular compromise because nerves and blood ves-
sels are located in such close proximity to the bones 
and muscles. Serious complications of musculo-
skeletal injuries include compartment syndrome, 
fat embolus syndrome, deep venous thrombosis 
(DVT; see Chapter 13), and pulmonary embolus (see 
Chapter 16).

Compartment Syndrome
Compartment syndrome occurs when the pressure 
within the fascia–enclosed muscle compartment is 
increased, compromising blood fl ow to the muscles 
and nerves in the compartment and resulting in tis-
sue ischemia. Prolonged elevation of compartmen-
tal pressure leads to death of the tissues involved. 
Patients with higher diastolic pressures are able to 
tolerate higher tissue pressures without ischemic 
damage. Hypotensive trauma patients may experi-
ence signifi cant muscle ischemia at lower compart-
ment pressures.

RED FLAG! Signs and symptoms of compartment 
syndrome include increased pain in the affected 
area that is “out of proportion” to the injury, 
decreased sensation and paresthesia (“pins and 
needles”), fi rmness of the affected area, and pallor 
and pulselessness (late signs). 

If the compartment syndrome progresses to the 
point that the patient is showing late signs, loss 
of the affected extremity is threatened. If signs or 
symptoms of compartment syndrome are present, 
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Oblique Spiral Transverse

Linear Greenstick Segmented Angulated Comminuted Butterfly

DisplacedClosedOpenImpacted

F I G U R E  3 4 - 5  Examples of fracture types.

the orthopedic or general surgeon must be notifi ed 
immediately. Treatment is with fasciotomy (opening 
of the fascia) of the involved compartment.

Fat Embolism Syndrome
Fat emboli are fat globules in the lung tissue and 
peripheral circulation after a long bone fracture or 
major trauma. Although fat emboli may not cause 
systemic symptoms, some patients develop fat embo-
lism syndrome (progressive respiratory insuffi ciency, 
thrombocytopenia, and decreased mental status).

RED FLAG! Signs and symptoms of fat embolism 
syndrome usually develop within 72 hours of 
injury and include tachypnea, dyspnea, cyanosis, 
tachycardia, and fever. 

Maxillofacial Trauma
Fractures of the facial bones can be classifi ed accord-
ing to Le Fort’s classifi cation (Fig. 34-6). Maxillofacial 
trauma can cause airway obstruction and death if 
an airway and breathing are not adequately and 
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B O X  3 4 - 6   Classifi cation Schemes for Pelvic Fractures

Tile’s Classifi cation

Type A, Stable
A1, without involvement of pelvic ring
A2, with involvement of pelvic ring

Type B, Rotationally Unstable
B1, open book
B2, ipsilateral lateral compression (LC)
B3, contralateral LC

Type C, Rotationally and Vertically Unstable
C1, rotationally and vertically unstable
C2, bilateral
C3, with associated acetabular fracture

Young and Burgess Classifi cation

Lateral Compression (LC)
I, sacral compression on side of impact
II, iliac wing fracture on side of impact
III, LCI or LCII injury on side of impact with contralat-

eral open-book injury

Anterior Posterior Compression (APC)
I, slight widening of pubis symphysis or anterior part 

of sacroiliac joint with intact anterior and posterior 
sacroiliac ligaments

II, widened anterior part of sacroiliac joint with 
disrupted anterior and intact posterior sacroiliac 
ligaments

III, complete disruption of the sacroiliac joint

Vertical Shear (VS)
Vertical displacement anteriorly and posteriorly

Combined Mechanism (CM)
Combination of other injury patterns

From Frakes MA, Evans T: Major pelvic fractures. Crit Care Nurse 24(2):18–32, 2004.

A. Le Fort I B. Le Fort II C. Le Fort III

F I G U R E  3 4 - 6  Le Fort fractures. A: Le Fort I: Transverse disarticu-
lation of the maxillary dentoalveolar process from the remaining 
basal bone of maxilla and midface. B: Le Fort II: Pyramidal fracture 
involving entire maxilla and nasal complex. C: Le Fort III: Complete 
craniofacial–midface disassociation. (Courtesy of Neil O. Hardy, 
Westpoint, Connecticut.

urgently established. When the  primary survey is 
completed, the maxillofacial injuries are assessed. 
The nurse inspects the face for symmetry and then 
palpates systematically to observe for any move-
ment of bony structures. Because maxillofacial inju-
ries often coincide with head injuries, a thorough 
neurologic examination is necessary.

Many maxillofacial injuries require multiple 
surgeries before the patient is defi nitively treated. 
Because most maxillofacial injuries involve the soft 
tissue, measures to prevent infection and  scarring 
are taken. The nurse continuously assesses the 
patient’s neurological status and seeks to relieve 
pain and anxiety (caused by an inability to see, 
smell, taste, or speak secondary to the injury).

C A S E  S T U D Y

Mr. W., a 17-year-old man, is admitted to the 
trauma resuscitation unit after being involved in an 
motor vehicle crash (MVC). He was the driver and 
was wearing his seat belt. His car was broadsided. 
He was intubated at the scene. On arrival at the 
emergency department, he is unresponsive, and 
his vital signs are: BP, 100/70 mm Hg; HR, 110 
beats/min; and RR, 12 breaths/min (on ventilator). 
The oxygen saturation is 100%.

After the primary and secondary survey and 
initial radiographs, Mr. W. is taken for a CT scan. 
At this time, his only apparent injury appears to be 
a brain injury. He is transferred to the critical care 
unit, where a tertiary survey is completed according 
to the brain injury protocol. Despite the efforts taken 
in the critical care unit, Mr. W.’s intracranial pressure 
continues to rise. He eventually goes to the operat-
ing room for a decompressive craniectomy.

After the operation, the nurse notices that Mr. 
W.’s ventilator requirements are increasing, his 
urine output is beginning to decrease, and his 
abdomen is fi rm. A bladder pressure of greater 
than 30 cm H2O is obtained. Mr. W. is taken back to 
surgery to manage abdominal compartment syn-
drome by opening the abdomen (skin and fascia).

Mr. W.’s myoglobin levels continue to increase, 
and increased pressures in all four leg compart-
ments are now noticeable. Four compartment fasci-
otomies on Mr. W.’s legs are performed. He is also 
placed on dialysis to prevent further renal injury 
from rhabdomyolysis.
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1. What additional information would be helpful to 
gather to determine the plan of care for Mr. W.?

2. What expectations would the nurse have 
when caring for Mr. W. following his abdominal 
surgery?

3. When caring for an intubated patient with a head 
injury, how does the nurse handle the complica-
tion of compartment syndrome?
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Want to know more? A wide variety of resources to enhance your learn-
ing and understanding of this chapter are available on . Visit 
http://thepoint.lww.com/MortonEss1e to access chapter review 
questions and more!
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A

AAA (Abdominal aortic aneurysm), 
196, 197, 198b

Abdomen
assessment

auscultation in, 352, 355t, 356f
inspection in, 352, 355t
palpation in, 353, 355
percussion in, 353

contour of, abnormal, 355t
Abdominal aortic aneurysm (AAA), 

196, 197, 198b
Abdominal compartment syndrome, 

440, 474, 475, 485
Abdominal contour, 355t
Abdominal fi lms, 358t
Abdominal skin, 355t
Abdominal trauma, 480–483, 480f, 

482b
to bladder, 483
colon, 481
diaphragm rupture, 481
esophageal, 481
kidney, 482–483
liver, 482, 482b
pancreatic, 481
splenic, 481–482, 482b
stomach, 481

Abdominal twitching, cardiac pacing 
and, 87t

Abducens nerve (cranial nerve VI)
assessment of, 296, 297f

ABGS. See Arterial blood gases
Absolute neutrophil count (ANC), 

417
Absorptive dressings, 439
Accelerated idioventricular rhythm 

(AIVR), on electrocardiogram, 
76, 77, 77f

Acceleration contractility index (ACI), 
110t

ACE inhibitors. See Angiotensin-
converting (ACE) enzyme 
inhibitors

Acetaminophen, 265b, 388
for pain management, 36t

Acetazolamide (Diamox), 264t
Acidemia, 213b
Acidosis

metabolic, 213t
respiratory, 213t

management, 365–366
angiography, 365–366
colonoscopy, 365
surgery, 366

Acute lung injury (ALI), 235t
Acute lymphoblastic anemia, 418
Acute myelogenous leukemia, 418
Acute myocardial infarction (AMI)

of chest pain, 145t
complications of, 185

Acute pancreatitis
assessment, 367, 367b
causes of, 366b
clinical manifestations of, 367b
management, 367–370, 368b–369b

fl uid replacement, 367, 369
nutritional support, 369, 370
pain management, 369
pancreatic rest, 369
surgery, 370

pathophysiology, 366–367, 366b
Ranson’s criteria for, 367b
systemic effects of, 366b

Acute pericarditis, 203f
Acute respiratory distress syndrome 

(ARDS), 232t, 233, 234b, 234f, 
235–241, 235b, 235t, 236f, 
237t, 238b, 239b–240b, 443

vs. acute lung injury, 235t
assessment of, 235, 237–238, 237t

arterial blood gases, 237, 238
radiographic studies, 238

causes of, 234b
management of, 238–241, 238b, 

239b–240b
collaborative care guide for, 

239b–240b
mechanical ventilation for, 238, 

241
nutritional support, 241
pharmacological, 241
positioning and, 241

pathophysiology of, 235, 236f
prevention of complications, 241

Acute respiratory failure, 229–233, 
230b, 231t, 232t–233t

assessment of, 231
causes of, 230b, 232t–233t
factors in, 230b
intubation and ventilation in, 233b
management, 231, 232t–233t, 233
pathophysiology of, 231, 231t

Acoustic neuromas (cranial nerve 
VIII)

assessment of, 297
Acquired hemolytic anemias, 415t
Acquired immunodefi ciency 

syndrome (AIDS)
clinical indicator conditions, 420b
manifestations of, 419f

Activated partial thromboplastin 
time (APTT), 404, 405t

Active fi xation lead, for cardiac 
pacing, 83b

Acute aortic dissection, 145t
Acute asthma, 250–252, 250t, 251b, 

251f, 252t, 253f
assessment of, 251, 252t
classifi cation of, 250t, 252t
management of, 252, 253f
pathophysiology of, 251, 251f

Acute coronary syndromes, 179–191
angina pectoris. See Angina 

pectoris
infarction, 180
injury, 180, 181f
ischemia, 179, 180, 181f

Acute Dialysis Quality Initiative 
(ADQI), 274t

Acute disseminated intravascular 
coagulation, 410

Acute gastrointestinal bleeding
lower

assessment, 365
etiology, 365, 365b
management, 365–366

upper
assessment, 362–363, 363t
etiology, 361–362, 362b
management, 363–364, 363b, 

364f, 365b
Acute hypercapnic respiratory 

failure, 230, 233t
Acute hypoxemic respiratory failure, 

230, 232t–233t
Acute Kidney Injury Network (AKIN), 

274t
Acute lower gastrointestinal 

bleeding
assessment, 365
causes of, 365b
etiology, 365, 365b

angiodysplasia, 365
diverticulosis, 365

Index

487

Note: Page numbers followed by b indicate boxed material; those followed by f indicate fi gures; those followed by t indicate tables.
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Acute tubular necrosis (ATN)
clinical manifestations of, 276
diuretic phase of, 276
ischemic, 276, 276f
oliguric/nonoliguric phase of, 275, 

276, 276b
onset phase of, 275
recovery phase of, 276
toxic, 276–277, 277b

Acute upper gastrointestinal 
bleeding, 363–364, 363b, 364f, 
365b

assessment, 362–363, 363t
diagnostic studies, 362, 363
history, 362
laboratory studies, 362, 363t
physical examination, 362

causes of, 362b
defi nitive management, 364, 364f, 

365b
angiography, 364
endoscopy, 364
surgery, 364, 365b
transjugular intrahepatic 

portosystemic shunt, 364, 364f
etiology, 361–362, 362b

esophageal varices, 361–362
Mallory–Weiss tears, 362
peptic ulcer disease, 361
stress-related erosive syndrome, 

361, 362b
indications for, 365b
initial management, 363–364

nasogastric intubation, 364
pharmacotherapy, 364
volume resuscitation, 363, 364

nursing interventions for, 363b
A/C (assist-control) ventilator mode, 

123, 124t, 125f
Acyclovir, in renal failure and 

hemodialysis, 265b
Addiction, 34t
Adenosine, 80t, 81, 139t
ADH. See Antidiuretic hormone (ADH)
Administration, for opioids, 37–38, 

37b
Administrative law, 27
Adrenal cortical insuffi ciency, 382t
Adrenal crisis

assessment, 396–397, 396b
management, 397
signs and symptoms of, 396b

Adrenal gland, 381–383, 382f, 382t
history and physical examination, 

382, 382t
laboratory studies

cortisol levels, 382, 383
cortisol stimulation, 383

β-Adrenergic blockers, 81, 159, 160, 
183, 188, 388t

Adrenocorticotropic hormone 
(ACTH), 382

Advanced age, affecting wound 
healing, 436t

Advanced cardiac life support 
(ACLS), 81

Age, for cardiovascular disease, 
145b

IgE-mediated anaphylaxis, 463
management, 464, 464b
non-IgE responses, 463

Anaphylactoid reactions, 463, 463b
Anemia

aplastic, 415t
assessment, 415
chronic disease, 415t
management

blood transfusion, 416, 416b
erythropoietin-stimulating 

proteins, 416
nursing interventions for, 416b
nutritional supplementation, 

415, 416
types of

blood loss, 414
defi ciency, 414, 415t
hemolytic, 414, 415t

Aneurysms
aortic, 196, 197, 197f, 198b
cerebral

assessment, 329, 330, 331t
management, 330, 331–332, 332f
pathophysiology, 329

clipping of, 330, 332f
coiling for, 330

Angina pectoris
assessment, 182, 182b
of chest pain, 145t
management of

invasive therapy for, 183
pharmacological, 182, 183

types of
stable, 181
variant, 182

Angiodysplasia, 365
Angiography, 360t

lower gastrointestinal bleeding, 
365–366

upper gastrointestinal bleeding, 
364

Angiomas
cherry, 425t
spider, 427

Angiotensin-converting enzyme 
(ACE) inhibitors, 161–162, 
194, 462t

for myocardial infarction, 188
Antegrade pyelography, 261t
Anterior cord syndrome, 342f, 343
Anterior posterior compression (APC), 

485b
Anticoagulants

affecting wound healing, 436t
low-molecular-weight heparins, 158
unfractionated heparin, 158

Anticoagulation therapy, 336
Antidiuretic hormone (ADH)

diabetes insipidus, 386, 386t
assessment, 386
management, 386, 386t

syndrome of inappropriate 
antidiuretic hormone 
secretion, 384–385, 385b

assessment, 384–385, 385b
causes of, 385b
management, 385

Air embolism
central venous pressure 

monitoring and, 98
Air, in circuit, with continuous renal 

replacement therapy, 270
Air trapping, 210t
Airway(s)

artifi cial. See Artifi cial airways
assessment of

with burns, 447b
patient with trauma, 473t
suctioning and, 119, 119b, 119f, 

120b
Airway clearance adjunct therapies, 

220
Airway obstruction, 230b
Airway pressure release ventilation 

(APRV), 124t, 125, 126–127, 
126f, 238

AIVR. See Accelerated idioventricular 
rhythm

Alanine aminotransferase (ALT), 
356, 357t

Alarm(s), mechanical ventilation 
and, 127, 131t

Albumin, 57t
nutritional status and, 48t

Albumin/globulin ratio, normal 
values for, 356t

Alkalemia, 213b
Alkaline phosphatase (AP), 357t
Alkalosis

metabolic, 213b
respiratory, 213t

Allen’s test, 95, 97t
Allopurinol, 265b
α-fetoprotein (AFP), normal values 

for, 356t
Alveolar hemorrhage, 232t
Alveolar ventilation, 217t
Alveoli, 232t
American Association of Critical-

Care Nurses (AACN)
certifi cation by, 1–2
synergy model, 5

American Thoracic Society (ATS), 
227, 228b

AMI. See Acute myocardial infarction 
(AMI)

Amiloride (Midamor), 264t
Aminoglycosides, 277
Amiodarone, 80t, 139t
Ammonia, normal values for, 357t
Amoxicillin, in renal failure and 

hemodialysis, 265b
Ampicillin, in renal failure and 

hemodialysis, 265b
Amrinone, 462t
Amylase

serum, normal values for, 357t
urine, normal values for, 357t

Analgesics
nonopioid, 35
opioid, 36t, 37–39, 37b

Anaphylactic shock
agents, 463b
assessment, 463–464, 464b
clinical manifestations of, 464b
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Antidysrhythmics, 79–81, 80t
adenosine, 81
atropine, 81
β-adrenergic blockers, 159, 160
calcium channel blockers, 160
class I, 79, 81
class II, 81
class III, 81
class IV, 81
digoxin, 81, 160–161
magnesium sulfate, 81
medications, 80t

Antiemetics, 36t
Antihyperlipidemics, 162
Anti-infl ammatory agents

corticosteroids, 225
leukotriene receptor antagonists, 

225–226
mast cell stabilizers, 225

Antimicrobial agents
topical, for burns, 452, 452t

Antinuclear antibody (ANA), 406t, 
417

Antiplatelet, 188
Antithyroid drugs, 387
Anxiolytics, for pain management, 39
Aortic aneurysm, 196, 197, 197f, 

198b
abdominal, 196, 197, 198b
thoracic, 197, 198, 198b

Aortic dissection, 198, 198f
Aortic pulsations, abdominal, 

abnormal, 355t
Aortic regurgitation, 149t
Aortic stenosis, 149t
Aplastic anemia, 415t
Apnea test, 302b
Appropriate staffi ng, 3b–4b, 5
APRV. See Airway pressure release 

ventilation (APRV)
ARDS. See Acute respiratory distress 

syndrome (ARDS)
Arousal, of increased ICP and 

herniation, 306t
Arterial blood gases (ABGs), 211–

212, 212b, 212f, 213b, 213t, 
214b, 229t, 231, 388, 446, 466b

acid–base disorders, 213t
interpreting, 212, 214b
measuring oxygen in the blood 

and, 212, 212f
measuring pH in the blood, 212, 

213b, 213t
Arterial oxygen content (CaO

2), 111t
Arterial oxygen delivery index 

(DaO2I), 111t
Arterial pH (pHa), 111t
Arterial pressure monitoring

complications of, 95, 97
accidental blood loss, 95, 97
impaired circulation, 97
infection, 97

of data interpretation, 95, 97f
equipment and setup, 94, 97f

Arteriovenous malformations 
(AVMs), 332–333, 333t

assessment, 332
management of, 333, 333t

B

Bacitracin, for burns, 452t
Band neutrophils, 403t
Barbiturate coma, for reducing 

intracranial pressure, 314
Barium enema, 358t
Barotrauma, mechanical ventilation 

and, 122
Base excess/base defi cit (BE/BD), 

111t
Basophils, 403t
Benefi cence, principle of, 24b
Benzodiazepines

for pain management, 36t
BHT (bronchial hygiene therapy), 

219–221, 221f
airway clearance adjunct therapies 

and, 220
chest physiotherapy and, 220–221, 

221f
coughing and deep breathing and, 

219–220
Bicarbonate replacement

diabetic ketoacidosis, 391, 394
Bilayered dressings, 439
Bile formation and secretion, 356
Bilevel positive-pressure (BiPAP) 

ventilation mode, 124t, 127
Bilirubin, 467t

serum, normal values for, 356t
urine, normal values for, 356t

Biochemical markers
brain-type natriuretic peptide, 152
cardiac enzymes, 151, 152b
C-reactive protein, 153
D-dimer, 153
myocardial proteins, 152

Bioethics. See Ethical issues
Biological valves, 201b
Biopsy, gastrointestinal, 359t
Biot’s respiration, 210t
BiPAP (bilateral positive-pressure) 

ventilation mode, 124t, 127
Bipolar lead, for cardiac pacing, 83b
Birthmarks, 427
Biventricular support system, 177f
Bladder trauma, 483
Blood cholesterol, 145b

normal values for, 356t
Blood glucose

control of, 336
Blood loss

anemia, 414
arterial pressure monitoring and, 

95, 97
Blood pressure

assessment of, 295
Blood products, 474
Blood studies, 259–260, 259t, 260b

blood urea nitrogen, 260, 260b
hematocrit and hemoglobin, 260
osmolality, 260
serum creatinine, 260
serum electrolytes, 260
uric acid, 260

Blood transfusion, 416
complications of, 416b

Artifi cial airways
endotracheal tube and, 115, 

116–117, 116b, 116f, 116t, 117b
nasopharyngeal, 114, 115, 115f
oropharyngeal, 114, 115f
tracheostomy, 118–119, 118b, 

118f
Ascites, 373
Aspartate aminotransferase (AST), 

356, 357t
Aspiration

bone marrow, 404
Aspirin, 361

for pain management, 36t
Assist-control (A/C) ventilator mode, 

123, 124t, 125f
Asthma, 232t

acute, 250–252, 250t, 251b, 251f, 
252t, 253f

assessment of, 251, 252t
classifi cation of, 250t, 252t
management of, 252, 253f
pathophysiology of, 251, 251f

Astrocytomas, 326t
Asynchronous pacing, 83b
Atelectasis, 232t
Atelectrauma, mechanical ventilation 

and, 122
ATN. See Acute tubular necrosis
Atrial dysrhythmias

fi brillation, on electrocardiogram, 
73, 73f

fl utter, on electrocardiogram, 72, 
73, 73t

paroxysmal supraventricular 
tachycardia, 72, 72t

premature atrial contraction, 
71–72, 72f

Atrial enlargement, 66, 67, 67f
Atrial fi brillation, 73, 73f
Atrial fl utter, 72, 72t, 73, 73t
Atrioventricular block (AV), 77–79, 

78b
bundle branch block, 79, 79f
fi rst-degree, 77
second-degree, 77
third-degree, 77, 79

Atropine, 80t, 81, 139t
Auscultation, 117, 210–211, 211t

continuous sounds, 211
discontinuous sounds, 211
egophony, 211
friction rubs, 211
in gastrointestinal assessment, 

352, 355t, 356f
hematological and immune 

systems, 400
whispered pectoriloquy, 211

Auscultation, in cardiovascular 
assessment, 147–150, 147f, 
148b, 149t

Authentic leadership, 4b, 5
Autolytic debridement, 439
Automated external defi brillation 

(AED), 140
Autonomic dysrefl exia, with spinal 

cord injury, 344, 344b
Axial loading injuries, 341
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Blood urea nitrogen (BUN), 260b, 
278, 363t

Blunt injury, 470–471, 471f
Body temperature

assessment of, 294
Bolus feedings, 51
Bone fl ap infection, with brain 

tumors, 330t
Bone marrow

aspiration and biopsy, 404
Bony thorax fractures, 475, 477–478, 

478f
Bowel management, with spinal cord 

injury, 348
Bowel sounds, abnormal, 355t
Braden Scale, 429, 431f
Bradypnea, 210t
Brain death

determination of, 302–303, 302b
Brain parenchyma, intracranial 

pressure and, 305, 305b
Brainstem auditory evoked response 

(BAER), 301t
Brain tumors, 326–329, 326t–327t, 

328f, 329b, 330t
assessment, 328–329, 328f, 329b
management, 329, 330t
pathophysiology of, 326
signs and symptoms of, 328f

Brain-type natriuretic peptide (BNP), 
152

Breathing
assessment of

with burns, 447b
labored, 209
patient with trauma, 473t

Breath sounds
bronchial, 211t
bronchovesicular, 211t
tracheal, 211t
vesicular, 211t

Bronchial diseases, 230b
Bronchial hygiene therapy (BHT), 

219–221, 221f
airway clearance adjunct therapies 

and, 220
chest physiotherapy and, 220–221, 

221f
coughing and deep breathing and, 

219–220
Bronchodilators

β
2-adrenergic blockers, 225

anticholinergic agents, 225
methylxanthines, 225

Bronchopleural fi stula, 223t
Bronchoscopy, in respiratory 

assessment, 217t
Brown-Séquard cord syndrome, 341, 

342f, 343
Bulla, 426t
Bumetanide (Bumex), 264t
Bundle branch block, on 

electrocardiogram, 79, 79f
Bupivacaine, 36t
Burns, 441–455

assessment and management of
collaborative care guide for, 

450b–451b

Cardiac index (CI), 106t
Cardiac monitoring, 67, 68, 69f, 70b, 

70t
Cardiac output, 106t

determination of, 106–109, 106t, 
107f, 108f, 109f, 110f, 110t

arterial pressure-and waveform-
based, 108

esophageal Doppler monitor for, 
109, 110f

impedance cardiography for, 
109, 109f, 110t

thermodilution method, 107, 
108, 108f, 109f

heart failure
fl uids, 195
heart rate, 196
inodilators, 195
inotropes, 195
vasodilators, 195–196

in septic shock, 466
shock, 461, 462t, 463
stroke volume

afterload and, 107
contractility and, 107
preload and, 106, 107

Cardiac pacing, 82, 83–88, 83b, 83f, 
84b, 85b, 85f, 86b, 87f, 87t, 
88f, 89f

asynchronous, 83b
demand (inhibited), 83b
dual-chamber (physiological), 83b
functioning of, 85, 86b
indications for, 83b
multisite, 83b
nursing care of

postprocedure, 86, 87f, 87t, 88, 
88f, 89f, 89t–90t

preprocedure, 85, 86
overdriving, 83b
rate-responsive (rate-adaptive; 

rate-modulated), 83b
types of

permanent pacing systems, 82, 
83f

temporary pacing systems, 83, 
84–85, 84b, 85b, 85f

Cardiac surgery
coronary artery bypass graft 

surgery, 162–164, 163t, 164b
internal mammary artery grafts 

for, 163, 163b
off pump, 163, 164
radial artery grafts for, 163, 

163b, 164, 164b
saphenous vein grafts for, 162, 

163, 163b
postoperative care, 165–171, 165f, 

166b, 167t, 168b–169b
hypothermia prevention and, 

166
monitoring bleeding and, 170
monitoring for dysrhythmias 

and, 170
monitoring for infection and, 

171
neurological complication 

prevention and, 170

escharotomy and, 449
hemodynamic support for, 448, 

448b
musculoskeletal support for, 449
nutrition for, 449
pain management for, 449, 452
physical rehabilitation for, 453
primary survey for, 447, 447b
psychological rehabilitation and, 

453
psychological support for, 453
pulmonary support for, 448–449
during rehabilitative phase, 453
during reparative phase, 449–

453, 450b–451b, 452t
during resuscitative phase, 448–

449, 448b
secondary survey for, 447, 447b
wound care for, 452–453, 452t

case study of, 453–455
chemical, 441
classifi cation of, 441–443

by causative agent, 441–442
by depth, 442, 442b
by severity, 443, 443f, 444b

electrical, 441–442
full-thickness, 442t
infection with, 446
partial-thickness, 442t
pathophysiology of, 443, 444, 445b, 

445f
localized tissue response and, 

443, 445b
systemic response and, 443, 444

pulmonary injury with, 444, 446, 
446b, 446t

superfi cial, 442t
teaching and discharge planning for, 

451b
thermal, 441
total body surface area and, 443
trauma with, 446, 447

C

CABG. See Coronary artery bypass 
graft (CABG)

CAD. See Coronary artery disease 
(CAD)

Calcium alginates, 439
Calcium channel blockers, 81, 160

for heart failure, 194
Calcium chloride, 139t
Calcium replacement, 60, 60b
Caloric ice-water test, 302b
CaO2 (arterial oxygen content), 111t
CAP. See Community-acquired 

pneumonia (CAP)
Captopril, 265b
Capture, 83b
Carbon dioxide monitoring, 117
Carbonic anhydrase inhibitors, 264t
Carbon monoxide, 446, 446t
Cardiac contusion, 479
Cardiac dysrhythmias, in renal 

failure, management of, 280, 
281f
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nursing responsibilities in, 166b
pain control and, 166
pulmonary complication 

prevention and, 170
renal complication prevention 

and, 171
supporting cardiac output and, 

169–170
preoperative care, 164–165, 165b

Cardiac tamponade, 479
Cardiogenic shock, 183

assessment, 461, 462b
management

cardiac output, 461, 462t, 463
left ventricular workload, 463

pathophysiology, 460, 461, 461f
Cardiomyopathy, 198–199, 199t

dilated, 198–199, 199t
hypertrophic, 199, 199t
primary, 199t

Cardiopulmonary arrest, 136b
Cardiopulmonary bypass

for cardiac surgery, 164b
effects of, 167t

anticoagulant, 167t
damage to blood cells, 167t
hemodilution, 167t
increased capillary permeability, 

167t
microembolization, 167t
procoagulant, 167t
systemic vascular resistance, 

167t
Cardiopulmonary resuscitation 

(CPR), 43, 137, 138, 139f, 140, 
140f

airway, 138, 140f
breathing, 138, 140
circulation, 137, 138, 139f

Cardiovascular assessment
cardiac catheterization, 154t–155t
cardiac laboratory studies in

biochemical markers in, 151–
153, 152b

routine blood tests in, 150, 150t
serum lipid levels in, 150, 151, 

151t
case study of, 156
chest radiography in, 153t
computed tomography, 154t
coronary angiography in, 155t
diagnostic studies in, 153, 

153t–155t, 156b
electrophysiology studies in, 155t
hemodynamic monitoring in. See 

Hemodynamic monitoring
history in, 143–145, 144b, 145b, 

145t
intravascular ultrasound in, 

155t
magnetic resonance imaging in, 

154t
physical examination in

auscultation in, 147–150, 147f, 
148b, 149t

inspection in, 146, 146f
palpation in, 146–147
percussion in, 147

complications of, 98
air embolism, 98
infection and, 98
pneumothorax, 98
thrombosis, 98

data interpretation, 97
Cerebral angiography, in 

neurological assessment, 300t
Cerebral blood fl ow (CBF), 

intracranial pressure and, 304
Cerebral edema, 305b

with traumatic brain injury, 321
Cerebral hemorrhage, 329, 330–332, 

331f, 331t, 332f
arteriovenous malformations, 

332–333, 333t
assessment, 332
management, 333, 333t

cerebral aneurysm
assessment, 329, 330, 331t
management, 330, 331–332, 

332f
pathophysiology, 329

Cerebral ischemia, 321
Cerebral perfusion

with traumatic brain injury, 323b
Cerebral perfusion pressure (CPP), 

310
Cerebrospinal fl uid (CSF), 319

circulation of, intracranial 
pressure and, 305

Cerebrovascular injury, traumatic 
brain injury and, 320–321

Certifi cation
value of, 1–2

Chemical burns, 441
Chemical debridement, 439
Cherry angioma, 425t
Chest, in cardiovascular assessment, 

146
Chest pain, in heart failure, 193t
Chest percussion and vibration, 220
Chest physiotherapy, 220–221, 221f

chest percussion and vibration, 
220

patient positioning, 220, 221
postural drainage, 220, 221f

Chest radiography
in cardiovascular assessment, 146
in respiratory assessment, 217t

Chest tubes, 223–225, 223f, 223t, 
224b

drainage system, 223f, 224b
equipment for, 223–224, 223f
placement of, 224, 224b
removal of, 225

Cheyne–Stokes respiration, 210t
Chloroprocaine, 36t
Chlorothiazide (Diuril), 264t
Cholesterol. See Blood cholesterol
Chronic bronchitis, 247, 248b
Chronic heart failure, 193, 194
Chronic obstructive pulmonary 

disease (COPD), 232t, 245, 
247–250, 247t, 248b, 249t

assessment of, 248–249, 248b
chronic bronchitis in, 247, 248b
emphysema, 247, 248b

positron emission tomography in, 
154t

single-photon emission computed 
tomography in, 154t

standard 12-lead electocardiogram 
in, 153t

stress testing in, 154t
transesophageal echocardiography 

in, 154t
transthoracic echocardiography 

in, 153t
Cardiovascular complications, in 

renal failure, 280
Cardiovascular dysfunction, 468
Cardiovascular system

cardiac surgery
coronary artery bypass graft 

surgery, 162–164, 163t, 164b
postoperative care, 165–171, 

165f, 166b, 167t, 168b–169b
preoperative care, 164–165, 

165b
transmyocardial 

revascularization, 164
IABP. See Intraaortic balloon 

pump counterpulsation (IABP)
PCI. See Percutaneous coronary 

intervention (PCI)
pharmacotherapy

angiotensin-converting enzyme 
inhibitors for, 161–162

anticoagulants for, 158, 158b
antidysrhythmics for, 159, 

160–161
antihyperlipidemics for, 162
direct thrombin inhibitors, 158
fi brinolytics for, 157, 158b
inotropes for, 159, 159t, 160t
phosphodiesterase III inhibitors 

for, 161
platelet inhibitors for, 159
vasodilators for, 161
warfarin, 158, 158b

Carotid endarterectomy, 315
Casts, urinary, 258t
Catheter dislodgement, cardiac 

pacing and, 87t
CBF (cerebral blood fl ow), 

intracranial pressure and, 304
Cefazolin, in renal failure and 

hemodialysis, 265b
Cefepime, in renal failure and 

hemodialysis, 265b
Cefoxitin, 265b
Ceftazidime, in renal failure and 

hemodialysis, 265b
Celecoxib (Celebrex), for pain 

management, 36t
Central cord syndrome, 341, 342f
Central cyanosis, 209
Central nervous system (CNS), 230b, 

233t, 467t
causes of, 385b

Central venous oxygen saturation 
(ScvO

2), 111t
Central venous pressure (CVP) 

monitoring, 97–98, 98b
causes of alterations in, 98
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Chronic obstructive pulmonary 
disease (COPD) (continued)

history and physical examination 
for, 248b

indications for, 248b
management of, 249–250, 249t

nutritional support for, 249
oxygen therapy for, 249, 250
pharmacological, 249
surgical, 250
therapeutic guidelines for, 249t

pathophysiology of, 247, 248
Chronotropic incompetence, 83b
Chylothorax, 223t
Cimetidine, in renal failure and 

hemodialysis, 265b
Circulation

with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 239b
after cardiac surgery, 168b
assessment of, with burns, 447b
with burns, 450b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 283b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 189b
patient with trauma, 473t
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

Cirrhosis, 371–372, 372f
Cleansing

wound care, 452
Clipping, of aneurysms, 330, 332f
Clotting

with continuous renal replacement 
therapy, 270

disseminated intravascular 
coagulation, 410

laboratory studies, 405t
massive intravascular, 410t
microvascular, 410t
secondary depletion, 410t

Clubbing, 209, 428, 428f
Coagulation, 467t
Codeine, for pain management, 36t
Code management

advanced cardiac life support 
measures, 140, 141b, 141f

equipment and medications, 136, 
137, 138t, 139t

improving patient outcomes, 135, 
135b, 136b, 137b

life support measures, 137, 138, 
139f, 140, 140f

automated external 
defi brillation, 140

cardiopulmonary resuscitation, 
137, 138, 139f, 140, 140f

post–cardiac arrest care, 141
team members, 137b

Coiling, for aneurysms, 330

Coronary artery bypass graft (CABG)
cardiac surgery, 162–164, 163t, 

164b
internal mammary artery grafts 

for, 163
off pump, 163, 164
radial artery grafts for, 163, 164, 

164b
saphenous vein grafts for, 162, 

163
Coronary artery disease (CAD), 180b
Corpus callosotomy, for seizures, 

339t
Corticosteroids, 225
Cortisol

levels, 382, 383
stimulation, 383

Coughing, in bronchial hygiene 
therapy, 219–220

CPAP (Continuous positive airway 
pressure) mode, 124t, 126f, 
127

C-peptide level, 381
CPP (cerebral perfusion pressure), 

310
CPR. See Cardiopulmonary 

resuscitation (CPR)
Cranial nerves, assessment of, 295, 

296–298, 296t, 297f, 298t
Craniopharyngiomas, 327t
Craniotomy, 314–315
C-reactive protein (CRP), 153, 406t
Creatine kinase (CK), 152b
Creatinine, 467t

in acute kidney injury, 278
Creatinine clearance, 258t, 259
Criminal law, 28
Critical Care Family Needs Inventory 

(CCFNI), 11
CRRT. See Continuous renal 

replacement therapy (CRRT)
Crusts, 427t
Crystalloids, 56, 57b, 460t

for trauma, 474, 474t
Crystal(s), urinary, 258t
CSF (cerebrospinal fl uid)

circulation of, intracranial 
pressure and, 305

CT. See Computed tomography (CT)
Cultures, of wounds, 440, 440b, 440f
Cushing’s triad, 305, 306t
CvO

2 (venous oxygen content), 111t
Cyanosis, 424t
Cysts, of skin, 426t
Cytotoxic edema, 305b

D

DAI (diffuse axonal injury), 320
Damage control, with trauma, 

474–475
DaO2I (arterial oxygen delivery index), 

111t
D-dimer levels, 404, 405t
Dead space, 217t
Debridement, 439–440

autolytic, 439

Collaboration, true, 3b, 5
Colloids, 460t

for trauma, 474
Colonoscopy, 359t

lower gastrointestinal bleeding, 
365

Colon trauma, 481
Colony-forming units (CFUs), 446
Comatose, defi nition of, 291b
Combined mechanism (CM), 485b
Comfort

with acute pancreatitis, 369b
with acute respiratory distress 

syndrome, 240b
after cardiac surgery, 169b
with burns, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 393b
with disseminated intravascular 

coagulation, 412b
with impaired renal function, 284b
on mechanical ventilation, 129b
with multisystem trauma, 477b
with myocardial infarction, 190b
with spinal cord injury, 347b

Communication
in end-of-life care

of bad news, 43–44
establishing treatment goals and 

priorities and, 43
skilled, 2, 3b, 4–5

Community-acquired pneumonia 
(CAP), 227, 228b, 229t

Compartment syndrome, 483, 484
Complement system, 406t
Complete blood count (CBC), 400–401, 

466b
Computed tomography (CT), 404, 

466
in cardiovascular assessment, 154t
in gastrointestinal assessment, 

358t
in neurological assessment, 299t
in respiratory assessment, 218t

Concussion, of brain, 319
Consequentialism, 24b
Continuous lateral rotation therapy 

(CLRT), 221
Continuous positive airway pressure 

(CPAP) mode, 124t, 126f, 127
Continuous renal replacement 

therapy (CRRT)
complications of, 270
equipment and setup for, 268–270, 

269f, 270b
hemodialysis compared with, 

264t–265t
indications for, 270b
nursing care of, 270
peritoneal dialysis compared with, 

264t–265t
Contusion, of brain, 319
COPD. See Chronic obstructive 

pulmonary disease (COPD)
Coronary angiography, in 

cardiovascular assessment, 
154t
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of burn wounds, 452, 453
chemical, 439
mechanical, 439–440

Decision making, effective, 3b, 5
Decompressive craniectomy, for 

reducing intracranial pressure, 
314

Deep brain stimulator, for seizures, 
339t

Deep breathing, 10b
in bronchial hygiene therapy, 

219–220
Deep venous thrombosis (DVT), 185

with brain tumors, 330t
Defi ciency anemias, 414, 415t
Delirium

in end-of-life care, 42
Demand pacing, 83b
Depression, in end-of-life care, 42
Dexamethasone, 388t
Dextran, 57t
Diabetes insipidus, 386, 386t

assessment, 386
management, 386, 386t
medications, 386t
with traumatic brain injury, 325

Diabetes mellitus
for cardiovascular disease, 145b
foot ulcers in, 437t

Diabetic emergencies
diabetic ketoacidosis, 389–394, 

390f, 391b, 392b–393b, 394b
assessment, 390, 391b
management, 390, 391–394, 

392b–394b
pathophysiology, 389–390, 390f

hyperosmolar hyperglycemic 
syndrome, 394–395, 394t

assessment, 394t, 395
management, 395
pathophysiology, 394–395, 394t

hypoglycemia, 395–396, 396b
assessment, 395–396, 396b
management, 396
pathophysiology, 395

Diabetic foot ulcers, 437t
Diabetic ketoacidosis (DKA)

assessment in, 390, 391b
clinical manifestations of, 391b
insulin administration, 394b
management, 392b–393b

bicarbonate replacement, 391, 
394

fl uid replacement, 391
insulin therapy, 391, 394b
potassium and phosphate 

replacement, 391
promoting comfort, 394

pathophysiology
coma, shock, and metabolic 

acidosis, 390f
hyperglycemia and 

hyperosmolality, 389
ketoacidosis, 389
volume depletion, 389, 390, 390f

signs and symptoms of, 394t
Dialysis. See Hemodialysis; 

Peritoneal dialysis

Dofetilide, 80t
Doll’s eyes, 302b
Dopamine, 139t, 160t
Dopamine (Intropin)

treatment of shock, 462t
Drainage, of wounds, 438, 439f
Dressings, 438–439

absorptive, 439
bilayered, 439
calcium alginates, 439
foam, 439
hydrocolloids, 439
hydrogels, 439
silver, 439
wet-to-dry, 438, 439

Dual-chamber pacing, 83b
DvO

2I (venous oxygen delivery 
index), 111t

Dying patients. See End-of-life care
Dynamic imaging, in renal 

assessment, 261t
Dynamic response testing, in 

hemodynamic monitoring, 
93–94, 94f

Dysarthria, 291t, 335t
Dysphasia, 291t
Dyspnea

in end-of-life care, 42
in heart failure, 193t

Dysrhythmias
atrial

fi brillation, 73, 73f
fl utter, 72, 73, 73t
paroxysmal supraventricular 

tachycardia, 72, 72t
premature atrial contraction, 

71–72, 72f
junctional

junctional (nodal) rhythm, 73, 
74f

premature junctional 
contractions, 73, 74, 74f

originating in sinus node, 68, 69, 
70, 71, 71f

sinus dysrhythmia, 69
ventricular

accelerated idioventricular 
rhythm, 76, 77, 77f

fi brillation, on 
electrocardiogram, 76, 77f

premature ventricular 
contractions, 74–76, 75f

tachycardia, on 
electrocardiogram, 76, 76f

torsades de pointes, 76, 76f

E

EBP. See Evidence-based practice 
(EBP)

Ecchymoses, 427
Edema

affecting wound healing, 436t
assessment of, 428
cytotoxic, 305b
upper airway, 448–449
vasogenic, 305b

Diaphragm rupture, 481
Diarrhea, with enteral nutrition, 52, 

53
Diastolic dysfunction, 192
Diastolic murmurs, 149, 149t, 150
Diazepam, for pain management, 36t
Diffuse axonal injury (DAI), 320
Diffusion-weighted imaging (DWI), 

300t
Digital subtraction angiography 

(DSA), 330t
Digital subtraction angiography, in 

neurological assessment, 261t, 
300t

Digoxin, 80t, 81, 160–161
for heart failure, 194

Dilated cardiomyopathy (DM), 
198–199, 199t

Diltiazem, 80t
Direct thrombin inhibitors, 158
Disability

assessment of, with burns, 447b
patient with trauma, 473t

Discharge planning
with acute pancreatitis, 369b
with acute respiratory distress 

syndrome, 240b
after cardiac surgery, 169b
with burns, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 393b
with disseminated intravascular 

coagulation, 412b
with impaired renal function, 285b
on mechanical ventilation, 129b
with multisystem trauma, 477b
with myocardial infarction, 191b
with spinal cord injury, 347b
with stroke, 338b

Disequilibrium syndrome, 268
Disseminated intravascular 

coagulation (DIC)
assessment

bleeding, 410
clotting, 410
laboratory fi ndings, 410t

management, 410, 411b–412b
pathophysiology, 408–410, 409b, 

409f
Distraction, for pain management, 39
Distributive shock

anaphylactic
agents, 463b
assessment, 463–464, 464b
IgE-mediated anaphylaxis, 463
management, 464, 464b
non-IgE responses, 463

neurogenic, 463
septic

assessment, 465, 466b
clinical conditions, 464b
management, 465, 466–467
pathophysiology, 465

Diverticulosis, 365
Dizziness, in heart failure, 193t
DKA. See Diabetic ketoacidosis (DKA)
Dobutamine, 139t, 160t, 462t
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Edematous pancreatitis, 366
Egophony, 211
Electrical burns, 441–442
Electrical cardioversion, 81–82, 82t
Electrocardiogram (ECG)

case study of, 91
electrode placement, 64f
in ischemia, 179, 180, 181f
12-lead

detection of dysrhythmias, 63, 
65b, 66b, 66t

electrical axis and, 63, 64, 66, 67f
enlargement patterns on, 66, 67, 

67f
heart rate, 65b
infarction patterns on, 67
injury patterns on, 67
in ischemia, 67
normal, 65t

standard limb leads, 64f
steps in assessing rhythm strips 

and, 66b
troubleshooting monitor problems 

and, 68, 70b
views of heart, 64t
waveforms and intervals on, 62–63, 

63f
Electrocardiogram monitoring, 86, 

87f, 88f, 89f
Electroencephalogram (EEG), 328, 

329
Electroencephalography, in 

neurological assessment, 301t
Electrolyte replacement, with acute 

pancreatitis, 369
Electrolytes, 58, 58t–59t, 60, 60b, 61b

with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 239b
after cardiac surgery, 169b
with burns, 450b
calcium, 60, 60b
causes and interventions, 58t–59t
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 283b
magnesium, 60, 61b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 189b
phosphorus, 60, 61b
potassium, 60, 60b
sodium, 60
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

Electromagnetic interference, 83b
Electrophysiological study (EPS), 82
Elimination, with spinal cord injury, 

347b
Elliptocytes, 402t
Embolization, for arteriovenous 

malformations, 333, 333t
Employers, value of certifi cation to, 2
Enalapril, 265b

dyspnea, 42
nausea and vomiting, 42
pain, 42

Endoscopic retrograde 
cholangiopancreatography 
(ERCP), 359t

Endoscopic ultrasonography, 359t
Endoscopic variceal ligation (EVL), 

364
Endotracheal intubation

complications of, 117b
equipment for, 116b
suctioning, 119, 120b
tubes and, 115, 116–117, 116b, 

116f, 116t, 117b
Endotracheal tube, 115, 116–117, 

116b, 116f, 116t, 117b
End-tidal carbon dioxide (ETCO

2), 
215, 215f, 466b

Enteral nutrition, 47, 48, 49–53
bolus feedings and, 51
complications of, 53b

aspiration, 53
diarrhea, 52–53

continuous feedings and, 51, 52
contraindications to, 49b
feeding tubes and

enterostomal, 49–50, 49f, 51, 51f
nasoenteral, 49, 49f

types of, 52t
Enteroclysis, 359t
Enterostomal feeding tubes, 49–50, 

49f, 51, 51f
fl uoroscopy, 50
laparoscopy, 50
percutaneous endoscopy, 50
surgery, 50

Environmental modifi cation, for 
pain management, 39

Eosinophils, 403t
Ependymomas, 326t
Epicardial temporary pacing 

systems, 84
Epidural analgesia, 38
Epidural hematoma, 319, 320f
Epiglottitis, 232t
Epinephrine, 139t, 160t, 462t

for anaphylactic shock, 464b
Epithelial cells, in urine, 258t
Erosions, 427t
Erythema, 424t
Erythrocytes. See Red blood cells 

(RBCs)
Erythrocyte sedimentation rate 

(ESR), 406t
Erythropoietin-stimulating proteins, 

416
Esmolol, 80t, 265b

for hypertensive emergencies, 197t
Esophageal Doppler monitor 

(EDM), for cardiac output 
determination, 109, 110f

Esophageal trauma, 481
Esophagogastroduodenoscopy 

(EGD), 359t
Ethacrynic acid (Edecrin), 264t
Ethical decision making, 25–26, 25b, 

26f

Enalaprilat
for hypertensive emergencies, 197t

Endocarditis
assessment of, 204, 204b
clinical features of, 204b
management of, 204
risk factors for, 203, 203b

Endocrine assessment
of adrenal gland, 381–383, 382f, 

382t
history in, 378b
of hypothalamus and pituitary 

gland, 377, 378, 379t
if endocrine pancreas, 381
laboratory studies in, 379t
of thyroid gland, 378, 379–381, 379f, 

380f
Endocrine disorders, 384–397

adrenal crisis
assessment, 396–397, 396b
management, 397

antidiuretic hormone secretion
diabetes insipidus, 386, 386t
SIADH, 384–385, 385b

diabetic emergencies
diabetic ketoacidosis, 389–394, 

390f, 391b, 392b–393b, 394b
hyperosmolar hyperglycemic 

syndrome, 394–395, 394t
hypoglycemia, 395–396, 396b

thyroid gland dysfunction
myxedema coma, 388–389
thyrotoxic crisis, 386–388, 387b, 

388t
Endocrine pancreas

history and physical examination, 
381

laboratory studies
C-peptide level, 381
fasting blood glucose level, 381
glucagon level, 381
glycosylated hemoglobin testing, 

381
insulin level, 381
serum ketones, 381
urine ketones, 381

End-of-life care, 41–45
advanced care planning and, 42–43
caring for nurses and, 45
communication and

of bad news, 43–44
establishing treatment goals and 

priorities and, 43
family-centered, 44

bereavement care and, 44
visitation and, 44

legal and ethical issues in, 44
brain death, 44
organ and tissue donation and, 

44
principle of double effect and, 44
withholding or withdrawing life-

sustaining measures and, 44
and palliative care, 41
symptom management of

anxiety and agitation, 42
delirium, 42
depression, 42
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Ethical issues
allocation decisions

of beds, 27
organs for transplantation, 27

ANA Code of Ethics for Nurses and, 
24, 25b

approaches to, 24b
committees and consultation 

services, 24, 25
defi nition, 23
in end-of-life care, 44

brain death, 44
organ and tissue donation and, 

44
principle of double effect and, 44
withholding or withdrawing life-

sustaining measures and, 44
ethical decision making, 25–26, 

25b, 26f
futility of care, 26, 27
principles of bioethics and, 24, 24b

benefi cence, 24b
fi delity, 24b
justice, 24b
nonmalefi cence, 24b
respect for autonomy, 24b
veracity, 24b

withholding or withdrawing 
treatment, 26

Ethics committees, 24, 25
Ethics consultation, 24, 25
Evidence-based practice (EBP)

barriers to implementation of, 2, 
2b

strategies to promote 
implementation of, 2

Evoked potentials, in neurological 
assessment, 301t

Excessive/accelerated fi brinolysis, 
410t

Excretory function, tests for 
evaluating, 357

Expiratory reserve volume, 216t
Exposure

assessment of, with burns, 447b
patient with trauma, 473t

Extrapulmonary disorders, 230b
Extremities

in cardiovascular assessment, 146
impaired circulation to, arterial 

pressure monitoring, 97
renal system, 257

Eyes
in nutritional disorders, 48t

F

Facial nerve (cranial nerve VII), 298t
assessment of, 297, 297f

Facial palsy, 334t
Families. See also Patient’s 

experience with critical illness
cultural sensitivity, 14, 14b
for discharge, 15
family conferences and, 13, 13b, 

14b
identifying family needs, 11, 12b

FNA (fi ne-needle aspiration)
gastrointestinal, 359t

Foam dressings, 439
Focused abdominal sonography for 

trauma (FAST), 480
Foot ulcers, diabetic, 437t
Foreign bodies, affecting wound 

healing, 436t
Fractional excretion of sodium, 258t, 

259
Fraction of inspired oxygen, 222b

mechanical ventilation and, 122
Freckles, 425t
Friction rubs, 150, 211, 355t
Functional residual capacity, 216t
Furosemide (Lasix), 264t

G

Ganciclovir, in renal failure and 
hemodialysis, 265b

Gastric lavage, 359t
Gastric tonometry, 113
Gastric ulceration, 330t
Gastrointestinal assessment

case study of, 360
diagnostic studies in, 358, 

358t–360t
history in, 351, 352b, 353f, 354f
laboratory studies in, 355, 

356–358, 356t–357t
liver function and, 355, 356–357, 

356t–357t
pancreatic function and, 

357–358, 357t
physical examination in, 351, 352, 

353, 355, 355t, 356f
auscultation, 352, 355t, 356f
inspection, 352, 355t
palpation, 353, 355
percussion, 353

Gastrointestinal bleeding (GIB), acute
lower

assessment, 365
etiology, 365, 365b
management, 365–366

upper
assessment, 362–363, 363t
etiology, 361–362, 362b
management, 363–364, 363b, 

364f, 365b
Gastrointestinal complications, in 

renal failure, 281
Gastrointestinal disorders

acute gastrointestinal bleeding
lower, 365–366, 365b
upper, 361–364, 362b, 363b, 

363t, 364f, 365b
acute pancreatitis

assessment, 367, 367b
management, 367–370, 

368b–369b
pathophysiology, 366–367, 366b

hepatic failure
clinical manifestations, 372–373, 

374b–375b
etiology, 370–372, 370b, 371f

invasive procedures and 
resuscitation efforts, 12–13

nursing interventions for care, 12b
problem-solving with, 12b
spirituality, 14, 15
value of certifi cation to, 2
visitation, 12

Family-centered care, in end-of-life 
care, 44

bereavement care and, 44
visitation and, 44

Family conferences, 13, 13b, 14b
Fat embolism syndrome, 484
Fat metabolism, 356t
Fecal fat, 357t
Fenoldopam, for hypertensive 

emergencies, 197t
Fentanyl, for pain management, 36t
Fever, 413t
Fibrin degradation products (FDPs), 

404, 405t, 409
Fibrinolytics, 157, 158b
Fibrinolytic therapy, 188
Fine-needle aspiration (FNA)

gastrointestinal, 359t
Finger-to-nose test, 294
Fissures, 427t
Flecainide, 80t
Fluconazole, in renal failure and 

hemodialysis, 265b
Fluid balance

management of
in acute kidney injury, 282, 285
in chronic kidney disease, 285

Fluid replacement
acute pancreatitis, 367, 369
diabetic ketoacidosis, 391

Fluid resuscitation
for trauma, 473–474, 474t

Fluids, 55–58
with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 239b
after cardiac surgery, 169b
with burns, 450b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 283b
intake and output, 56
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 189b
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b
volume defi cit, 56, 57b, 57t
volume excess, 56, 58
weight, 55

Fluid volume defi cit
maintenance, 56
replacement of, 56, 57b, 57t

colloids, 56, 57t
crystalloids, 56, 57b

Fluid volume excess, 56, 58
Flumazenil, 36t
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GCS (Glasgow Coma Scale), 291, 291b
Gender, for cardiovascular disease, 

145b
Gentamicin

in renal failure and hemodialysis, 
265b

g-glutamyl transferase (GGT), 
normal values for, 357t

Glasgow Coma Scale (GCS), 291, 
291b, 467t

Globulin, normal values for, 356t
Glomerular fi ltration rate 

(GFR), 389
Glossopharyngeal nerve (cranial nerve 

IX), 298t
assessment of, 298

Glucocorticoids, 388t
Glucose, in urine, 257
Glycosuria, 389
Glycosylated hemoglobin testing, 381
Grafts, for burns, 453
Granulocytes, 403t

H

Hair
condition of, 427, 428

HCM (hypertrophic 
cardiomyopathy), 199, 199t

HDL (high-density lipoproteins)
normal values for, 356t

Healing
of wounds

methods of, 434, 435f
phases of, 434, 435f

Healthy work environments (HWEs), 
2, 3b–4b, 4–5

Heart block rhythms, 77, 78b
Heart failure

assessment of
diagnostic studies in, 193
history in, 192, 192b, 193f
laboratory studies in, 193, 194t
physical examination in, 192, 

193, 193b
causes of, 191b
left-sided, 192
management of

acute exacerbations of, 195
cardiac output optimization, 

195–196
chronic heart failure, 193, 194
diuresis, 195
intubation, 195

pathophysiology of, 191–192
right-sided, 192

Heart murmurs, 148–150, 148b, 149t
diastolic, 149, 149t, 150
systolic, 149, 149t

Heart rate
assessment of, 294
cardiac output and, 196

Heart sounds
fi rst, 147, 147f
fourth, 147f, 148
second, 147, 148
third, 147f, 148

of central venous pressure, 97–98, 
98b

causes of alterations in, 98
complications of, 98
data interpretation, 97

indications for, 93b
oxygen delivery and demand 

balance and, 110, 111–113, 
111t

global tissue oxygenation status, 
112

regional tissue oxygenation 
status, 112–113

pressure monitoring system for
ensuring accuracy, 93–94, 94f
system components, 93, 93f
troubleshooting, 94, 95, 96t

of pulmonary artery pressure 
monitoring

catheter insertion for, 99, 100, 
101f

complications of, 105
data interpretation and, 100, 

101–105, 102t, 103f, 104f
pulmonary artery catheter, 

98–99, 99f, 100f
Hemodynamic support, with burns, 

448, 448b
Hemoglobin, 363t

nutritional status and, 48t
Hemolytic anemias, 414, 415t
Hemorrhage

affecting wound healing, 436t
Hemothorax, 223t
Heparin-induced thrombocytopenia 

(HIT), 412
Hepatic encephalopathy, 372, 373
Hepatic failure

clinical manifestations, 372–373, 
374b–375b

hepatic encephalopathy, 
372, 373

hepatorenal syndrome, 373
management, 373, 374b–375b
spontaneous bacterial 

peritonitis, 373
etiology, 370–372, 370b, 371f

cirrhosis, 371–372, 372f
hepatitis B virus, 370, 371
hepatitis C virus, 371
hepatitis D virus, 371

Hepatitis
hepatitis B virus, 370, 371
hepatitis C virus, 371
hepatitis D virus, 371

Hepatitis B virus (HBV), 370, 371
Hepatitis C virus (HCV), 371
Hepatitis D virus (HDV), 371
Hepatobiliary scan, 358t
Hepatocellular injury, tests for 

evaluating, 356
Hepatorenal syndrome, 373
Heredity, for cardiovascular disease, 

145b
Hetastarch, 57t
Hiccups, cardiac pacing and, 87t
High-density lipoproteins (HDL)

normal values for, 356t

Helicobacter pylori, 361
Hematocrit, 363t

nutritional status and, 48t
Hematological and immune 

systems
assessment in

diagnostic studies, 404
history, 399, 400b
immunocompetence, 405, 406, 

407f
laboratory studies, 400–404, 

401t–403t, 404b, 405t, 406b, 
406t

physical examination, 399, 400
disorders

anemia, 414–416, 415t, 416b
disseminated intravascular 

coagulation, 408–410, 409b, 
409f, 410t, 411b–412b

HIV infection, 418–420, 418f, 
420f

lymphoproliferative, 417, 418
neutropenia, 417, 417t
sickle cell disease, 416–417
thrombocytopenia, 412–414, 

413b, 413t
Hematological complications, in 

renal failure, 280, 281
Hematological issues

after cardiac surgery, 168b
Hematologic dysfunction, 468
Hematoma formation, 87t
Hematomas, 319–320, 320f, 482b

epidural, 319, 320f
intraparenchymal, 320, 320f
subdural, 319–320, 320f

Hematopoietic tumors, 327t
Hemodialysis

complications of, 268
disequilibrium syndrome, 268
dysrhythmias and angina, 268
hypertension, 268
hypotension, 268
hypovolemia, 268
muscle cramps, 268

continuous renal replacement 
therapy compared with, 
264t–265t

equipment and setup for, 265–267, 
265b, 266f, 267b, 267f

nursing care of, 268
peritoneal dialysis compared with, 

264t–265t
vascular access for

arteriovenous fi stula and, 266, 
267b, 267f

dual-lumen venous catheter and, 
265, 266, 267b

synthetic graft and, 266–267, 
267b, 267f

Hemodynamic monitoring
of arterial pressure monitoring

complications of, 95, 97
of data interpretation, 95, 97f
equipment and setup, 94, 97f

cardiac output determination and, 
106–109, 106t, 107f, 108f, 
109f, 110f, 110t
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High-frequency ventilation, 121, 
122f, 241

Highly active antiretroviral therapy 
(HAART), 420, 420b

HIV (human immunodefi ciency 
virus)

C clinical indicator conditions, 
420b

CD4+ T cells of, 418, 418f
HAART therapy, 420, 420f
manifestations of, 419f

Hodgkin’s lymphoma, 418
Hospital-acquired pneumonia (HAP), 

228, 229t
Human leukocyte antigen (HLA) 

typing, 406t
Hunt and Hess Grading Scale, 331t
Hydralazine

for hypertensive emergencies, 197t
Hydrochlorothiazide (HCTZ), 264t
Hydrocolloids, 439
Hydrogels, 439
Hydromorphone (Dilaudid)

for pain management, 36t
Hydroxyzine, 36t
Hypercalcemia, 59t
Hypercapnia, 130t
Hypercoagulability

risk factors for, 406b
Hyperemia

with burns, 445
Hyperextension injuries, 341
Hyperfl exion injuries, 339
Hyperglycemia, 363t

diabetic ketoacidosis, 389
Hyperkalemia, 58t–59t
Hypermagnesemia, 59t
Hypernatremia, 58t, 363t

with brain tumors, 330t
Hyperosmolality

diabetic ketoacidosis, 389
Hyperosmolar hyperglycemic 

syndrome (HHS), 394–395, 
394t

assessment, 394t, 395
vs. diabetic ketoacidosis, 394t
management, 395
pathophysiology, 394–395, 394t

Hyperphosphatemia, 59t, 418
Hyperrefl exia, 344, 344b
Hypertension

for cardiovascular disease, 145b
control of, 336
with hemodialysis, 268
in renal failure, management of, 

280
Hypertensive crisis, 196, 197t
Hyperthermia

traumatic brain injury, 321
Hyperthyroidism, 388t
Hypertonic crystalloids, 474, 474t
Hypertrophic cardiomyopathy 

(HCM), 199, 199t
Hyperventilation, 210t

for reducing intracranial pressure, 
314

Hypnotics, for pain management, 39
Hypocalcemia, 59t

central venous pressure 
monitoring and, 98

in renal failure, management of, 
281

Infl ammatory phase of wound 
healing, 434

Inhalation injury, 444, 446, 446b
Inhibited pacing, 83b
In-line suction catheters, 119f
Inodilators, 195
Inotropes, 195
Inotropic agents, 462t
Inspection

cardiovascular assessment, 146
hematological and immune 

systems, 400
Inspiratory capacity, 216t
Inspiratory reserve volume, 216t
Insulin, 188
Insulin-induced hypoglycemia, 395
Insulin therapy, diabetic 

ketoacidosis, 391, 394b
Integumentary complication

in renal failure, management of, 
282

Internal mammary artery grafts, 163
for coronary artery bypass 

grafting, 163, 163b
International normalized ratio 

(INR), 404
Interstitium, 232t
Interventional radiology, 335, 336

intra-arterial thrombolysis, 335
mechanical clot removal, 335, 336, 

336b
Intraaortic balloon pump (IABP) 

counterpulsation, 173–176, 
174f, 175b, 176t

arterial pressure waveform and, 
175b

complications of, 175, 176, 176t
bleeding, 176
impaired circulation, 176
infection, 176
mechanical problems, 175, 176

insertion and operation, 174–175, 
174f, 175b

conventional timing, 174
real timing, 174, 175

weaning from, 176
Intra-arterial thrombolysis, 335
Intracranial abscess, with brain 

tumors, 330t
Intracranial hemorrhage

with brain tumors, 330t
Intracranial pressure (ICP)

cerebral oxygenation monitoring 
of, 309, 310, 310t

brain tissue oxygen monitoring, 
310

CPP monitoring, 310
jugular venous bulb oximetry, 

310
cerebral perfusion pressure and, 

310
clinical manifestations of, 305, 

306t
control of, 336

Hypocapnia, 130t
Hypoglossal nerve (cranial nerve XII)

assessment of, 298
Hypoglycemia, 395–396, 396b

assessment, 395–396, 396b
clinical manifestations of, 396b
common causes of, 396b
management, 396
pathophysiology, 395

Hypokalemia, 58t, 363t
Hypomagnesemia, 59t
Hyponatremia, 58t

with brain tumors, 330t
Hypophosphatemia, 59t
Hypotension, 467t

with hemodialysis, 268
Hypothalamus

diagnostic studies, 378
history, 378
laboratory studies, 378, 379t
physical examination, 378

Hypothermia
following cardiac surgery, 

prevention of, 166
for reducing intracranial pressure, 

314
trauma patients, 472, 473

Hypoventilation, 210t
Hypovolemia

affecting wound healing, 436t
with hemodialysis, 268
trauma patients, 472

Hypovolemic shock
assessment, 459–460, 460t
clinical fi ndings in, 460t
management, 460, 460t
pathophysiology, 459, 459f

Hypoxemia, 130t, 230, 231t, 363t

I

Ibuprofen (Motrin), for pain 
management, 36t

Ibutilide, 80t
Imipenem

in renal failure and hemodialysis, 
265b

Immune thrombocytopenic purpura 
(ITP), 413

Immunocompetence, 405, 406, 407f
risk factors for, 407

Immunoglobulins (Igs), 406t
Immunonutrition, 52t
Impedance cardiography, cardiac 

output determination of, 109, 
109f, 110t

Implantable cardioverter-
defi brillators (ICDs), 88, 89, 
90, 90f

fi rst-generation, 89
positioning of, 90f
second-generation, 89
third-generation, 90

Infection
and arterial pressure monitoring, 

97
with burns, 446
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Intracranial pressure (ICP) 
(continued)

vs. herniation, 306t
increased intracranial pressure, 

330t
intracranial dynamics and, 

304–305, 305b, 305f
cerebral blood fl ow and, 304
cerebrospinal fl uid circulation 

and, 305
parenchyma and, 305, 305b

monitoring of, 306, 307–309, 307b, 
307f, 307t, 308t, 309f

advantages and disadvantages of, 
307t

data interpretation of, 309, 309f
epidural, 307t
indications and 

contraindications for, 307b
intraventricular, 307t
leveling, 306
lumbar, 307t
parenchymal, 307t
subarachnoid, 307t
troubleshooting, 307, 308t

reducing, 310–314, 310t–311t, 
312f, 313f

barbiturate coma for, 314
cerebrospinal fl uid drainage, 

311, 313f
decompressive craniectomy for, 

314
hyperventilation for, 314
hypothermia for, 314
mannitol for, 312, 313
neuromuscular blockade for, 314
respiratory support for, 313
sedation and analgesia for, 

313–314
with traumatic brain injury, 323b
waveforms and, 309, 309f

Intracranial surgery
carotid endarterectomy, 315
craniotomy, 314–315
transnasal, 315
transsphenoidal, 315

Intractable seizures, 339b
Intradermal skin testing, 404
Intramuscular administration, of 

opioids, 37t
Intravascular ultrasound

in cardiovascular assessment, 154t
Intravascular volume, 466
Intravenous pyelography (IVP), 261t
Intravenous thrombolytic therapy, 

336b
Intraventricular catheter system, 

313f
Inverse ratio ventilation (IRV), 124t, 

125, 126f, 238, 241
Iodides, 388t
Iron defi ciency anemia, 415t
IRV (inverse ratio ventilation), 124t, 

125, 126f
Ischemia

on electrocardiogram, 67, 179, 
180, 181f

Isoproterenol, 139t, 160t

Left ventricular hypertrophy (LVH), 
on 12-lead electrocardiogram, 
66

Left ventricular stroke work index 
(LVSWI), 106t

Legal issues
administrative law and, 27
civil law and, 27
criminal law and, 28
nursing negligence, 28
nursing practice

informed consent doctrine, 29
Patient Self-Determination 

Act, 29
Safe Medical Devices Act, 29–30
Uniform Anatomical Gift Act, 30

vicarious liability, 28–29, 29b
corporate liability, 28–29, 29b
negligent supervision, 29
personal liability, 29
respondeat superior, 28

Lesions, skin
primary, 425t–426t
secondary, 427t

Lethargic, defi nition of, 291b
Leukemias

acute lymphoblastic anemia, 418
acute myelogenous leukemia, 418
leukostasis, 418
tumor lysis syndrome, 418

Leukocytes. See White blood cells 
(WBCs)

Leukostasis, 418
Leukotriene receptor antagonists, 

225–226
Leveling, in hemodynamic 

monitoring, 94, 94f
Lichenifi cation, 427t
Lidocaine, 80t, 139t
Lightheadedness, in heart failure, 

193t
Limb ataxia, 334t
Lipase, serum, normal values for, 357t
Lisinopril

in renal failure and hemodialysis, 
265b

Lithium
in renal failure and hemodialysis, 

265b
Liver detoxifi cation, 357t
Liver function studies, 355, 356–357, 

356t–357t
Liver injury scale, 482b
Liver synthetic function, tests for 

evaluating, 357
Liver trauma, 482, 482b
Long-term ventilation, 132, 133b
Loop diuretics, 264t
Lorazepam

for pain management, 36t
Low-density lipoprotein (LDL), 356t
Lower extremity, 293b
Lower gastrointestinal bleeding

assessment, 365
causes of, 365b
etiology, 365, 365b

angiodysplasia, 365
diverticulosis, 365

Isotonic crystalloids, 474, 474t
IVP (intravenous pyelography), 

261t

J

Jaundice, 424t
Jugular venous bulb oximetry, 310
Jugular venous distention, 146
Junctional dysrhythmias

junctional (nodal) rhythm, 73, 74f
premature junctional contractions, 

73, 74, 74f
Junctional rhythm, 73, 74f
Justice, principle of, 24b

K

Keloids, 427t
Keratosis, 425t
Ketoacidosis, 389
Ketones

serum, 381
urine, 381

Ketones, in urine, 257
Kidney trauma, 482–483
Kidney–ureter–bladder (KUB), 261t
Kussmaul’s respiration, 210t

L

Labetalol
for hypertensive emergencies, 197t

Lacerations, 482b
Lactate, 111t
Lactate dehydrogenase (LDH), 357t
Lateral compression (LC), 485b
LDL (low-density lipoprotein), 356t
Lead dislodgement, cardiac pacing 

and, 87t
Leadership, authentic, 4b, 5
Learning

assessing needs for, 20
barriers to, 18–19, 19b

critical illness and therapeutic 
interventions, 18

emotional and environmental 
distractions, 18–19

language, 19, 19b
sensory defi cits, 19, 19b

domains of, 20, 21, 21f
evaluating process of, 21

Le Fort fractures, 485f
Left atrial enlargement, on 12-lead 

electrocardiogram, 67, 67f
Left heart catheterization, 155t
Left-sided heart failure

diastolic dysfunction, 192
systolic dysfunction in, 192

Left ventricular end-diastolic 
pressure (LVEDP), 461, 463

Left ventricular end-diastolic volume 
index (LVEDVI), 106t

Left ventricular free wall 
rupture, myocardial infarction 
and, 184
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management, 365–366
angiography, 365–366
colonoscopy, 365
surgery, 366

Low-molecular-weight heparins 
(LMWH), 158, 245, 246t

Lumbar puncture, in neurological 
assessment, 301t

Lung volume reduction surgery 
(LVRS), 250

LVH (left ventricular hypertrophy), 
on 12-lead electrocardiogram, 
66

Lymphangitic carcinomatosis, 233t
Lymphocytes, 403t
Lymphomas, 327t

complications, 418
Hodgkin’s, 418
non-Hodgkin, 418

Lymphoproliferative disorders, 417, 
418

leukemias
acute lymphoblastic anemia, 418
acute myelogenous leukemia, 

418
leukostasis, 418
tumor lysis syndrome, 418

lymphomas
Hodgkin’s, 418
non-Hodgkin, 418

M

mA (milliamperage), 83b
Macules, 425t
Mafenide acetate, for burns, 452t
Magnesium, 188
Magnesium sulfate, 80t, 81, 139t
Magnetic resonance angiography 

(MRA), 329
Magnetic resonance 

cholangiopancreatography 
(MRCP), 359t

Magnetic resonance imaging (MRI)
in cardiovascular assessment, 154t
in gastrointestinal assessment, 

358t
in neurological assessment, 299t
in renal assessment, 261t

Malignant central nervous system, 
327t

Mallory–Weiss tears, 362
Mannitol, 264t

for reducing intracranial pressure, 
312, 313

in renal failure and hemodialysis, 
265b

Manual ventilation, 120–121
Massive hemothorax, 478
Massive intravascular clotting, 410t
Mast cell stabilizers, 225
Master gland. See Pituitary gland
Maturation phase of wound healing, 

434
Maxillofacial trauma, 484, 485, 485f
Mean arterial pressure (MAP), 95, 

106t

Metabolic acidosis, 213t, 363t
Metabolic alkalosis, 213t
Metabolic indicators, 112
Metastatic tumors, 327t
Metformin

in renal failure and hemodialysis, 
265b

Methadone (Dolophine), 36t
Methimazole, 388t
Methotrexate

in renal failure and hemodialysis, 
265b

Methylprednisolone
in renal failure and hemodialysis, 

265b
Methylxanthines, 225
Metoprolol

in renal failure and hemodialysis, 
265b

Metronidazole
in renal failure and hemodialysis, 

265b
Microangiopathic hemolytic anemia, 

413t
Midazolam

for pain management, 36t
Mild acute pancreatitis, 366
Mild leukocytosis, 363t
Milliamperage (mA), 83b
Milrinone (Primacor), 462t
Minimally invasive direct coronary 

artery bypass grafting 
(MIDCABG), 163

Mitral regurgitation, 149t
Mitral stenosis, 149t
Mixed gliomas, 326t
Mixed venous oxygen saturation 

(SjO2)
monitoring of, 310t

Mixed venous oxygen saturation 
(SvO

2), 111t
Mobility

with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 240b
after cardiac surgery, 169b
with burns, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 284b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 190b
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

MODS. See Multisystem organ 
dysfunction syndrome (MODS)

Modular formulas, for enteral 
feedings, 52t

Monocytes, 403t
Morphine

for pain management, 36t
in renal failure and hemodialysis, 

265b

Mean corpuscular hemoglobin 
(MCH), 401t

Mean corpuscular hemoglobin 
concentration (MCHC), 401t

Mean corpuscular volume (MCV), 
401t

Meaningful recognition, 4b, 5
Mechanical debridement, 439–440
Mechanical valves, 201b
Mechanical ventilation

atelectrauma, 122
barotrauma, 122
biotrauma, 122
case study of, 134
complications of, 121b
high-frequency, 121, 122f
nursing care of

abnormal arterial blood gases, 
130t

eye care and, 130
nutritional support and, 130, 131t
oxygenation, 127
psychosocial support and, 130
ventilator-associated pneumonia, 

127, 130
pressure, 121
ventilator-associated lung injury, 122
ventilator control settings

alarms and, responding to, 127, 
131t

collaborative care guide for, 
128b–129b

fraction of inspired oxygen and, 
122

inspiratory:expiratory (I:E) ratio, 
123

peak fl ow, 122
peak inspiratory pressure limit, 

122–123
positive end-expiratory pressure, 

122
respiratory rate and, 122
sensitivity, 123
tidal volume and, 122

ventilator-induced lung injury, 122
ventilator modes for, 123–127, 

124t, 125f, 126f
pressure modes, 123, 124t, 125, 

126–127, 126f
volume modes, 123, 124t, 125b, 

125f
volume, 121
volutrauma, 122
weaning from, 130, 131–133, 132b, 

133b, 133f
from long-term ventilation, 132, 

133b
methods of, 132, 133, 133f
from short-term ventilation, 

131–132, 132b
Medications, affecting wound healing, 

436t
Megaloblastic anemia, 415t
Meningeal tumors, 327t
Meningiomas, 327t
Meropenem

in renal failure and hemodialysis, 
265b
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Motor function, evaluation of, 
292–294, 292f, 293b, 293f, 294

motor response to stimuli in, 292, 
292f, 293f

motor strength and coordination 
in, 292, 293–294, 293b, 294b

Motor function, of increased ICP and 
herniation, 306t

Mouth, in nutritional disorders, 48t
MRCP (Magnetic resonance 

cholangiopancreatography), 
359t

MRI. See Magnetic resonance 
imaging (MRI)

Multisite pacing, 83b
Multisystem organ dysfunction 

syndrome (MODS)
assessment, 467t, 468
defi nition of, 464b
management, 468
pathophysiology

cardiovascular dysfunction, 468
hematologic dysfunction, 468
liver dysfunction, 467
neurologic dysfunction, 468
pulmonary dysfunction, 467
renal dysfunction, 467

Mupirocin, for burns, 452t
Musculoskeletal complications

in renal failure, management of, 
281, 282f

Musculoskeletal injuries, 483–484, 
484f, 485b

amputations, 483
compartment syndrome and, 483, 

484
dislocations, 483
fat embolism syndrome and, 484
fractures and

pelvic, 483, 485b
types of, 483, 484f

Musculoskeletal support, with burns, 
449

Myelography, in neurological 
assessment, 301t

Myocardial infarction (MI)
assessment of

diagnostic studies, 187
electrocardiography, 186, 186t
history and physical 

examination, 185
laboratory tests, 186–187, 186f

collaborative care guide for, 
189b–191b

initial management of, 187t
management of

early, 187, 188
fi brinolytic therapy for, 188
hemodynamic monitoring and, 

188, 191
percutaneous transluminal 

coronary angioplasty, 188
pharmacological, 188

pathophysiology of, 183–185, 184b, 
185b

cardiogenic shock, 183
dysrhythmias, 185
left ventricular free wall rupture, 

184

diffusion-weighted imaging, 300t
digital subtraction angiography, 

300t
electroencephalography, 301t
evoked potentials, 301t
lumbar puncture, 301t
magnetic resonance imaging, 

299t
myelography, 301t
perfusion-weighted imaging, 

300t
radiography, 299t
radioisotope brain scan, 300t
single-photon emission 

computed tomography, 300t
somatosensory evoked 

potentials, 301t
transcranial Doppler 

sonography, 301t
visual evoked potentials, 301t

physical examination in
of cranial nerve function, 295, 

296–298, 296t, 297f, 298t
of mental status, 289, 290t, 291, 

291b, 291t
of motor function, 292–294, 

292f, 293b, 293f, 294
pupillary changes in, 294, 294f, 

295f
of refl exes, 298
of sensation, 298–299
vital signs in, 294, 295, 296f

Neurologic dysfunction, 468
Neuromuscular blockade, for 

reducing intracranial pressure, 
314

Neuromuscular blocking agents, 226
Neuromuscular complications, in 

renal failure, 281
Neuromuscular dysfunction, 233t
Neutropenia

assessment, 417
causes of, 417t
management, 417

Nevus fl ammeus, 427
Nicardipine

for hypertensive emergencies, 197t
Nitrates, 161

for heart failure, 194
Nitroglycerin, 139t

for hypertensive emergencies, 197t
Nitroglycerine (Tridil), 462t
Nitroprusside

in renal failure and hemodialysis, 
265b

Nitroprusside sodium, 161
for hypertensive emergencies, 197t

Nodules, 425t
Nonconsequentialism, 24b
Non-Hodgkin’s lymphoma, 418
Noninvasive bilevel positive-pressure 

(BiPAP) mode, 124t, 127
Nonmalefi cence, principle of, 24b
Non-nucleoside reverse transcriptase 

inhibitors (NNRTIs), 420, 
420b

Nonopioid analgesics, 35
Non–Q-wave myocardial infarction 

(NQMI), 180

thromboembolism, 185
ventricular septal rupture, 183, 

184
Myocarditis

assessment of, 203
causes of, 203b
management of, 203

Myoglobin, 258t
Myxedema coma, 388–389

assessment, 386
management, 388–389

N

Naloxone, 36t
Naltrexone, 36t
Naproxen (Naprosyn), for pain 

management, 36t
Nasoenteral feeding tubes, 49, 49f, 

51t
Nasogastric intubation, 364
Nasopharyngeal airway, 114, 115, 

115f
Nasotracheal suctioning, 119
National Institutes of Health Stroke 

Scale (NIHSS), 333, 334t–335t
Nausea and vomiting

in end-of-life care, 42
NBG pacemaker code, 86b
Necrotizing pancreatitis, 366
Negative pressure therapy, 435, 437, 

438, 438b, 438f
Negligent supervision, 29
Neomycin, for burns, 452t
Nephrotoxins, 277b
Nervous system

case study of, 315–316
intracranial pressure and

cerebral oxygenation monitoring 
of, 309, 310, 310t

clinical manifestations of, 305, 
306t

intracranial dynamics and, 
304–305, 305b, 305f

monitoring of, 306, 307–309, 
307b, 307f, 307t, 308t, 309f

for reducing, 310–314, 
310t–311t, 312f, 313f

intracranial surgery and
carotid endarterectomy, 315
craniotomy, 314–315
transnasal, 315
transsphenoidal, 315

Nesiritide, 161
Neuroepithelial gliomas, 326t
Neurogenic shock, 343, 344, 463
Neurological

with spinal cord injury, 346b
with stroke, 337b

Neurological abnormalities, 413t
Neurological assessment

history, 289, 390b
neurodiagnostic studies in, 299, 

299t–301t
brainstem auditory evoked 

response, 301t
cerebral angiography, 300t
computed tomography, 299t
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Nonsteroidal anti-infl ammatory 
drugs (NSAIDs), 361

for pain management, 35, 36t
Norepinephrine, 160t
Norepinephrine (Levophed), 462t
Nucleated (immature) RBCs, 402t
Nucleoside reverse transcriptase 

inhibitors (NRTIs), 420, 420b
Nurse(s)

caring for, end-of-life care and, 45
value of certifi cation to, 2

Nurse competencies, in synergy 
model, 6f

Nutrition
with acute pancreatitis, 369b
with acute respiratory distress 

syndrome, 240b
with burns, 449, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 393b
with disseminated intravascular 

coagulation, 412b
with impaired renal function, 284b
on mechanical ventilation, 129b
with multisystem trauma, 477b
with myocardial infarction, 190b
with spinal cord injury, 347b
with stroke, 337b

Nutritional assessment, 47, 48t
Nutritional defi cits, affecting wound 

healing, 436t
Nutritional disorders

cardiovascular, 48t
eyes, 48t
gastrointestinal, 48t
musculoskeletal, 48t
neurological, 48t
skin, hair, and nails, 48t
throat and mouth, 48t

Nutritional supplementation, 415, 
416

Nutritional support
with acute pancreatitis, 370
for acute respiratory distress 

syndrome, 241
for chronic obstructive pulmonary 

disease, 249
enteral. See Enteral nutrition
mechanical ventilation and, 130, 

131t
in septic shock, 467

O

Obesity, for cardiovascular disease, 
145b

Observation, for pain assessment, 35
Obtunded, defi nition of, 291b
Oculocephalic refl ex test, 302b
Oculomotor nerve (cranial nerve III), 

298t
assessment of, 296, 297f

Oculovestibular refl ex test, 302b
Olfactory nerve (cranial nerve I)

assessment of, 295
Oligoastrocytomas, 326t
Oligodendrogliomas, 326t

control of
barriers to, 33, 34t
patient and family education, 

33, 34b
in critically ill patients, 32, 33b
defi nition of, 31, 32
effects of, 33t
factors affecting, 32, 33b
procedural, 32

Pain control
with acute respiratory distress 

syndrome, 240b
after cardiac surgery, 169b
with burns, 451b
with impaired renal function, 

284b
on mechanical ventilation, 129b
with multisystem trauma, 477b
with myocardial infarction, 190b

Pain management
ACC/AHA (American College of 

Cardiology/American Heart 
Association) Guidelines, 32t

with acute pancreatitis, 369
American Geriatric Society, 32t
American Society of Health-

System Pharmacists (ASHP), 
32t

with burns, 449, 452
in end-of-life care, 42
nonpharmacological

distraction, 39
environmental modifi cation 

for, 39
massage, 39
relaxation techniques for, 39
touch, 39

nursing interventions for
nonpharmacological, 39
pharmacological, 35–39, 36t, 37b

pharmacological, 35–39, 36t, 37b
nonopioid analgesics in, 35
opioid analgesics in, 36t, 37–39, 

37b
sedatives and anxiolytics, 39

Pallor, 424t
Palpation

in gastrointestinal assessment, 
353, 355

hematological and immune 
systems, 400

mobility and turgor, 428
moisture, 428
temperature, 428

Pancreatic abscess, 366, 367
Pancreatic function studies, 357–358, 

357t
Pancreatic pseudocyst, 366
Pancreatic rest

with acute pancreatitis, 369
Pancreatic trauma, 481
Pancreatitis, acute

assessment, 367, 367b
causes of, 366b
clinical manifestations of, 367b
management, 367–370, 368b–369b

fl uid replacement, 367, 369
nutritional support, 369, 370
pain management, 369

Opioids, 36t, 37–39, 37b
administration for, 37–38, 37b
dosing guidelines for, 37
opioid antagonists and, 36t
PRN administration of, 37
side effects and, 38–39

Optic nerve (cranial nerve II), 298t
assessment of, 295, 296, 296t

Oral administration, of opioids, 37t
Oral suctioning, 119
Oropharyngeal airway, 114, 115f
Orthopnea, in heart failure, 193t
Orthostatic hypotension, 344
Osmolality, of urine, 258t, 

259, 278t
Osmotic diuretics, 264t
Overdrive pacing, 83b
Oversensing, 83b
Overwhelming post-splenectomy 

sepsis (OPSS), 482
Oxycodone, 36t
Oxygenation

with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 239b
after cardiac surgery, 168b
with burns, 450b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 283b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 189b
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

Oxygen consumption index (VO
2I), 

111t
Oxygen defi cit, affecting wound 

healing, 436t
Oxygen delivery, 111, 112f

oxygen supply and demand 
imbalance and, 110, 111–113, 
111t

Oxygen demand, 111
Oxygen extraction, 111, 112
Oxygen extraction ratio (OER), 111t
Oxygen therapy, 221–222, 222b, 223

P

Pacing artifacts, 87f
Pacing threshold, 83b
Packed red blood cells (PRBCs), 

460t, 474
Pain

acute, 32
assessment of

contradictions in, 35
observation for, 35
patient self-report for, 34, 35
physiological parameters for, 35

case study of, 40
chronic, 32
consequences of, 33, 33t
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Pancreatitis, acute (continued)
pancreatic rest, 369
surgery, 370

pathophysiology, 366–367, 366b
Ranson’s criteria for, 367b
systemic effects of, 366b

Papules, 425t
Paracentesis, 359t, 373
Parasites, in urine, 258t
Parenchyma, intracranial pressure 

and, 305, 305b
Parenchymal diseases, 230b
Parenteral nutrition, 53–55

complications of, 55, 55b
hyperglycemia, 55
refeeding syndrome, 55

formulas for, 53–54
amino acids, 54
carbohydrates, 53–54
lipids, 54
micronutrients, 54

peripheral, 53
total, 53

Paroxysmal nocturnal dyspnea, in 
heart failure, 193t

Paroxysmal supraventricular 
tachycardia (PSVT), 72, 
72f, 72t

Partial thromboplastin time (PTT), 
363t

normal values for, 356t
Passive fi xation lead, 83b
Patches, 425t
Patient(s)

characteristics of, in synergy 
model, 5–6, 6f

value of certifi cation to, 2
Patient-controlled analgesia (PCA), 

33, 452
Patient-controlled epidural analgesia 

(PCEA), 38
Patient/family education, 18–22

barriers to learning and, 18–19, 19b
critical illness and therapeutic 

interventions, 18
effective teaching strategies, 20–21, 

20t, 21f
emotional and environmental 

distractions, 18–19
evaluating teaching and 

learning, 21
guidelines for, 19b
language, 19, 19b
learning and

adult learning principles and, 20t
assessing needs for, 20
domains of, 20, 21

sensory defi cits, 19, 19b
teaching documentation, 21–22, 

22b
Patient overactivity, affecting wound 

healing, 436t
Patient Self-Determination Act, 29
Patient’s experience with critical 

illness
anxiety and stress, 9-11, 9f, 10b
cultural sensitivity, 14, 14b
for discharge, 15

Peripheral smear, 402t, 404
Peristalsis, 355t
Peritoneal dialysis, 270–272

complications of, 272
continuous renal replacement 

therapy compared with, 
264t–265t

equipment and setup for, 271, 271f
hemodialysis compared with, 

264t–265t
nursing care of, 271–272, 272b

Peritoneal lavage, 359t
Personal liability, 29
PET. See Positron emission 

tomography (PET)
Petechiae, 427
Pharmacotherapy

acute upper gastrointestinal 
bleeding, 364

Phenobarbital, in renal failure and 
hemodialysis, 265b

Phenylephrine (Neosynephrine), 462t
pH, in urine laboratory studies, 257t
Phlebitis

cardiac pacing and, 87t
Phosphodiesterase III inhibitors, 161
Physical dependence, 34t
Physical inactivity, for cardiovascular 

disease, 145b
Physiological pacing, 83b
Piperacillin, in renal failure and 

hemodialysis, 265b
Pitting, of nails, 428, 428t
Pituitary adenomas, 327t
Pituitary gland

diagnostic studies, 378
history, 378
laboratory studies, 378, 379t
physical examination, 378

Plaques, 425t
Platelet

bleeding time, 404
causes of, 404b
count, 401, 403, 404, 404b
peripheral smear, 404
platelet function assay, 404

Platelet function assay (PFA), 404
Platelet inhibitors

adenosine diphosphate receptor 
antagonists, 159

aspirin, 159
glycoprotein (GP) IIb/IIIa 

inhibitors, 159
Pleural effusion, 223t, 232t, 241–242, 

242t
assessment of, 242, 242t
management of, 242

Pleural fl uid, 242t
Pleural space injuries, 478–479
Pneumocystis pneumonia (PCP), 419
Pneumonia, 227–229, 228b, 229t, 232t

assessment of, 228–229, 229t
community-acquired, 227, 228b, 

229t
hospital-acquired, 228, 229t
management of, 229

antibiotic therapy for, 229
supportive therapy for, 229

to promote rest and sleep, 15, 15b
restraints and, 15, 16b

alternatives to, 16b
physical, 16b

spirituality, 14, 15
PCV (pressure-controlled ventilation) 

mode, 123, 124t, 126f
PE. See Pulmonary embolism (PE)
Peak expiratory fl ow (PEF), 253f
Peak fl ow, mechanical ventilation 

and, 122
Peak inspiratory pressure (PIP), 

122–123
Penetrating injuries, 471
Penicillin, in renal failure and 

hemodialysis, 265b
Peptic ulcer disease, 361
Peptide formulas, for enteral 

feedings, 52t
Percussion

in gastrointestinal assessment, 353
hematological and immune 

systems, 400
Percutaneous coronary intervention 

(PCI). See also Percutaneous 
transluminal coronary 
angioplasty (PTCA)

complications of, 173b
postprocedure for, 173, 173b
preprocedure for, 172–173
PTCA, 171, 172f
stent placement, 171, 172

Percutaneous transhepatic 
cholangiography (PTC), 360t

Percutaneous transluminal coronary 
angioplasty (PTCA), 188

Perforation, 87t
Perfusion

with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 239b
after cardiac surgery, 168b
with burns, 450b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 283b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 189b
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

Perfusion-weighted imaging (PWI)
in neurological assessment, 300t

Pericarditis, 201–202, 202b, 202f, 
203f

assessment of, 202, 202f, 203f
causes of, 202b
of chest pain, 145t
management of, 202
in renal failure, management of, 

280
Peripheral nerve tumors, 326t
Peripheral parenteral nutrition 

(PPN), 53
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pathophysiology of, 228
ventilator-associated, 127, 130

Pneumothorax, 223t, 232t, 242, 243, 
243f

assessment of, 243
cardiac pacing and, 87t
central venous pressure 

monitoring and, 98
management of, 243
pathophysiology of, 242, 243, 243f

Pocket erosion, cardiac pacing and, 
87t

Polymeric solutions, for enteral 
feedings, 52t

Portal hypertension, 371f
Positive airway pressure (PAP), 220
Positive end-expiratory pressure 

(PEEP), 122
Positive expiratory pressure (PEP), 

220
Positron emission tomography 

(PET), 329, 404
in cardiovascular assessment, 154t
in gastrointestinal assessment, 359t
in neurological assessment, 300t

Posterior cord syndrome, 343
Postural drainage, 220, 221f
Potassium and phosphate 

replacement
diabetic ketoacidosis, 391

Potassium channel blockers, 81
Potassium iodide, 388t
Potassium-sparing diuretics, 264t
Prealbumin

nutritional status and, 48t
Precordium, palpation of, in 

cardiovascular assessment, 
146–147

Preejection period (PEP), 110t
Premature atrial contraction (PAC), 

71–72, 72f
Premature junctional contractions 

(PJC), 73, 74, 74f
Premature ventricular contractions 

(PVC), 74–76, 75t
Pressure-controlled ventilation 

(PCV), 123, 124t, 126f, 238
Pressure support mandatory 

ventilation (PSMV), 133f
Pressure support ventilation (PSV) 

mode, 123, 124t, 126f
Pressure ulcers

assessment of, 429, 430, 431b, 
431f, 432, 432f

care of wounds, 437t
Pressure ventilation, 121
Primary intention, healing through, 

434, 435f
Primary skin lesions, 425t–426t
Primary survey

with burns, 447, 447b
for trauma, 472, 473

Primary traumatic brain injury, 317, 
318, 319–321, 320f

cerebrovascular injury and, 320–321
concussion and, 319
contusion and, 319
diffuse axonal injury and, 320
epidural hematoma and, 319, 320f

pulmonary artery pressure and, 
97f, 102, 103, 104f

right atrial pressure and, 100, 
101, 102t, 104f

right ventricular pressure and, 
101, 102t, 104f

pulmonary artery catheter, 98–99, 
99f, 100f

balloon infl ation lumen, 99, 99f
distal lumen, 98, 99f
proximal lumen, 98, 99f
thermistor, 98, 99, 99f

Pulmonary artery rupture or 
perforation of, pulmonary 
artery pressure monitoring 
and, 105

Pulmonary complications, in renal 
failure, 280

Pulmonary contusion, 479
Pulmonary embolism (PE), 244–245, 

246b, 246t
assessment of, 244, 245, 246b
with brain tumors, 330t
hemodynamic changes, 244
management of, 245, 246t
pathophysiology of, 244
pulmonary changes, 244
signs and symptoms of, 246b

Pulmonary embolus, 232t
Pulmonary infarct, 232t
Pulmonary infarction, pulmonary 

artery pressure monitoring 
and, 105

Pulmonary injury, 444, 446, 446b, 
446t

carbon monoxide toxicity, 446, 446t
inhalation, 444, 446, 446b

Pulmonary support, with burns, 
448–449

Pulmonary vascular resistance 
(PVR), 106t

Pulmonary vascular resistance index 
(PVRI), 106t

Pulmonic stenosis, 149t
Pulse

in cardiovascular assessment, 146
oximetry, 214
tardus, 146

Pulsus
alternans, 146
bisferiens, 146
paradoxus, 146

Pupillary response, of increased ICP 
and herniation, 306t

Purpura, 427
Pustules, 426t
P waves, 62
Pyelography

antegrade, 261t
intravenous, 261t
retrograde, 261t

Q

QRS complex, 62, 63, 63f, 72, 72t
QT interval, 63
Q-wave myocardial infarction 

(QMI), 180

intraparenchymal hematoma and, 
320, 320f

scalp laceration and, 318
skull fracture and, 318, 319
subarachnoid hemorrhage and, 320
subdural hematoma and, 

319–320, 320f
PR interval, 62
PRN administration, for pain 

management, 37
Procainamide, 80t, 139t

in renal failure and hemodialysis, 
265b

Procedural pain, 32
Proliferation phase of wound 

healing, 434
Promethazine, 36t
Propranolol, 80t
Propylthiouracil (PTU), 388t
Protease inhibitors (PIs), 420, 420b
Protection, with impaired renal 

function, 284b
Protein

nutritional status and, 48t
in urine, 257t

Proteinuria, 280
Prothrombin time (PT), 357, 363t, 

404, 405t
normal values for, 356t

Proton-pump inhibitors, 364
Psoriasis, nails in, 425t
PSV (pressure support ventilation) 

mode, 123, 124t, 126f
Psychological care/support

with burns, 453
Psychosocial factors

with acute pancreatitis, 369b
with acute respiratory distress 

syndrome, 240b
with burns, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 393b
with disseminated intravascular 

coagulation, 412b
with impaired renal function, 

285b
on mechanical ventilation, 129b
mechanical ventilation and, 130
with multisystem trauma, 477b
with myocardial infarction, 190b
with spinal cord injury, 347b
with stroke, 338b

PTC (percutaneous transhepatic 
cholangiography), 360t

Pulmonary angiography, in 
respiratory assessment, 218t

Pulmonary artery occlusion pressure 
(PAOP), 102t, 103–105, 104f, 
183, 191

Pulmonary artery pressure (PAP) 
monitoring

catheter insertion for, 99, 100, 101f
complications of, 105
data interpretation and, 100, 

101–105, 102t, 103f, 104f
pulmonary artery occlusion 

pressure and, 102t, 103–105, 
104f
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R

Race, for cardiovascular disease, 
145b

Radial artery grafts, for coronary 
artery bypass grafting, 163, 
163b, 164, 164b

Radiofrequency ablation, 82
Radiography, in neurological 

assessment, 299t
Radioisotope brain scan, in 

neurological assessment, 300t
Radionuclide scintillation imaging, 

261t
RAM (Rapidly alternating 

movement) test, 294
Ranchos Los Amigos Scale, 321, 

324t
Ranson’s criteria, for acute 

pancreatitis, 367b
Rapidly alternating movement 

(RAM) test, 294
Rapid response team (RRT) system, 

136
Rashes, 427
Rate-responsive pacing, 83b
RBCs. See Red blood cells (RBCs)
Recognition, meaningful, 4b, 5
Rectal administration, of opioids, 37t
Red blood cells (RBCs)

iron levels, 402t
peripheral smear, 402t
tests to evaluate, 401, 401t, 402t
in urine, 257t

Red cell cytoplasmic inclusions, 
402t

Red cell distribution width (RDW), 
401t

Refeeding syndrome, 55
Refl exes, 298
Rehabilitation

psychological, for burns, 453
Relaxation techniques, for pain 

management, 39
Renal angiography, 261
Renal arteriography, 261t
Renal assessment

case study of, 262
history in, 255, 256b
laboratory studies, 257–260, 

257t–258t, 259t, 260b
blood studies, 259–260, 259t, 

260b
urine studies, 257–259, 

257t–258t
physical examination in, 255, 

256–257, 256b, 257t
chest, 256
electrolytes, 257
extremities, 257, 257t
kidneys, 256, 257
skin and mucous membranes, 

255
vital signs in, 255

radiological studies in, 260, 261t
renal angiography, 261
renal biopsy in, 260, 261b

Renal biopsy, 260, 261b

continuous renal replacement 
therapy compared with, 
264t–265t

equipment and setup for, 271, 
271f

hemodialysis compared with, 
264t–265t

nursing care of, 271–272, 272b
pharmacotherapy

diuretics for, 263, 264t
inotropes for, 263

Renal venography, 261t
Reparative phase, 449–453, 

450b–451b, 452t
Residual volume, 216t
Respect for autonomy, principle of, 

24b
Respiration, 467t

assessment of, 294, 296f
Respiratory acidosis, 213t
Respiratory alkalosis, 213t
Respiratory assessment, 207–218

arterial blood gases in, 211–212, 
212b, 212f, 213b, 213t, 214b

acid–base disorders, 213t
interpreting, 212, 214b
measuring oxygen in the blood 

and, 212, 212f
measuring pH in the blood, 212, 

213b, 213t
case study of, 218
diagnostic studies, 215, 216t–218t
end-tidal carbon dioxide 

monitoring in, 215, 215f
history in, 208, 208b, 208t
mixed venous oxygen saturation 

in, 215
physical examination in, 208, 209–

211, 209b, 210b, 210t, 211t
auscultation in, 210–211, 211t
inspection and, 209, 209b, 210b, 

210t
palpation and, 209
percussion and, 210

pulse oximetry in, 214
Respiratory interventions

artifi cial airways
endotracheal tube and, 115, 

116–117, 116b, 116f, 116t, 
117b

nasopharyngeal, 114, 115, 115f
oropharyngeal, 114, 115f
tracheostomy, 118–119, 118b, 

118f
bronchial hygiene therapy, 

219–221, 221f
airway clearance adjunct 

therapies and, 220
chest physiotherapy and, 

220–221, 221f
coughing and deep breathing 

and, 219–220
case study of, 226
chest tubes, 223–225, 223f, 223t, 

224b
equipment for, 223–224, 223f
placement of, 224, 224b
removal of, 225

Renal disorders
acute kidney injury

assessment of, 277–278, 278b, 
278t, 279

etiology and pathophysiology of, 
273, 274–277

history and physical 
examination in, 278b

intrinsic, 274t, 275–277, 275f, 
276f, 277b

postrenal, 274b, 277
prerenal, 273, 274–275, 274b, 

275f
case study of, 286–287
chronic kidney disease, 279–280, 

279t
abnormal glomerular 

hemodynamics, 279
hypoxia, 279, 280
proteinuria, 280
stages of, 279

complications of
for cardiovascular, 280, 281
for gastrointestinal, 281
for hematological, 280, 281
for infection, 281
for integumentary, 282
for musculoskeletal, 281, 282f
for neuromuscular, 281
for pulmonary, 280

management of, 282–286, 
283b–285b

for acid–base alterations, 285, 286
for fl uid balance, 282, 285
nutritional support and, 286, 286b
psychosocial support and, 286

Renal dysfunction, 413t
Renal system, 263–272

continuous renal replacement 
therapy

complications of, 270
equipment and setup for, 

268–270, 269f, 270b
hemodialysis compared with, 

264t–265t
indications for, 270b
nursing care of, 270
peritoneal dialysis compared 

with, 264t–265t
hemodialysis

arteriovenous fi stula and, 266, 
267b, 267f

complications of, 268
continuous renal replacement 

therapy compared with, 
264t–265t

dual-lumen venous catheter and, 
265, 266, 267b

equipment and setup for, 
265–267, 265b, 266f, 267b, 
267f

nursing care of, 268
peritoneal dialysis compared 

with, 264t–265t
synthetic graft and, 266–267, 

267b, 267f
peritoneal dialysis, 270–272

complications of, 272
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mechanical ventilation. See 
Mechanical ventilation

oxygen therapy, 221–222, 222b, 
223

pharmacotherapy, 225–226
anti-infl ammatory agents for, 

225–226
bronchodilators for, 225
neuromuscular blocking agents 

for, 226
suctioning and, 119, 119b, 119f, 

120b
thoracic surgery, 226

Respiratory rate, 122, 209, 217t
Respiratory support, for reducing 

intracranial pressure, 313
Resuscitative phase, 448–449, 448b
Retinol-binding protein, nutritional 

status and, 48t
Retrograde pyelography, 261t
Right atrial enlargement, on 12-lead 

electrocardiogram, 66, 67, 67f
Right atrial pressure monitoring, 

100, 101, 102t, 104f
Right heart catheterization, 155t
Right-sided heart failure, 192
Right ventricular end-diastolic 

volume index (RVEDVI), 106t
Right ventricular hypertrophy 

(RVH), on 12-lead 
electrocardiogram, 66

Right ventricular pressure 
monitoring, 101, 102t, 104f

Right ventricular stroke work index 
(RVSWI), 106t

Romberg test, 294
Rotational injuries, 341
Rouleaux formations, 402t
RVH (right ventricular hypertrophy), 

on 12-lead electrocardiogram, 
66

S

Safe Medical Devices Act, 29–30
Safety

with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 240b
with burns, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 

284b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 190b
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

SAH (subarachnoid hemorrhage), 
320

Salsalate, in renal failure and 
hemodialysis, 265b

Serum iron, 402t
Serum ketones, 381
Serum lipase, 357t
Serum protein, normal values for, 

356t
Serum triglycerides, 357t
Severe acute pancreatitis, 366
Severe sepsis, 464b
Shock

anaphylactic
agents, 463b
assessment, 463–464, 464b
IgE-mediated anaphylaxis, 463
management, 464, 464b
non-IgE responses, 463

cardiogenic
assessment, 461, 462b
management, 461, 462t, 463
pathophysiology, 460, 461, 461f

compensatory mechanisms and, 
458, 458f

hypovolemic
assessment, 459–460, 460t
management, 460, 460t
pathophysiology, 459, 459f

neurogenic, 463
septic. See Septic shock
stages of, 458, 458f, 459

Short-term ventilation, 131–132, 
132b

Sickle cells, 402t, 416–417
Sick sinus syndrome, 71, 71f
Silver dressings, 439
Silver nitrate, for burns, 452t
Silver sulfadiazene, for burns, 452t
SIMV (synchronized intermittent 

mandatory ventilation) 
mode, 123, 124t, 125f, 132, 
133, 133f

Single-photon emission computed 
tomography (SPECT)

in cardiovascular assessment, 154t
in neurological assessment, 300t

Sinoatrial block, on 
electrocardiogram, 70, 71

Sinus arrest, on electrocardiogram, 
70, 71

Sinus bradycardia, on 
electrocardiogram, 69

Sinus dysrhythmia, on 
electrocardiogram, 69

Sinus node, dysrhythmias 
originating in, on 
electrocardiogram, 68, 69, 70, 
71, 71f

Sinus tachycardia, on 
electrocardiogram, 68, 72t

SIRS. See Systemic infl ammatory 
response syndrome (SIRS)

Situational vasovagal syncope, 83b
Skilled communication, 2, 3b, 4–5
Skin

in cardiovascular assessment, 146
color of, 423, 424, 424t
hair and nails, 427, 428, 428f
lesions of, 424, 425t–427t, 428f
rashes of, 427
wounds of. See Wound(s)

Saphenous vein grafts, for coronary 
artery bypass grafting, 162, 
163, 163b

Saturated solution of potassium 
iodide (SSKI), 388t

Scales, 427t
Scalp laceration, 318
Scars, 427t
Schistocytes, 402t
ScvO

2 (central venous oxygen 
saturation), 111t

Seborrheic keratosis, 425t
Secondary intention, healing 

through, 434, 435f
Secondary skin lesions, 427t
Secondary survey

with burns, 447, 447b
for trauma, 473

Sedation, in end-of-life care, 42
Sedatives

for pain management, 36t, 39
Sediment(s), in urine, 278t
Segmented neutrophils, 403t
Seizures, 321, 336, 338–339, 338b, 

339t
assessment, 338, 339
with brain tumors, 330t
classifi cation of, 338b
management of, 339, 340b
pathophysiology of, 338
status epilepticus and, 340b

Sellar tumors, 327t
Semicomatose, defi nition of, 291b
Sensation, assessment of, 298–299
Sensing, 83b
Sensing threshold, 83b
Sensitivity setting, mechanical 

ventilation and, 123
Sensory (coma) stimulation, 325, 

325b
Sepsis

and clinical conditions, 464b
defi nition of, 464b
laboratory and diagnostic studies, 

466b
risk factors for, 465b

Sepsis-related organ failure 
assessment (SOFA) scoring 
system, 467t, 468

Septic shock
assessment, 465, 466b
and clinical conditions, 464b
defi nition of, 464b
management, 465, 466–467
pathophysiology

cardiovascular alterations and, 
465

hematologic alterations and, 465
pulmonary alterations and, 465

risk factors for, 465b
Sequential multiple analysis-7 

(SMA-7), 466b
Serum amylase, 357t
Serum bilirubin, normal fi ndings for, 

356t
Serum calcium, 357t
Serum ferritin, 402t
Serum glucose, 357t
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Skin assessment
case study of, 433
color of, 423, 424, 424t
history in, 423, 424b
physical examination in

inspection in, 423, 424–427, 
424t–427t, 428f

palpation in, 427, 428, 429, 429t
of pressure ulcers, 429, 430, 431b, 

431f, 432, 432f
of skin tumors, 425t
of wounds, 429, 429b, 430f

Skin integrity
with acute pancreatitis, 369b
with acute respiratory distress 

syndrome, 240b
after cardiac surgery, 169b
with burns, 451b
with cirrhosis and impending liver 

failure, 374b
with diabetic ketoacidosis, 393b
with disseminated intravascular 

coagulation, 412b
with impaired renal function, 284b
on mechanical ventilation, 129b
with multisystem trauma, 476b
with myocardial infarction, 190b
with spinal cord injury, 347b
with stroke, 337b

Skin tear, 437t
Skull fracture, 318, 319
Society of Critical Care Medicine 

(SCCM), 32t, 35
Sodium bicarbonate, 139t
Sodium channel blockers, 79, 81
Sodium iodide, 388t
Sodium nitroprusside, 462t
Somatosensory evoked potentials 

(SSEPs)
in neurological assessment, 301t

Sotalol, 80t
in renal failure and hemodialysis, 

265b
Specifi c gravity, of urine, 257, 259, 

278t
Speech defi cits, 291, 291t
Spherocytes, 402t
Spider angiomas, 427
Spinal accessory nerve 

(cranial nerve XI)
assessment of, 298

Spinal administration, of opioids, 38
Spinal cord injury, 339, 340f, 341–

348, 341b, 342f, 343f, 344b, 
346b–347b

anterior cord syndrome and, 342f, 
343

autonomic dysfunction, 343–344, 
343f, 344b

autonomic dysrefl exia and, 344, 
344b

neurogenic shock and, 343, 344
orthostatic hypotension and, 344
spinal shock and, 343, 343f

Brown-Séquard cord syndrome 
and, 341, 342f, 343

central cord syndrome and, 341, 
342f

Subcutaneous administration, of 
opioids, 37t

Subdural hematoma, primary 
traumatic brain injury, 
319–320, 320f

acute, 319
chronic, 320
subacute, 319, 320

Sublingual capnometry, 113
Suctioning

complications of, 119b
endotracheal and tracheostomy 

suctioning, 119, 119f, 120b
nasotracheal, 119
oral, 119

Sulfamethoxazole, in renal failure 
and hemodialysis, 265b

Summation gallop, 147f, 148
Sutures, for wound closure, 438
SvO

2 (mixed venous oxygen 
saturation), 111t

Synchronized intermittent 
mandatory ventilation (SIMV) 
mode, 123, 124t, 125f, 132, 
133, 133f

Synchronized pressure support 
ventilation (SPSV), 133

Syndrome of inappropriate 
antidiuretic hormone 
(SIADH), 378, 379t, 384–385, 
385b

assessment, 384–385, 385b
causes of, 385b
management, 385
signs and symptoms of, 385b
with traumatic brain injury, 325

Synergy model, 5–7, 6f
Systemic disorders, affecting wound 

healing, 436t
Systemic infl ammatory response 

syndrome (SIRS), 163, 
164, 235b, 366, 443, 464b, 
465, 468

Systemic vascular resistance (SVR), 
106t, 167t

Systemic vascular resistance index 
(SVRI), 106t

Systolic bruits, 355t
Systolic dysfunction, 192
Systolic murmurs, 149, 149t

T

Tachypnea, 210t
Target cells, 402t
TBI. See Traumatic brain injury 

(TBI)
TBSA (Total-body surface area), 443, 

444, 444b
Tear(s), of skin, 437t
Temporal lobectomy, for seizures, 

339t
Tension pneumothorax, 478–479
Terry’s nails, 428, 428f
Tertiary intention, healing through, 

434, 435f
Tertiary survey, for trauma, 473

classifi cation of
level of injury, 341
mechanism of injury and, 339, 

340f, 341
of vertebral injury type and, 341, 

341b
in-hospital management and

bowel management and, 348
cardiovascular problem 

prevention and, 348
collaborative care guide for, 

346b–347b
early management, 345
mobilization and, 348
pain management and, 348
psychological support and, 348
respiratory problem prevention 

and, 348
spine realignment and 

stabilization in, 345
thermoregulation and, 348
urinary management and, 348

pathophysiology of, 341
posterior cord syndrome and, 343
prehospital management and, 

344, 345
Spinal shock, 343, 343f
Spironolactone (Aldactone), 264t
Spironolactone, for heart failure, 194
Splenic injury scale, 482b
Splenic trauma, 481–482, 482b
Spontaneous bacterial peritonitis, 

373
Spontaneous pneumothorax, 243
Sputum culture, in respiratory 

assessment, 218t
Square-wave test, 93–94, 94f
Stable angina, 181
Staffi ng, appropriate, 3b–4b, 5
Staples, for wound closure, 438
Static imaging, in renal assessment, 

261t
Statins, 188
Stereotactic radiosurgery, 333t
Stomach trauma, 481
Streptococcus pneumoniae, 227
Streptomycin, in renal failure and 

hemodialysis, 265b
Stress-related erosive syndrome, 361, 

362b
Stress testing, in cardiovascular 

assessment, 154t
Stress ulcer prophylaxis, 361
Stroke, 333–336, 334t–335t, 336b, 

337b–338b
assessment, 333–335, 334t–335t
management

early, 335–336, 336b
ongoing, 336, 337b–338b

pathophysiology of, 333
Stroke volume (SV), 106t
Stroke volume index (SVI), 106t
Stroke volume variation (SVV), 

106t
ST-segment elevation myocardial 

infarction (STEMI), 180, 181
Subarachnoid hemorrhage (SAH), 

320
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Theophylline, in renal failure and 
hemodialysis, 265b

Thermal burns, 441
Thermodilution method, 107, 108, 

108f, 109f
Thermoregulation, with spinal cord 

injury, 348
Thiazides, 264t
Thioamides, 388t
Thoracentesis, 229t

in respiratory assessment, 217t
Thoracic aortic aneurysm, 197, 198, 

198b
Thoracic fl uid content (TFC), 110t
Thoracic surgery, 226
Thoracic trauma, 475, 477–480, 477b, 

478f
aortic transection, 479–480
bony thorax fractures, 475, 

477–478, 478f
cardiac contusion, 479
cardiac tamponade, 479
penetrating cardiac injury, 479
pleural space injuries, 478–479
pulmonary contusion, 479
tracheobronchial, 475

Throat, in nutritional disorders, 48t
Thrombocytopenia, 363t

assessment, 413
causes of, 413b
heparin-induced 

thrombocytopenia, 412
immune thrombocytopenic 

purpura, 413
management, 413, 414
thrombotic thrombocytopenic 

purpura, 413, 413t
Thromboembolism

with brain tumors, 330t
myocardial infarction, 185

Thrombolytic therapy, for stroke, 
335, 336b

Thrombosis, 98
Thrombotic thrombocytopenic 

purpura (TTP), 413, 413f
Thyroid gland, 378, 379–381, 379f, 

380f
diagnostic studies, 381
history and physical examination, 

379, 380, 380f
laboratory studies

thyroid hormone levels, 380–381
TSH test, 380

Thyroid gland dysfunction
myxedema coma, 388–389

assessment, 386
management, 388–389

thyrotoxic crisis, 386–388, 387b, 388t
assessment, 387
factors, 387b
management, 387–388, 388t

Thyroid-stimulating hormone 
(TSH), 380

Thyromegaly, 380
Thyrotoxic crisis, 386–388, 387b, 388t

assessment, 387
factors, 387b
management, 387–388, 388t

damage control and, 474–475
defi nitive care and, 475, 475b
fl uid resuscitation for, 473–474, 

474t
primary survey for, 472, 473
secondary survey for, 473
tertiary survey for, 473

maxillofacial, 484, 485, 485f
mechanism of injury and, 470–471, 

471f
blunt, 470–471, 471f
penetrating, 471

prehospital assessment and 
management of, 472

thoracic, 475, 477–480, 477b, 478f
trauma center designation, 472

Traumatic brain injury (TBI), 317–
326, 318f, 319t, 320f, 322f, 
323b, 324t, 325b, 325t

brain death and, 326
case study of, 348–349
management of, 321–326, 322f, 

323b, 324t, 325b, 325t
cardiovascular complication 

management for, 325
coma, 321, 324t, 325b
disorders of sodium imbalance, 

322, 325, 325t
families and, 325, 326
persistent vegetative state and, 

321
pulmonary complication 

management for, 325
sympathetic storming 

identifi cation and 
management for, 322

primary, 317, 318, 319–321, 320f
cerebrovascular injury and, 

320–321
concussion and, 319
contusion and, 319
diffuse axonal injury and, 320
epidural hematoma and, 319, 

320f
intraparenchymal hematoma 

and, 320, 320f
scalp laceration and, 318
skull fracture and, 318, 319
subarachnoid hemorrhage and, 

320
subdural hematoma and, 319–320, 

320f
secondary, 321

cerebral edema, 321
cerebral ischemia, 321
hyperthermia, 321
seizures, 321

Traumatic pneumothorax, 243, 243f
Triamterene (Dyrenium), 264t
Tricuspid regurgitation, 149t
Trigeminal nerve (cranial nerve V), 

298t
assessment of, 296, 297

Triggered response, 83b
Triglycerides, serum, normal values 

for, 357t
Trochlear nerve (cranial nerve IV)

assessment of, 296, 297f

Thyrotropin assay, 380
Thyroxine-binding globulin (TBG), 

380, 381
Tidal volume, 216t
Tobacco smoking, for cardiovascular 

disease, 145b
Tobramycin, in renal failure and 

hemodialysis, 265b
Tolerance, 34t
Tomography, of kidneys, 261t
Topical antimicrobial agents, 452, 

452t
Torsades de pointes, on 

electrocardiogram, 76, 76f
Total-body surface area (TBSA), 443, 

444, 444b
Total iron-binding capacity (TIBC), 

402t
Total lung capacity, 216t
Total parenteral nutrition (TPN), 53
Total serum protein, 356t
Touch, for pain management, 39
T-piece trial, for weaning from 

mechanical ventilation, 132
Tracheobronchial injury, 449
Tracheobronchial trauma, 475
Tracheostomy, 118–119, 118b, 118f

complications of, 118b
equipment for, 118b
indications for, 118b
suctioning, 119, 120b

Transcranial Doppler sonography 
(TCD), 301t

Transcutaneous pacing, 84, 85, 85b, 
85f

Transdermal administration, of 
opioids, 37t

Transesophageal echocardiography, 
154t

Transferrin
normal values for, 356t
nutritional status and, 48t

Transjugular intrahepatic 
portosystemic shunt (TIPS), 
364, 364f

Transmyocardial revascularization, 
164

Transnasal surgery, 315
Transsphenoidal surgery, 315
Transthoracic echocardiography, 

153t
Transthoracic temporary pacing 

systems, 85
Transvenous temporary pacing 

systems, 83, 84, 84b
Trauma, 470–486

abdominal compartment 
syndrome, 474, 475, 485

abdominal, 480–483, 480f, 482b
with burns, 446, 447
case study of, 485–486
complications of, 475b
to head. See Traumatic brain injury 

(TBI)
in-hospital assessment and 

management of
collaborative care guide for, 

476b–477b
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Troubleshooting pacing systems, 88, 
89t–90t

True collaboration, 3b, 5
Tubular necrosis, acute

clinical manifestations of, 276
diuretic phase of, 276
ischemic, 276, 276f
oliguric/nonoliguric phase of, 275, 

276, 276b
onset phase of, 275
recovery phase of, 276
toxic, 276–277, 277b

Tumor(s)
of brain. See Brain tumors
of skin, 425t

Tumor lysis syndrome, 418
T wave, 63

U

Ulceration, 427t
Ulcers

arterial, 437t
of foot, diabetic, 437t
of skin, 429, 430, 431b, 431f, 432, 

432f
venous stasis, 437t

Ultrasonography
gastrointestinal, 358t
in neurological assessment, 261t

Umbilicus, abnormalities of, 355t
Undersensing, 83b
Uniform Anatomical Gift Act, 30
Unstable angina, 181
Upper airway edema, 448–449
Upper extremity, 293b
Upper gastrointestinal bleeding

assessment, 362–363, 363t
diagnostic studies, 362, 363
history, 362
laboratory studies, 362, 363t
physical examination, 362

causes of, 362b
etiology, 361–362, 362b

esophageal varices, 361–362
Mallory–Weiss tears, 362
peptic ulcer disease, 361
stress-related erosive syndrome, 

361, 362b
indications for, 365b
management, 363–364, 363b, 364f, 

365b
defi nitive, 364, 364f, 365b
initial, 363–364

nursing interventions for, 363b
Upper GI series, 358t

with small bowel follow-through, 
358t

Urinalysis, 259, 277
Urinary management, with spinal 

cord injury, 348
Urine

in epithelial cells, 258t
glucose in, 257t
ketones in, 257t
laboratory studies, 257–260, 

257t–258t, 259t, 260b

with cirrhosis and impending liver 
failure, 374b

with diabetic ketoacidosis, 392b
with disseminated intravascular 

coagulation, 411b
with impaired renal function, 283b
on mechanical ventilation, 128b
with multisystem trauma, 476b
with myocardial infarction, 189b
with spinal cord injury, 346b
with stroke, 337b
with traumatic brain injury, 323b

Ventilation–perfusion scanning, 217t
Ventilator(s). See also Mechanical 

ventilation
mechanical

high-frequency, 121, 122f
negative-pressure, 121
positive-pressure, 121–122
pressure, 121
volume, 121

Ventilator-associated lung injury 
(VALI), 122

Ventilator-associated pneumonia 
(VAP), 127, 130, 228

Ventilator-induced lung injury 
(VILI), 122

Ventricular assist devices (VADs), 
176, 177, 177b, 177f

Ventricular dysrhythmias
accelerated idioventricular 

rhythm, 
76, 77, 77f

fi brillation, on electrocardiogram, 
76, 77f

premature ventricular 
contractions, 74–76, 75f

pulmonary artery pressure 
monitoring and, 105

tachycardia, on electrocardiogram, 
76, 76f

torsades de pointes, 76, 76f
Ventricular ejection time (VET), 110t
Ventricular end-diastolic volume 

(VEDV), 192
Ventricular fi brillation, 76, 77f
Ventricular hypertrophy, 66
Ventricular irritability, cardiac 

pacing and, 87t
Ventricular septal rupture, 

myocardial infarction and, 
183, 184

Ventricular tachycardia, 76, 76f
Veracity, principle of, 24b
Verapamil, 80t, 139t
Vertical shear (VS), 485b
Very-low density lipoproteins 

(VLDL), 356t
Vesicles, 426t
Vestibular schwannomas, 326t
VGPO (Volume-guaranteed pressure 

options) mode, 124t, 127
Virtue ethics, 24b
Visitation, 12
Visual evoked potentials (VEPs), 301t
Vital capacity, 216t
Vitamin C, 416
Vitiligo, 425t

osmolality of, 278t
in parasite, 258t
in protein, 257t
red blood cells, 257t
sediment of, 278t
sodium, 278t
specifi c gravity of, 278t
volume, 259
volume of, 278t
in white blod cells, 258t

Urine amylase, 357t
Urine bilirubin, 356t
Urine ketones, 381
Urine sodium concentration, 258t, 

259
Urobilinogen, 356t
Urticaria, 427
Utilitarianism, 24b
U wave, 63

V

Vacuum-assisted wound closure 
(VAC), 435, 437, 438, 438b, 
438f

Vagal nerve stimulator, for seizures, 
339t

Vagus nerve (cranial nerve X), 298t
assessment of, 298

Valacyclovir, in renal failure and 
hemodialysis, 265b

Valve reconstruction, 201
Valve replacement, 201, 201b
Valvular disease, 199–201, 200t, 

201b
assessment of, 200, 201
management of

valve reconstruction and, 201
valve replacement, 201, 201b

VAP (ventilator-associated 
pneumonia), 127, 130

Variant angina, 182
Vascular disease, 230b
Vasoconstrictors, 462t
Vasodilators, 462t

nesiritide, 161
nitrates, 161
nitroprusside sodium, 161

Vasogenic edema, 305b
Vasopressin, 139t, 160t
Vasopressin (Pitressin), 462t
Velocity index (VI), 110t
Venous hum, 355t
Venous oxygen content (CvO

2), 111t
Venous oxygen delivery index 

(DvO2I), 111t
Venous oxygen saturation, 112
Venous stasis ulcers, 437t
Venous thromboembolism (VTE)

risk factors for, 244b
treatment of, 246t

Ventilation
with acute pancreatitis, 368b
with acute respiratory distress 

syndrome, 239b
after cardiac surgery, 168b
with burns, 447b, 450b
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VLDL (very-low density lipoprotein), 
356t

Volume-guaranteed pressure options 
(VGPO) mode, 124t, 127

Volume resuscitation, 460t
Volume resuscitation, acute upper 

gastrointestinal bleeding, 
363, 364

Volume ventilation, 121
Volutrauma, mechanical ventilation 

and, 122
Vomiting, in end-of-life care, 42
VTE. See Venous thromboembolism 

(VTE)

W

Warfarin, 158, 158b
WBCs. See White blood cells (WBCs)
Weaning

from intra-aortic balloon pump 
counterpulsation, 176, 176b

from mechanical ventilation, 
130, 131–133, 132b, 133b, 133f

for long-term ventilation, 132, 
133b

diabetic foot ulcers, 437t
drainage of, 438, 439f
dressings for, 438–439
healing of

methods of, 434, 435f
phases of, 434, 435f

high-volume draining wounds, 
care of, 438, 439f

pressure ulcers. See Pressure ulcers
signs and symptoms of, 440b
skin tears, 437t
venous stasis ulcers, 437t

Wound adhesives, 438
Wound infection, with brain tumors, 

330t
Wound stressors, 437t

Y

Yeast cells, in urine, 258t

Z

Zeroing, in hemodynamic 
monitoring, 94, 94f

methods of, 132, 133, 133f
for short-term ventilation, 131–

132, 132b
Wenckebach block, on 

electrocardiogram, 77
Wet-to-dry dressings, 438, 439
Wheals, 426t
Whispered pectoriloquy, 211
White blood cells (WBCs), 463

count and differential, 401
T-and B-lymphocyte tests, 401
in urine, 258t

World Health Organization (WHO), 
326t

Wound(s), 434–440
arterial ulcers, 437t
assessment of, 429, 429b, 430f
case study of, 440
cleansing of, 435
closure of

sutures, staples, and wound 
adhesives for, 438

vacuum-assisted, 435, 437, 438, 
438b, 438f

cultures of, 440, 440b, 440f
debridement of, 439–440
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