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If you don’t like the road you’re walking, start paving another one.
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C H A P T E R 

66 

Nursing Management
Critical Care
Linda Bucher and Maureen A. Seckel

You must have long-range goals to keep you 
from being frustrated by short-range failures.

Charles C. Noble

L E A R N I N G  O U T C O M E S
1.	 Differentiate	the	various	certification	opportunities	for	critical	care	

nurses.
2.	 Select	appropriate	nursing	interventions	to	manage	common	

problems	and	needs	of	critically	ill	patients.
3.	 Develop	strategies	to	manage	issues	related	to	caregivers	of	

critically	ill	patients.
4.	 Apply	the	principles	of	hemodynamic	monitoring	to	the	collaborative	

care	and	nursing	management	of	patients	receiving	this	intervention.

5.	 Differentiate	the	purpose	of,	indications	for,	and	function	of	
circulatory	assist	devices	and	related	collaborative	care	and	nursing	
management.

6.	 Differentiate	the	indications	for	and	modes	of	mechanical	ventilation.
7.	 Select	appropriate	nursing	interventions	related	to	the	care	of	an	

intubated	patient.
8.	 Relate	the	principles	of	mechanical	ventilation	to	the	collaborative	

care	and	nursing	management	of	patients	receiving	this	intervention.

K E Y  T E R M S
arterial pressure–based cardiac output 

(APCO), p. 1606
assist-control ventilation (ACV), p. 1619
circulatory assist devices (CADs), p. 1610
continuous positive airway pressure 

(CPAP), p. 1621
endotracheal (ET) intubation, p. 1613

hemodynamic monitoring, p. 1602
high-frequency oscillatory ventilation 

(HFOV), p. 1622
intraaortic balloon pump (IABP),  

p. 1610
mechanical ventilation, p. 1618
negative pressure ventilation, p. 1618

positive end-expiratory pressure (PEEP),  
p. 1621

positive pressure ventilation (PPV), p. 1618
pressure support ventilation (PSV), p. 1621
ventricular assist device (VAD), p. 1612
volume ventilation, p. 1618
weaning, p. 1625

This chapter focuses on the role of the critical care nurse in 
the management of the critically ill patient in an intensive care 
setting. The chapter reviews the concepts related to cardiovas-
cular and respiratory dynamics. It emphasizes nursing man-
agement of patients requiring aspects of critical care not 
addressed in other chapters, such as invasive hemodynamic 
monitoring, circulatory assist devices, artificial airways, and 
mechanical ventilation.

CRITICAL CARE NURSING

The American Association of Critical-Care Nurses (AACN) 
defines critical care nursing as that specialty dealing with 
human responses to life-threatening problems.1 Critical care 
nurses care for patients with acute and unstable physiologic 
problems, and their caregivers. This involves assessing life-
threatening conditions, initiating appropriate interventions, 

Reviewed by Steven J. Palazzo, RN, PhD, Sauvage Fellow, The Hope Heart Institute, and Nurse Faculty Leadership Academy Fellow, STTI, Seattle 
University, College of Nursing, Seattle, Washington; and Trevah A. Panek, RN, MSN, CCRN, Assistant Professor of Nursing, Saint Francis  
University, Loretto, Pennsylvania.
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critical care nursing for an at-risk patient population in a more 
cost-effective environment.

Critical Care Nurse
A critical care nurse has in-depth knowledge of anatomy, physi-
ology, pathophysiology, pharmacology, and advanced assess-
ment skills, as well as the ability to use advanced technology. As 
a critical care nurse, you perform frequent assessments to 
monitor trends (patterns) in the patient’s physiologic parame-
ters (e.g., BP, ECG). This allows you to rapidly recognize and 
manage complications while aiding healing and recovery. You 
must also provide psychologic support to the patient and care-
giver. To be effective, you must be able to communicate and 
collaborate with all members of the interdisciplinary health 
team (e.g., physician, dietitian, social worker, respiratory thera-
pist, occupational therapist).

As a critical care nurse, you will face ethical dilemmas related 
to the care of your patients. Moral distress over perceived issues 
of delivering futile or nonbeneficial care can lead to emotional 
exhaustion or burnout. Consequently, it is important that all 
members of the health care team coexist in a healthy work 
environment.

Specialization in critical care nursing requires formal educa-
tion combined with a preceptored clinical orientation, often 
over several months. The AACN Certification Corporation 
offers critical care certification (CCRN) in adult, pediatric, and 
neonatal critical care nursing; progressive care certification 
(PCCN); and teleICU certification (CCRN-E). Subspecialty cer-
tifications are available in cardiac medicine (CMC) and cardiac 
surgery (CSC). The designation requires registered nurse (RN) 
licensure, practice experience in the related specialty area, and 
successful completion of a written test. Certification validates 
basic knowledge of critical or progressive care nursing. It is not 
the same as advanced practice.

Advanced practice critical care nurses currently have a grad-
uate (master’s or doctorate) degree with a proposed transition 
to a doctor of nursing practice (DNP) by 2015.3 These nurses 
function in a variety of roles: patient and staff educators, con-
sultants, administrators, researchers, or expert practitioners. 
The advanced practice critical care nurse who is a clinical nurse 
specialist (CNS) typically functions in one or more of these 
roles. Certification for the CNS in acute and critical care is 
available through the AACN. Another advanced practice role is 

evaluating the outcomes of the interventions, and providing 
education and emotional support to caregivers.

Critical Care Units
Critical care units (CCUs) or intensive care units (ICUs) are 
designed to meet the special needs of acutely and critically ill 
patients. In many hospitals the concept of ICU care has expanded 
from delivering care in a standard unit to bringing ICU care to 
patients wherever they might be. For example, the electronic or 
teleICU assists the bedside ICU team by monitoring the patient 
from a remote location (Fig. 66-1).

Similarly, the development of rapid response teams (RRTs) 
provides for the delivery of advanced care by specialized teams 
usually composed of a critical care nurse, a respiratory therapist, 
and a critical care physician or an advanced practice registered 
nurse (APRN). The team brings rapid and immediate care to 
unstable patients in noncritical care units. Patients often exhibit 
early and subtle signs of deterioration (e.g., mild confusion, 
tachypnea) 6 to 8 hours before cardiac or respiratory arrest. 
Early critical care intervention has made significant contribu-
tions to reducing mortality rates in these patients.2

The technology available in the ICU is extensive and always 
evolving. It is possible to continuously monitor the electrocar-
diogram (ECG), blood pressure (BP), oxygen (O2) saturation, 
cardiac output (CO), intracranial pressure, and temperature. 
More advanced monitoring devices measure cardiac index (CI), 
stroke volume (SV), stroke volume variation (SVV), ejection 
fraction (EF), end-tidal carbon dioxide (CO2), and tissue O2 
consumption. Patients may receive ongoing support from 
mechanical ventilators, intraaortic balloon pumps (IABPs), cir-
culatory assist devices (CADs), or dialysis machines. Fig. 66-2 
shows a typical ICU.

Progressive care units (PCUs), also called intermediate care 
or step-down units, provide a transition between the ICU and 
the general care unit or discharge. Generally, PCU patients are 
at risk for serious complications, but their risk is lower than that 
of ICU patients. Examples of patients found in PCUs include 
those scheduled for interventional cardiac procedures (e.g., 
stent placement), awaiting heart transplant, receiving stable 
doses of vasoactive IV drugs (e.g., diltiazem [Cardizem]), or 
being weaned from prolonged mechanical ventilation. Monitor-
ing capabilities in these units include continuous ECG, arterial 
BP, O2 saturation, and end-tidal CO2. The use of PCUs provides 

FIG. 66-1	 Tele-intensive	care	unit	control	room.	(From	Avera	Health,	Sioux	
Falls,	S	Dak.)

FIG. 66-2	 Typical	 intensive	 care	 unit.	 (Courtesy	 Spacelabs	 Medical,	
Redmond,	Wash.)
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factor to underfeeding patients is the frequent interruptions in 
enteral feedings because of medication administration and mul-
tiple tests and procedures. Determining who to feed, what to 
feed, when to feed, and how to feed (e.g., route of administra-
tion) is crucial when caring for critically ill patients.5 Collabo-
rate with the physician and the dietitian to determine how best 
to meet the nutritional needs of ICU patients.

The primary goal of nutritional support is to prevent or 
correct nutritional deficiencies. This is usually done by the early 
provision of enteral nutrition (i.e., delivery of calories via the 
gastrointestinal [GI] tract) or parenteral nutrition (i.e., IV deliv-
ery of calories).5 Enteral nutrition preserves the structure and 
function of the gut mucosa and stops the movement of gut 
bacteria across the intestinal wall and into the bloodstream. In 
addition, early enteral nutrition is associated with fewer com-
plications and shorter hospital stays and is less expensive than 
parenteral nutrition.5 (Enteral and parenteral nutrition are dis-
cussed in Chapter 40.)

Parenteral nutrition is used when the enteral route cannot 
provide adequate nutrition or is contraindicated. Examples of 
these conditions are paralytic ileus, diffuse peritonitis, intestinal 
obstruction, pancreatitis, GI ischemia, abdominal trauma or 
surgery, and severe diarrhea.

Anxiety.  Anxiety is a common problem for ICU patients. 
The primary sources of anxiety include the perceived or antici-
pated threat to health or life, loss of control of body functions, 
and an environment that is foreign. Many patients and caregiv-
ers feel uncomfortable in the ICU with its complex equipment, 
high noise and light levels, and intense pace of activity. Pain, 
impaired communication, sleeplessness, immobilization, and 
loss of control all enhance anxiety.

To help reduce anxiety, encourage patients and caregivers to 
express concerns, ask questions, and state their needs. Include 
the patient and caregiver in all conversations and explain the 
purpose of equipment and procedures. Be sure to structure the 
patient’s environment in a way that decreases anxiety. For 
example, encourage caregivers to bring in photographs and per-
sonal items. Appropriate use of antianxiety drugs (e.g., loraze-
pam [Ativan]) and relaxation techniques (e.g., music therapy) 
may reduce the stress response that can be triggered by anxiety.6

Pain.  The control of pain in the ICU patient is vital. As many 
as 70% of ICU patients have moderate to severe unrelieved pain. 
Inadequate pain control is often linked with agitation and 
anxiety and is known to add to the stress response. ICU patients 
at high risk for pain include those who (1) have medical con-
ditions that include ischemic, infectious, or inflammatory  
processes; (2) are immobilized; (3) have invasive monitoring 

the acute care nurse practitioner (ACNP). This APRN provides 
comprehensive care to select critically ill patients and their care-
givers. The ACNP conducts comprehensive assessments, orders 
and interprets diagnostic tests, manages health problems and 
disease-related symptoms, prescribes treatments, and coordi-
nates care during transitions in settings. Certification as an 
ACNP is available through the AACN. Prescriptive authority 
and licensure regulations for APRNs vary by state.

Critical Care Patient
AACN defines a critically ill patient as one who is at high risk 
for actual or potential life-threatening health problems and who 
requires intense and vigilant nursing care.1 A patient is generally 
admitted to the ICU for one of three reasons. First, the patient 
may be physiologically unstable, requiring advanced clinical 
judgments by you and a physician. Second, the patient may be 
at risk for serious complications and require frequent assess-
ments and often invasive interventions. Third, the patient may 
require intensive and complicated nursing support related to 
the use of IV polypharmacy (e.g., sedation, thrombolytics, 
drugs requiring titration [e.g., vasopressors]) and advanced 
technology (e.g., mechanical ventilation, intracranial pressure 
monitoring, continuous renal replacement therapy, hemody-
namic monitoring).

ICU patients can be clustered by disease condition (e.g., 
neurology, pulmonary) or age-group (e.g., neonatal, pediatrics). 
ICU patients are sometimes clustered by acuity (e.g., acute and 
unstable versus technology dependent but stable). Patients 
commonly treated in the ICU include those with respiratory 
distress, myocardial infarction, or acute neurologic impairment 
or those receiving care after cardiac surgery or other major 
surgical procedures (e.g., organ transplantation). Trauma and 
burn ICUs care for critically injured patients. Patients with 
medical emergencies (e.g., sepsis, diabetic ketoacidosis, drug 
overdoses, thyroid crisis) are treated in a medical ICU. The 
patient who is not expected to recover from an illness is usually 
not admitted to an ICU. For example, the ICU is not used to 
manage the patient in a persistent coma or to prolong the 
natural process of death.

Despite the emphasis on caring for patients who are expected 
to survive, the incidence of death is higher in ICU patients than 
in non-ICU patients. In general, nonsurvivors are older, have 
co-morbidities (e.g., liver disease, obesity), and experience 
longer ICU stays.4 Consequently, it is important that you are 
skilled in palliative and end-of-life care (see Chapter 10).

Common Problems of Critical Care Patients. The patient 
admitted to the ICU is at risk for numerous complications and 
special problems. Critically ill patients are usually immobile and 
at high risk for skin problems (see Chapter 24) and venous 
thromboembolism (see Chapter 38). The use of multiple, inva-
sive devices predisposes the patient to health care–associated 
infections (HAIs). Sepsis and multiple organ dysfunction syn-
drome (MODS) may follow (see Chapter 67). Adequate nutri-
tion for the critically ill patient is essential. Other special 
problems relate to anxiety, pain, impaired communication, 
sensory-perceptual problems, and sleep disorders.

Nutrition.  Patients often arrive at ICUs with conditions that 
result in either hypermetabolic states (e.g., burns, sepsis) or 
catabolic states (e.g., acute kidney injury). Other times, patients 
are in severely malnourished states (e.g., chronic heart, pulmo-
nary, or liver disease). In general, inadequate nutrition is linked 
to increased mortality and morbidity rates. One contributing 

INFORMATICS IN PRACTICE
Smart Infusion Pumps

•	 Smart	infusion	pumps,	with	preprogrammed	drug	libraries	and	wire-
less	technology,	calculate	medication	dose	and	delivery	rates	to	help	
prevent	IV	medication	errors	and	reduce	the	risk	of	patient	harm.

•	 Smart	pumps	provide	information	used	in	driving	safe	practices,	such	
as	the	total	number	of	infusions	programmed	using	the	drug	library,	
how	many	times	pumps	were	manually	overridden,	or	how	often	an	
alert	resulted	in	reprogramming	an	infusion.

•	 Remember,	if	you	make	a	mistake	and	enter	incorrect	data,	you	will	
get	 incorrect	 results.	Some	drugs	 (e.g.,	heparin	 [Hep-Lock])	 require	
that	a	second	nurse	confirm	the	pump	settings.	Always	use	your	best	
nursing	 judgment	 when	 using	 smart	 infusion	 pumps	 or	 any	 other	
technology	and	follow	agency	policy.
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Sensory overload can also result in patient distress and 
anxiety. Environmental noise levels are particularly high in the 
ICU.10 You can limit noise and assist the patient in understand-
ing noises that cannot be prevented. Conversation is a particu-
larly stressful noise, especially when the discussion concerns the 
patient and is held in the presence of, but without participation 
from, the patient.10 Reduce this source of stress by finding suit-
able places for patient-related discussions. Whenever possible, 
include the patient or the caregiver in the discussion.

You can also limit noise levels by muting phones, setting 
alarms based on the patient’s condition, and reducing unneces-
sary alarms. For example, silence the BP alarm when handling 
invasive lines and then reset the alarm when done. Similarly, 
silence ventilator alarms when suctioning. Last, limit overhead 
paging and all unnecessary noise in patient care areas.

Sleep  Problems.  Nearly all ICU patients have sleep distur-
bances. Patients may have difficulty falling asleep or have  
disrupted sleep because of noise, anxiety, pain, frequent moni-
toring, or treatment procedures. Sleep disturbance has been 
associated with delirium and delayed recovery.8,10 Arrange 
the environment to promote the patient’s sleep-wake cycle. 
Strategies include scheduling rest periods, dimming lights at 
nighttime, opening curtains during the daytime, getting physi-
ologic measurements without disturbing the patient, limiting 
noise, and providing comfort measures (e.g., massage).11 If nec-
essary, use benzodiazepines (e.g., temazepam [Restoril]) and 
benzodiazepine-like drugs (e.g., zolpidem [Ambien]) to induce 
and maintain sleep. (Sleep and sleep disorders are discussed in 
Chapter 8.)

Issues Related to Caregivers
When someone becomes critically ill, care extends beyond the 
patient to the patient’s caregivers. Caregivers play a valuable role 
in the patient’s recovery and are members of the health care 
team. They contribute to the patient’s well-being by

• Providing a link to the patient’s personal life (e.g., news 
of family, job)

• Advising the patient in health care decisions or function-
ing as the decision maker when the patient cannot

• Helping with activities of daily living (e.g., bathing, oral 
suctioning)

• Providing positive, loving, and caring support
To be effective in caring for their loved one, caregivers need 

your guidance and support. The experience of having a friend 
or relative in the ICU is physically and emotionally difficult, 
often to the point of exhaustion. Anxiety and concerns regard-
ing the patient’s condition, prognosis, and pain are some of the 
issues caregivers confront. In addition, caregivers commonly 
experience anxiety over the financial issues related to the provi-
sion of care during a critical illness. Consulting with the case 
manager or social worker is helpful in these instances.

Caregivers often disrupt their daily routines to support the 
patient. They may be far from their own home, friends, and 
relatives. Ultimately, caregivers of the critically ill are in crisis, 
and family-centered care is essential.12 To provide family-
centered care effectively, you must be skilled in crisis interven-
tion. Conduct a family assessment and intervene as necessary. 
Strategies include active listening, reduction of anxiety, and 
support of those who become upset or angry. Acknowledge the 
caregivers’ feelings and accept and support their decisions. 
Consult other health care team members (e.g., chaplains, psy-
chologists, patient representatives) as necessary to help caregiv-

devices, including endotracheal tubes; and (4) require invasive 
or noninvasive procedures.7

For some critically ill patients (e.g., those needing mechani-
cal ventilation), continuous IV sedation (e.g., propofol [Dipri-
van]) and an analgesic agent (e.g., fentanyl [Sublimaze]) are 
effective strategies for sedation and pain control. However, 
patients getting deep sedation are unresponsive. This prevents 
you and other health care providers from fully assessing the 
patient’s neurologic status. To address this problem, guidelines 
should include a daily, scheduled interruption of sedation, or 
“sedation holiday.” These daily interruptions allow you to 
awaken the patient to conduct a neurologic examination.8 (Pain 
management is discussed in Chapter 9.)

Impaired  Communication.  Inability to communicate is dis-
tressing for patients who cannot speak because of the use of 
sedative and paralyzing drugs or an endotracheal tube. As part 
of every procedure, explain what will happen or is happening 
to the patient. When the patient cannot speak, explore alterna-
tive methods of communication, such as picture boards, note-
pads, magic slates, or computer keyboards. When speaking with 
the patient, look directly at the patient and use hand gestures 
when appropriate. For patients and caregivers who do not speak 
English, an approved translator or translator phone service 
must be provided (see Chapter 4).

Nonverbal communication is important. High levels of 
procedure-related touch and lower levels of comfort-related 
touch often characterize the ICU environment. Patients have 
different levels of tolerance for being touched, usually related to 
culture and personal history. If appropriate, use comforting 
touch with ongoing evaluation of the patient’s response. Simi-
larly, encourage caregivers to touch and talk with the patient 
even if the patient is unresponsive.

Sensory-Perceptual Problems.  Acute and reversible sensory-
perceptual changes are common in ICU patients. The combina-
tion of alterations in mentation (e.g., delusions, short attention 
span, loss of recent memory), psychomotor behavior (e.g., rest-
lessness, lethargy), and sleep-wake cycle (e.g., daytime sleepi-
ness, nighttime agitation) has been inappropriately called ICU 
psychosis. The patient experiencing these changes is not psy-
chotic but is suffering from delirium. It is estimated that the 
prevalence of delirium in ICU patients is as high as 80%.9 Sig-
nificant risk factors for delirium include preexisting dementia, 
history of baseline hypertension or alcohol abuse, and severe 
illness on admission. Environmental factors that can contribute 
to delirium include sleep deprivation, anxiety, sensory overload, 
and immobilization. Physical conditions such as hemodynamic 
instability, hypoxemia, hypercarbia, electrolyte disturbances, 
and severe infections can lead to delirium. Last, certain drugs 
(e.g., sedatives [benzodiazepines], analgesics [opioids], and 
antimicrobials [aminoglycosides]) have been linked with the 
development of delirium.9 (Chapter 60 discusses delirium.)

Monitor all ICU patients for delirium. Assessment tools 
include the Confusion Assessment Method for the ICU and the 
Intensive Care Delirium Screening Checklist9 (both available at 
www.icudelirium.org). It is critical to address physiologic factors 
(e.g., correction of oxygenation, perfusion, and electrolyte prob-
lems). The use of clocks and calendars can help orient the patient. 
If the patient demonstrates hyperactivity, insomnia, or delu-
sions, management with sedative drugs with anxiolytic effects 
(e.g., dexmed etomidine [Precedex]) can be considered.9 In addi-
tion, the presence of a caregiver may help orient the patient and 
reduce agitation. (See eTable 66-1 on the website for this chapter.)
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The first time that caregivers visit it is important for you to 
prepare them for the experience. Briefly describe the patient’s 
appearance and the physical environment (e.g., equipment, 
noise).15 Join caregivers as they enter the room, and observe the 
responses of both the patient and caregivers. Invite the caregiv-
ers to participate in the patient’s care if they desire. In some 
ICUs, visitation includes animal-assisted therapy or pet visita-
tion. The positive benefits of these interventions (e.g., decreases 
in BP and anxiety) far outweigh the risks (e.g., transmission of 
infection from animal to patient). They should be a part of the 
visitation policy.

In addition to traditional visiting, caregivers of patients 
undergoing invasive procedures (e.g., central line insertion) and 
cardiopulmonary resuscitation (CPR) want the option of being 
present at the bedside during these events. Even when the out-
comes are not favorable, being present helps caregivers over-
come doubts about the patient’s condition, reduces their anxiety 
and fear, meets their need to be together and to support their 
loved one, and aids the grief process if death occurs. AACN 
encourages critical care nurses to develop policies and proce-
dures that provide for the option of family presence during 
invasive procedures and CPR.16

CULTURALLY COMPETENT CARE
CRITICAL CARE PATIENTS
Providing culturally competent care to critically ill patients 
and caregivers is challenging. Often, meeting the patient’s 
physiologic needs is a priority and overshadows the influence 
of the patient’s culture on the illness experience. It remains 
important to consider the cultural aspects of the meaning of 
sickness and health, pain, dying and death, and grief when 
caring for critically ill patients and their caregivers (see 
Chapter 2).

Cultural perspectives on dying and death are complex. 
Telling some patients that they are dying as a way of letting them 
prepare for death may infringe on the family’s role. Others  
view a discussion about advance directives as a legal device to 
deny care.

Customs surrounding dying and death vary widely. Care-
giver requests may range from asking you to leave a window 
open so the spirit of the dead person can leave, to providing the 
final bath for the deceased. Ask the caregivers about the family’s 
cultural traditions when caring for the dying patient. Several 
variables influence the expressions of grief that follow the loss 
of a loved one. These include the relationship between the griev-
ing person and the deceased, whether the loss is sudden or 
anticipated, the support systems available to the grieving person, 
past experiences with loss, and the person’s religious and cul-
tural beliefs. Proceed cautiously when approaching patients 
facing death and their caregivers. Asking patients, “What do 
you want to know?” and “Who do you want with you when 
discussing options?” are good starting points.17 (Chapter 10 
provides additional information about end-of-life care.)

HEMODYNAMIC MONITORING

Hemodynamic monitoring is the measurement of pressure, 
flow, and oxygenation within the cardiovascular system.  
The purpose of hemodynamic monitoring is to assess heart 
function, fluid balance, and the effects of fluids and drugs  
on CO. Both invasive (internally placed devices) and noninva-
sive (external devices) hemodynamic parameters (values) are 

ETHICAL/LEGAL DILEMMAS
Family Presence and Visitation in the Adult ICU

Situation
B.W.,	a	new	nurse,	 is	undergoing	orientation	 in	 the	surgical	 intensive	
care	unit	(ICU).	He	asks	his	preceptor	why	the	patients’	families	are	per-
mitted	on	the	unit	throughout	the	day	and	even	the	night.	B.W.	states	
that,	in	his	last	position,	visiting	hours	in	the	ICU	were	10	AM	to	noon	and	
4	to	6	PM.	He	adds	that	families	make	him	nervous	when	they	watch	what	
he	is	doing	and	ask	him	multiple	questions.	B.W.	states	that	he	intends	
to	tell	the	visitors	to	leave	the	patient’s	room	when	he	is	providing	care.

Ethical/Legal Points for Consideration
•	 The	majority	of	nurses	in	adult	ICUs	prefer	unrestricted	visiting	poli-

cies,	but	research	indicates	that	most	ICU	policies	limit	visitation.
•	 Family	visitation	was	thought	to	cause	the	patient	physiologic	stress	

and	interfere	with	care.	Additionally,	it	was	believed	that	family	visita-
tion	 was	 mentally	 exhausting	 to	 patients	 and	 families,	 and	 even	
contributed	to	increased	infection	rates.	Evidence	does	not	support	
any	of	these	beliefs.

•	 Evidence	suggests	several	positive	patient	benefits	to	flexible	family	
visitation:	decreases	in	anxiety,	confusion,	and	agitation;	reductions	
in	cardiovascular	complications;	decreases	in	length	of	ICU	stay;	and	
reports	that	patients	feel	more	secure	and	satisfied	with	care.

•	 Similar	evidence	exists	for	the	benefits	of	flexible	visitation	for	family	
members:	increases	in	satisfaction,	decreases	in	anxiety,	promotion	
of	better	communication,	and	 increases	 in	opportunities	 for	patient	
and	family	teaching	as	the	family	becomes	more	involved	in	care.

•	 Some	conditions	may	require	restricting	visitation:	a	 legal	 reason	 is	
documented	 in	 the	 chart;	 visitor	 behavior	 presents	 a	 risk	 to	 the	
patient,	family,	staff,	or	others;	visitor	behavior	disrupts	the	function-
ing	of	the	unit;	visitor	has	a	contagious	illness	or	has	been	exposed	
to	a	contagious	disease	that	could	endanger	the	patient’s	health;	or	
the	patient	requests	fewer	or	no	visitors.

Discussion Questions
1.	How	 should	 the	 preceptor	 respond	 to	 B.W.’s	 statement	 of	 his	

intentions?
2.	Does	B.W.	have	an	ethical	or	legal	obligation	to	permit	family	visita-

tion	regardless	of	his	personal	concerns?	Defend	your	position.

ers cope. The extent to which family-centered care is provided 
can affect the patient’s clinical course in the ICU.

The major needs of caregivers of critically ill patients include 
information, reassurance, and convenience.13 Lack of informa-
tion is a major source of anxiety for the caregivers. Assess the 
caregiver’s understanding of the patient’s status, treatment plan, 
and prognosis and provide information as appropriate. Identify 
a spokesperson for the family to help coordinate information 
exchange between the health care team and family.

The caregiver needs reassurance regarding the way in which 
the patient’s care is managed and decisions are made. Invite the 
caregiver to meet the health care team members. Evaluate the 
appropriateness of including caregivers in interdisciplinary 
rounds and patient care conferences. It helps caregivers accept 
and cope with problems when they see that the health care team 
is caring and competent, decisions are deliberate, and their 
input is valued. If the patient has an advance directive, the 
caregiver needs to see that the patient’s wishes are followed. If 
the patient has designated a durable power of attorney for health 
care, this person must be involved in the patient’s plan of care.

Caregivers of critically ill patients need access to the patient. 
Limiting visitation does not protect the patient from adverse 
physiologic consequences.14 AACN strongly recommends less 
restrictive, individualized visiting policies. This is accomplished 
by assessing the patient’s and caregiver’s needs and preferences 
and incorporating these into the plan of care.14
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Cardiac index (CI) is the measurement of the CO adjusted for 
body surface area (BSA). It is a more precise measurement of 
the efficiency of the heart’s pumping action. Although minor 
beat-to-beat variations may occur, generally the left and right 
ventricles pump the same volume. The volume ejected with each 
heartbeat is the stroke volume (SV). Like CI, stroke volume index 
(SVI) is the measurement of SV adjusted for BSA. CO and the 
forces opposing blood flow determine BP. Systemic vascular 
resistance (SVR) (opposition encountered by the left ventricle) 
or pulmonary vascular resistance (PVR) (opposition encoun-
tered by the right ventricle) is the resistance to blood flow by 
the vessels. Preload, afterload, and contractility (see Chapter 32) 
determine SV (and thus CO and BP). It is essential that you 
understand these concepts and relationships. In addition, you 
must understand the effects of manipulating each of these vari-
ables. Table 66-1 presents the formulas and values for common 
hemodynamic parameters.

obtained. These include systemic and pulmonary arterial pres-
sures, central venous pressure (CVP), pulmonary artery wedge 
pressure (PAWP) (also known as pulmonary artery occlusive 
pressure [PAOP]), CO/CI, SV/SV index [SVI], SVV, O2 satura-
tion of the hemoglobin of arterial blood (SaO2), and mixed 
venous oxygen saturation (SvO2). From these measurements 
you can calculate several values, including the resistance of the 
systemic and pulmonary arterial vasculature and O2 content, 
delivery, and consumption. When you integrate these data, you 
get a picture of the patient’s hemodynamic status and the effect 
of therapy over time (trends). Make all measurements with 
attention to technical accuracy. Inaccurate data can result in 
unnecessary or inappropriate treatment.

Hemodynamic Terminology
Cardiac Output and Cardiac Index. Cardiac output (CO) is 

the volume of blood in liters pumped by the heart in 1 minute. 

TABLE 66-1 RESTING HEMODYNAMIC PARAMETERS

*This	formula	is	an	approximation	because	it	does	not	take	into	consideration	the	heart	rate.	The	monitor	looks	at	the	area	under	the	pressure	curve,	as	well	as	the	heart	rate,	to	
calculate	MAP	and	PAMP.

Indicators Normal Range

Preload
Right	atrial	pressure	(RAP)	or	central	venous	pressure	(CVP) 2-8	mm	Hg

Pulmonary	artery	wedge	pressure	(PAWP)	or	left	atrial	pressure	(LAP) 6-12	mm	Hg

Pulmonary	artery	diastolic	pressure	(PADP) 4-12	mm	Hg

Right ventricular end-diastolic volume RVEDV
Stroke volum

( ) = ee SV
Right ventricular ejection fraction RVEF

( )
( )

100-160	mL

Afterload

Pulmonary vascular resistance PVR
Pulmonary artery mean 

( )
(= ppressure PAMP PAWP

Cardiac output CO
[ ] )

( )
− × 80 <250	dynes/sec/cm−5

Pulmonary vascular resistance index PVRI
PAMP PAWP
Ca

( )
( )= − × 80

rrdiac index CI( )
160-380	dynes/sec/cm−5/m2

Systemic vascular resistance SVR
Mean arterial pressure

( )
( [= MMAP CVP

CO
] )− × 80

800-1200	dynes/sec/cm−5

Systemic vascular resistance index SVRI
MAP CVP

CI
( )

( )= − × 80
1970-2390	dynes/sec/cm−5/m2

MAP
Systolic blood pressure Diastolic blood pressure= + 2

3
 
∗

( )
70-105	mm	Hg

PAMP
Pulmonary artery systolic pressure PASP  PADP= +( ) 2

3∗ 10-20	mm	Hg

Other

Stroke volume
CO

Heart rate
= 60-150	mL/beat

Stroke volume index SVI
CI

Heart rate
( ) = 30-65	mL/beat/m2

Stroke volume variation SVV
SV SV

SVmean

( ) max min= − <13%

Heart	rate	(HR) 60-100	beats/min

CO SV HR= × 4-8	L/min

CI
CO

Body surface area BSA
=

( )
2.2-4	L/min/m2

RVEF
SV

RVEDV
=

×100
40%-60%

Arterial	hemoglobin	O2	saturation 95%-100%

Mixed	venous	hemoglobin	O2	saturation 60%-80%

Venous	hemoglobin	O2	saturation 70%



SECTION 12 Nursing Care in Critical Care Settings1604

tractility is changed. Contractility is reduced in the failing 
heart.

Principles of Invasive Pressure Monitoring
Invasive lines are used in the ICU to measure systemic and 
pulmonary BPs. Fig. 66-3 shows the components of a typical 
invasive arterial BP monitoring system. The catheter, pressure 
tubing, flush system, and transducer are disposable.

Pressure monitoring equipment is referenced and zero bal-
anced to the environment and dynamic response characteristics 
optimized for accuracy. Referencing means positioning the 
transducer so that the zero reference point is at the level of the 
atria of the heart. The stopcock nearest the transducer is usually 
the zero reference for the transducer. To place this level with the 
atria, use an external landmark, the phlebostatic axis. To iden-
tify the phlebostatic axis, draw two imaginary lines with the 
patient supine (Fig. 66-4, A). Draw a horizontal line down from 
the axilla, midway between the anterior and posterior chest 
walls. Draw a vertical line laterally through the fourth intercos-

Preload. Preload is the volume within the ventricle at the 
end of diastole. Unfortunately, chamber volume measurements 
are difficult to obtain. Instead, various pressures are used to 
estimate the volume. Left ventricular preload is called left ven-
tricular end-diastolic pressure. PAWP, a measurement of pulmo-
nary capillary pressure, reflects left ventricular end-diastolic 
pressure under normal conditions (i.e., when there is no mitral 
valve dysfunction, intracardiac defect, or dysrhythmia). CVP, 
measured in the right atrium or in the vena cava close to the 
heart, is the right ventricular preload or right ventricular end-
diastolic pressure when there is no tricuspid valve dysfunction, 
intracardiac defect, or dysrhythmia.

Frank-Starling’s law explains the effects of preload and states 
that the more a myocardial fiber is stretched during filling, the 
more it shortens during systole and the greater the force of the 
contraction. As preload increases, force generated in the subse-
quent contraction increases, and thus SV and CO increase. The 
greater the preload, the greater the myocardial stretch and the 
greater the O2 requirement of the myocardium. Hence, increases 
in CO via increased preload require increased delivery of O2 to 
the myocardium. Remember that the change in SV with preload 
comes about because of stretching and recoil of the heart 
muscle. However, the clinical measurement made is not a direct 
measurement of the muscle length. The measurement is of the 
pressure at the time of the peak stretch (end diastole) (see Table 
66-1). This pressure indirectly indicates the amount of stretch 
and the volume. This pressure is also important because it indi-
cates pressure in the blood vessels of the lung or in the blood 
returning to the heart. Diuresis and vasodilation decrease 
preload, and fluid administration increases preload.

Afterload. Afterload refers to the forces opposing ventricular 
ejection. These forces include systemic arterial pressure, the 
resistance offered by the aortic valve, and the mass and density 
of the blood to be moved. Clinically, although the measures fail 
to include all the components of afterload, SVR and arterial 
pressure are indices of left ventricular afterload. Similarly, PVR 
and pulmonary arterial pressure are indices of right ventricular 
afterload. Increased afterload often results in a decreased CO. 
CO can be restored and myocardial O2 needs reduced by 
decreasing afterload (i.e., decreasing forces opposing contrac-
tion). Vasodilator drug therapy (e.g., milrinone [Primacor]) can 
reduce afterload.

Vascular Resistance. Systemic vascular resistance (SVR) is 
the resistance of the systemic vascular bed. Pulmonary vascular 
resistance (PVR) is the resistance of the pulmonary vascular 
bed. Both these measures reflect afterload as described earlier 
and can be adjusted for body size (see Table 66-1).

Contractility. Contractility describes the strength of con-
traction. Contractility is said to increase when preload is 
unchanged yet the heart contracts more forcefully. Epineph-
rine, norepinephrine (Levophed), isoproterenol (Isuprel), 
dopamine (Intropin), dobutamine (Dobutrex), digitalis-like 
drugs, calcium, and milrinone increase or improve contractil-
ity. These drugs are termed positive inotropes. Contractility is 
reduced by negative inotropes. Examples include certain drugs 
(e.g., alcohol, calcium channel blockers, β-adrenergic blockers) 
and clinical conditions (e.g., acidosis). Increased contractility 
results in increased SV and increased myocardial O2 require-
ments. There are no direct clinical measures of cardiac contrac-
tility. Measuring the patient’s preload (PAWP) and CO and 
graphing the results indirectly indicates contractility. If preload, 
heart rate, and afterload remain constant yet CO changes, con-

FIG. 66-3	 Components	 of	 a	 pressure	 monitoring	 system.	 The	 cannula,	
shown	entering	the	radial	artery,	is	connected	via	pressure	(nondistensible)	
tubing	 to	 the	 transducer.	The	transducer	converts	 the	pressure	wave	 into	
an	 electronic	 signal.	 The	 transducer	 is	 wired	 to	 the	 electronic	 monitoring	
system,	which	amplifies,	conditions,	displays,	and	records	the	signal.	Stop-
cocks	are	inserted	into	the	line	for	specimen	withdrawal	and	for	referencing	
and	zero-balancing	procedures.	A	flush	system,	consisting	of	a	pressurized	
bag	of	IV	fluid,	tubing,	and	a	flush	device,	is	connected	to	the	system.	The	
flush	system	provides	continuous	slow	(approximately	3	mL/hr)	flushing	and	
provides	a	mechanism	for	fast	flushing	of	lines.	
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FIG. 66-4	 Identification	of	the	phlebostatic	axis.	A,	Phlebostatic	axis	is	an	
external	landmark	used	to	identify	the	level	of	the	atria	in	the	supine	patient.	
It	is	defined	as	the	intersection	of	two	imaginary	lines:	one	drawn	horizon-
tally	from	the	axilla,	midway	between	the	anterior	and	posterior	chest	walls,	
and	the	other	drawn	vertically	through	the	fourth	intercostal	space	along	the	
lateral	chest	wall.	B,	Air-fluid	 interface	 (zeroing	 the	stopcock)	 is	 level	with	
the	phlebostatic	axis	using	a	carpenter’s	or	laser	level.	

4th intercostal space
Phlebostatic

axis Outermost
anterior
chest

Midchest

Outermost
posterior
chest

Phlebostatic axis

A

B

Air-fluid
interface
(zeroing

stopcock)

Transducer Carpenter level

FIG. 66-5	 Optimally	damped	system.	Dynamic	response	test	(square	wave	
test)	using	 the	 fast	flush	system:	normal	 response.	No	adjustment	 in	 the	
monitoring	system	is	required.	

When the fast flush of the continuous flush system is activated and
    quickly released, a sharp upstroke terminates in a flat line at the
    maximal indicator on the monitor and hard copy. This is then
    followed by an immediate rapid downstroke extending below
    baseline with just 1 or 2 oscillations within 0.12 second (minimal
    ringing) and a quick return to a baseline. The patient’s pressure
    waveform is also clearly defined with all components of the
    waveform, such as the dicrotic notch on an arterial waveform,
    clearly visible.

Square wave test configuration

Observed
waveform

TABLE 66-2 INVASIVE ARTERIAL BLOOD 
PRESSURE MEASUREMENT

1.	Explain	the	procedure	to	the	patient.
2.	Position	the	patient	supine	and	flat	or,	if	appropriate,	with	the	head	

of	the	bed	at	less	than	45	degrees	or	prone.
3.	Confirm	that	the	zero	reference	(port	of	the	stopcock	nearest	the	

transducer)	is	placed	at	the	level	of	the	phlebostatic	axis	(see	Fig.	
66-4).	If	the	reference	stopcock	is	not	taped	to	the	patient’s	chest,	
use	a	leveling	device	to	position	the	stopcock	on	a	bedside	pole	at	
the	point	level	with	the	phlebostatic	axis.

4.	Observe	the	monitor	tracing	and	assess	the	quality	of	the	tracing.	
Perform	a	dynamic	response	test	(see	Fig.	66-5).

5.	Obtain	an	analog	printout,	if	available,	and	measure	the	systolic	and	
diastolic	pressures	at	end	expiration	(see	Fig.	66-6).	If	no	printout	is	
available,	freeze	the	tracing	on	the	oscilloscope	screen	and	use	the	
cursor	to	measure	the	pressures	at	end	expiration.

6.	Record	the	pressure	measurements	promptly,	including	(if	
available)	the	printout	marked	to	identify	the	points	read.

tal space along the chest wall. The phlebostatic axis is the inter-
section of the two imaginary lines. Mark this location on the 
patient’s chest with a permanent marker. Position the port of 
the stopcock nearest the transducer level with the phlebostatic 
axis. Tape the transducer to the patient’s chest at the phlebo-
static axis or mount it on a bedside pole (Fig. 66-4, B).

Zeroing confirms that when pressure within the system is 
zero, the monitor reads zero. To do this, open the reference 
stopcock to room air (off to the patient) and observe the monitor 
for a reading of zero. This allows the monitor to use the atmo-
spheric pressure as a reference for zero. Zero the transducer 
during the initial setup, immediately after insertion of the arte-
rial line, when the transducer has been disconnected from the 
pressure cable or the pressure cable has been disconnected from 
the monitor, and when the accuracy of the measurements is 
questioned. Always follow the manufacturer’s guidelines.

Optimizing dynamic response characteristics involves check-
ing that the equipment reproduces, without distortion, a signal 
that changes rapidly. Perform a dynamic response test (square 
wave test) every 8 to 12 hours and when the system is opened 
to air or the accuracy of the measurements is questioned. It 
involves activating the fast flush and checking that the equip-
ment reproduces a distortion-free signal (Fig. 66-5).

Table 66-2 outlines the steps in obtaining BP measurements 
with an invasive line. Obtain measurements from both digital 
and printed analog outputs. Readings from a printed pressure 
tracing at the end of expiration (to limit the effect of the respira-
tory cycle on arterial BP) are most accurate.18 Position the 
patient supine for initial readings. Unless the patient’s BP is 
extremely sensitive to orthostatic changes, values with head-of-
bed (HOB) elevation (up to 45 degrees) are generally equal to 
measurements with the patient supine. Additionally, readings 
in the prone position are generally accurate. However, there is 
little support for the accuracy of readings in the lateral posi-

tions.18 It is not necessary to reposition the patient for each 
pressure reading. However, it is important to keep the zero 
reference stopcock level with the phlebostatic axis.

SAFETY ALERT: Positioning the Zero Reference Stopcock
•	 Mark	the	location	of	the	phlebostatic	axis	on	the	patient’s	chest	with	

a	permanent	marker.
•	 Recheck	 the	 leveling	of	 the	zero	 reference	stopcock	 to	 the	phlebo-

static	axis	with	any	change	in	the	patient’s	position	before	obtaining	
a	reading.

•	 Transducers	 placed	 higher	 than	 the	 phlebostatic	 axis	 will	 produce	
falsely	low	readings.	Transducers	placed	lower	than	the	phlebostatic	
axis	will	produce	falsely	high	readings.
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Circulatory impairment can result from formation of a 
thrombus around the catheter, release of an embolus, spasm, or 
occlusion of the circulation by the catheter. Before inserting a 
line into the radial artery, perform an Allen test to confirm that 
ulnar circulation to the hand is adequate. In this test, apply 
pressure to the radial and ulnar arteries simultaneously. Ask the 
patient to open and close the hand repeatedly. The hand should 
blanch. Release the pressure on the ulnar artery while maintain-
ing pressure on the radial artery. If pinkness fails to return 
within 6 seconds, the ulnar artery is inadequate and you should 
not use the radial artery for line insertion.

To maintain line patency and limit thrombus formation, 
assess the continuous flush system every 1 to 4 hours to deter-
mine that the (1) pressure bag is inflated to 300 mm Hg,  
(2) flush bag contains fluid, and (3) system is delivering 3 to 
6 mL/hr. Because of the risk of heparin-induced thrombocyto-
penia (HIT), heparinized saline should not be routinely used 
for the flush solution.18 (HIT is discussed in Chapter 31.)

Once the catheter is inserted, evaluate the neurovascular 
status distal to the arterial insertion site hourly. The limb with 
compromised arterial flow will be cool and pale, with capillary 
refill time longer than 3 seconds. The patient may have symp-
toms of neurologic impairment (e.g., paresthesia, pain, paraly-
sis). Neurovascular impairment, which can result in the loss of 
a limb, is an emergency.

Arterial Pressure–Based Cardiac Output. Arterial pressure–
based cardiac output (APCO) monitoring is a minimally inva-
sive technique to determine continuous CO (CCO)/continuous 
CI (CCI). In addition to measuring CCO, APCO is used to 
assess a patient’s ability to respond to fluids by increasing SV 
(preload responsiveness). This is determined by using stroke 
volume variation (SVV) or by measuring the percent increase 
in SV after a fluid bolus19 (see Table 66-1). This technology uses 
a specialized sensor that attaches to a standard arterial pressure 
line and a monitor (Fig. 66-7).

SVV is the variation of the arterial pulsation caused by the 
heart-lung interaction. It is a sensitive indicator of preload 
responsiveness when used on select patients. SVV is used only 
for patients on controlled mechanical ventilation with a fixed 

FIG. 66-6	 A,	Simultaneously	recorded	electrocardiogram	(ECG)	tracing	and	
B,	systemic	arterial	pressure	tracing.	Systolic	pressure	is	the	peak	pressure.	
The	 dicrotic notch	 indicates	 aortic	 valve	 closure.	 Diastolic	 pressure	 is	 the	
lowest	 value	 before	 contraction.	 Mean	 pressure	 is	 the	 average	 pressure	
over	time	calculated	by	the	monitoring	equipment.	
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Types of Invasive Pressure Monitoring
Arterial Blood Pressure. Continuous arterial BP monitor-

ing is indicated for patients in many situations, including acute 
hypertension and hypotension, respiratory failure, shock, neu-
rologic injury, coronary interventional procedures, continuous 
infusion of vasoactive drugs (e.g., sodium nitroprusside [Nitro-
press]), and frequent arterial blood gas (ABG) sampling. A 
20-gauge, 2-in (5.1-cm) nontapered Teflon catheter is typically 
used to cannulate a peripheral artery (e.g., radial, femoral) using 
a percutaneous approach. After insertion, the catheter is usually 
sutured in place.18 You must immobilize the insertion site to 
prevent dislodging or kinking the catheter line.

Measurements.  Use the arterial line to obtain systolic, dia-
stolic, and mean BPs (Fig. 66-6). The high- and low-pressure 
alarms are set based on the patient’s current status and then 
activated. Various patient conditions will change the pressure 
tracings. In heart failure, the systolic upstroke may be slower. 
In volume depletion, systolic pressure varies greatly with 
mechanical ventilation, decreasing during inspiration. Observe 
simultaneous ECG and pressure tracings with dysrhythmias. 
Dysrhythmias that significantly diminish arterial BP are more 
urgent than those that cause only a slight decrease in systolic 
amplitude.

Complications.  Arterial lines carry the risk of hemorrhage, 
infection, thrombus formation, neurovascular impairment, and 
loss of limb. Hemorrhage is most likely to occur when the cath-
eter dislodges or the line disconnects. To avoid this serious 
complication, use Luer-Lok connections, always check the arte-
rial waveform, and activate alarms. If the pressure in the line 
falls (e.g., when the line is disconnected), the low-pressure 
alarm sounds immediately, allowing you to promptly correct 
the problem.

Infection is a risk with any invasive line. To limit the risk of 
catheter-related infection, inspect the insertion site for local 
signs of inflammation and monitor the patient for signs of sys-
temic infection. Change the pressure tubing, flush bag, and 
transducer every 96 hours or according to agency policy. If 
infection is suspected, remove the catheter and replace the 
equipment.

FIG. 66-7	 FloTrac	 sensor	 and	 Vigileo	 monitor.	 (Courtesy	 Edwards	 Life-
sciences,	Irvine,	Calif.)
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eter is number 7.5F, 43 in (110 cm) long, with multiple lumens 
(Fig. 66-8). When properly positioned, the distal lumen port 
(catheter tip) is within the PA. This port is used to monitor PA 
pressures and sample mixed venous blood (e.g., to evaluate O2 
saturation).

A balloon connected to an external valve surrounds the 
distal lumen port. Balloon inflation has two purposes: (1) to 
allow moving blood to float the catheter forward and (2) to 
allow PAWP measurement. The catheter has one or two proxi-
mal lumens, with exit ports in the right atrium or right atrium 
and right ventricle (if two). The right atrium port is used for 

FIG. 66-8	 Pulmonary	artery	(PA)	catheter.	A,	 Illustrated	catheter	has	five	lumens.	When	properly	positioned,	the	
distal	lumen	exit	port	is	in	the	PA	and	the	proximal	lumen	ports	are	in	the	right	atrium	and	right	ventricle.	The	distal	
and	one	of	the	proximal	ports	are	used	to	measure	PA	and	central	venous	pressures,	respectively.	A	balloon	sur-
rounds	the	catheter	near	the	distal	end.	The	balloon	inflation	valve	 is	used	to	 inflate	the	balloon	with	air	to	allow	
reading	of	the	pulmonary	artery	wedge	pressure.	A	thermistor	 located	near	the	distal	tip	senses	PA	temperature	
and	is	used	to	measure	thermodilution	cardiac	output	when	solution	cooler	than	body	temperature	is	injected	into	
a	 proximal	 port.	 B,	 Photo	 of	 an	 actual	 catheter.	 (B,	 Courtesy	 Edwards	 Critical	 Care	 Division,	 Baxter	 Healthcare	
Corporation,	Santa	Ana,	Calif.)
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TABLE 66-3 INDICATIONS AND 
CONTRAINDICATIONS FOR 
PULMONARY ARTERY 
CATHETERIZATION*

Indications
•	 Assessment	of	response	to	therapy	in	patients	with	precapillary	

and	mixed	types	of	pulmonary	hypertension
•	 Cardiogenic	shock
•	 Differential	diagnosis	of	pulmonary	hypertension
•	 Myocardial	infarction	with	complications	(e.g.,	heart	failure,	

cardiogenic	shock)
•	 Potentially	reversible	systolic	heart	failure	(e.g.,	fulminant	

myocarditis)
•	 Severe	chronic	heart	failure	requiring	inotropic,	vasopressor,	and	

vasodilator	therapy
•	 Transplantation	work-up

Contraindications
•	 Coagulopathy
•	 Endocardial	pacemaker
•	 Endocarditis
•	 Mechanical	tricuspid	or	pulmonic	valve

*List	is	not	all-inclusive.

respiratory rate and a fixed tidal volume of 8 mL/kg. Also, the 
APCO monitor may not be able to filter certain dysrhythmias—
specifically atrial fibrillation—limiting the use of SVV in these 
patients. These limitations only apply to SVV, not to the use of 
APCO for CO monitoring.

Measurements.  Arterial pressure is the force generated by 
the ejection of blood from the left ventricle into the arterial 
circulation. Pulsatile pressure waves are produced by the heart’s 
contractions (systole). The specialized sensor measures the arte-
rial pulse pressure, which is proportional to SV. APCO monitor-
ing uses the arterial waveform characteristics along with patient 
demographic data (i.e., gender, age, height, and weight) to  
calculate SV and pulse rate (PR) to calculate CCO/CCI and  
SV/SVI every 20 seconds. CO is calculated by multiplying the 
PR and calculated SV and is displayed on a continuous basis.20 
APCO monitoring is frequently used in conjunction with a 
central venous oximetry catheter. Together, these allow for con-
tinuous monitoring of central venous oxygen saturation (ScvO2) 
and SVR that is derived from the CVP.

APCO is only indicated in adult patients and cannot be used 
in patients who are on IABP therapy.20

Pulmonary Artery Flow-Directed Catheter. Pulmonary ar-
tery (PA) pressure monitoring guides the acute-phase manage-
ment of patients with select complicated heart and lung problems 
(Table 66-3). PA diastolic (PAD) pressure and PAWP are sensi-
tive indicators of cardiac function and fluid volume status. PAD 
pressure and PAWP increase in heart failure and fluid volume 
overload. They decrease with volume depletion. Fluid therapy 
based on PA pressures can restore fluid balance while avoiding 
overcorrection or undercorrection of the problem. Monitoring 
PA pressures permits precise therapeutic manipulation of pre-
load. This allows CO to be maintained without placing the  
patient at risk for pulmonary edema.

A PA flow-directed catheter (e.g., Swan-Ganz) is used to 
measure PA pressures, including PAWP. The standard PA cath-
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a sheath percutaneously into the internal jugular, subclavian, 
antecubital, or femoral vein using surgical asepsis. Venous cut-
down is rarely required. The catheter is advanced through the 
venous system to the right side of the heart.

Continuously observe the characteristic waveforms on the 
monitor as the catheter is moved through the heart to the PA 
(Fig. 66-9). When the tip reaches the right atrium, the balloon 
is inflated. Inflation of the balloon should not exceed the bal-
loon’s capacity (1.5 mL of air). The catheter is then “floated” 
through the tricuspid valve into the right ventricle and then 
through the pulmonic valve to the PA. Monitor the ECG con-
tinuously during insertion because of the risk for dysrhythmias, 
particularly when the catheter reaches the right ventricle. Once 
a typical PAWP tracing is observed, the balloon is deflated, and 
the PA waveform should return on the monitor. After insertion 
and before using the PA catheter, a chest x-ray must confirm 
the catheter’s position. To maintain the catheter in its proper 
position, secure it at the point of entry into the skin. Note and 
record the measurement at the exit point. Finally, apply an 
occlusive dressing, and then change it according to agency 
policy.

Recently, the use of PA pressure monitoring has decreased 
dramatically. This is due, in part, to risks associated with the 
technology (e.g., infection) and the development of less invasive 
techniques (e.g., APCO monitoring). More detailed informa-
tion about PA pressure monitoring is available as an eSupple-
ment on the website for this chapter.

Central Venous or Right Atrial Pressure Measurement. CVP 
is a measurement of right ventricular preload and reflects fluid 
volume problems. It is most often measured with a central 
venous catheter placed in the internal jugular or subclavian 
vein. It can be measured with a PA catheter using the proximal 
lumen located in the right atrium. CVP waveforms (Fig. 66-10) 
are similar to PAWP waveforms. CVP is measured as a mean 
pressure at the end of expiration. An elevated CVP indicates 

measurement of CVP, injection of fluid for CO determination, 
and withdrawal of blood specimens. The second proximal port 
(if available) is used for infusion of fluids and drugs or blood 
sampling. A thermistor (temperature sensor) is located near the 
distal tip and is wired to an external connector. This is used to 
monitor blood or core temperature and for the thermodilution 
method of measuring CO.21

In addition to providing most of the same functions as the 
standard PA catheter, the advanced technology PA catheter can 
continuously monitor the patient’s SvO2. This provides a global 
indicator of the balance between oxygen delivery and oxygen 
consumption. CCO and right ventricular EF (RVEF) also can 
be measured using advanced thermodilution technology. RVEF 
provides information regarding RV function and helps to assess 
right heart contractility. RV end-diastolic volume is continu-
ously measured by dividing SV by RVEF (see Table 66-1). This 
serves as a key indicator of preload.

The PA catheter sheath (introducer) usually has a side port 
that serves as a large-bore IV line. Most catheters have a plastic 
“sleeve” connected to the sheath. This allows the catheter to be 
advanced or pulled back while maintaining sterility. The physi-
cian or other qualified health care provider (e.g., ACNP) usually 
manipulates the PA catheter, but this practice varies by agency.

Pulmonary  Artery  Catheter  Insertion.  Before PA catheter in-
sertion, note the patient’s electrolyte, acid-base, oxygenation, 
and coagulation status. Imbalances such as hypokalemia, hypo-
magnesemia, hypoxemia, or acidosis can make the heart more 
irritable and increase the risk of ventricular dysrhythmia during 
catheter insertion. Coagulopathy increases the risk of hemor-
rhage. Preparation for the procedure includes arranging the 
monitor, cables, and infusion and pressurized flush solutions. 
The system is zero referenced to the phlebostatic axis. The phy-
sician or other health care provider explains the procedure to 
the patient and obtains informed consent. The patient is posi-
tioned supine and flat. The PA catheter is inserted through  

FIG. 66-9	 Position	of	the	pulmonary	artery	flow-directed	catheter	during	progressive	stages	of	insertion	with	cor-
responding	pressure	waveforms.	
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FIG. 66-10	 Cardiac	events	that	produce	the	central	venous	pressure	(CVP)	
waveform	with	a, c,	and	v	waves.	The	a	wave	represents	atrial	contraction.	
The	 x	 descent	 represents	 atrial	 relaxation.	 The	 c	 wave	 represents	 the	
bulging	of	the	closed	tricuspid	valve	into	the	right	atrium	during	ventricular	
systole.	 The	 v	 wave	 represents	 atrial	 filling.	 The	 y	 descent	 represents	
opening	of	the	tricuspid	valve	and	filling	of	the	ventricle.	
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TABLE 66-4 INTERPRETATION OF ScvO2/SvO2* MEASUREMENTS

ScvO2/SvO2 
Measurement

Physiologic Basis for 
Change in ScvO2/SvO2 Clinical Diagnosis and Rationale

High	ScvO2/SvO2	
(80%-95%)

Increased	O2	supply
Decreased	O2	demand

•	 Patient	receiving	more	O2	than	required	by	clinical	condition
•	 Anesthesia,	which	causes	sedation	and	decreased	muscle	movement
•	 Hypothermia,	which	lowers	metabolic	demand	(e.g.,	with	cardiopulmonary	bypass)
•	 Sepsis	caused	by	decreased	ability	of	tissues	to	use	O2	at	the	cellular	level
•	 False	high	positive	because	pulmonary	artery	catheter	is	wedged	in	a	pulmonary	capillary	

(SvO2	only)
Normal ScvO2/SvO2	

(60%-80%)
Normal	O2	supply	and	metabolic	

demand
•	 Balanced	O2	supply	and	demand

Low ScvO2/SvO2	
(<60%)

Decreased	O2	supply	caused	by
•	 Low	hemoglobin
•	 Low	arterial	saturation	(SaO2)
•	 Low	cardiac	output
•	 Increased	O2	demand

•	 Anemia	or	bleeding	with	compromised	cardiopulmonary	system
•	 Hypoxemia	resulting	from	decreased	O2	supply	or	lung	disease
•	 Cardiogenic	shock	caused	by	left	ventricular	pump	failure
•	 Metabolic	demand	exceeds	O2	supply	in	conditions	that	increase	muscle	movement	and	

metabolic	rate,	including	physiologic	states	such	as	shivering,	seizures,	and	hyperthermia	
and	nursing	interventions	such	as	being	weighed	on	a	bedside	scale	and	turning

Source:	Urden	LD,	Lough	ME,	Stacy	KM:	Critical care nursing: diagnosis and management,	ed	6,	St	Louis,	2010,	Mosby.
*ScvO2	values	are	generally	slightly	higher	than	SvO2	values.

right ventricular failure or volume overload. A low CVP indi-
cates hypovolemia.

Venous Oxygen Saturation Monitoring. Both CVP and PA 
catheters can include sensors to measure O2 saturation of hemo-
globin in venous blood. The O2 saturation of venous blood from 
the CVP catheter is termed central venous oxygen saturation 
(ScvO2). Similarly, the O2 saturation of blood from the PA cath-
eter is termed mixed venous oxygen saturation (SvO2). Either 
measurement is useful in determining the adequacy of tissue 
oxygenation. ScvO2/SvO2 reflects the balance between oxygen-
ation of the arterial blood, tissue perfusion, and tissue O2 con-
sumption. ScvO2/SvO2 is useful in assessing hemodynamic 
status and response to treatments or activities when considered 
in conjunction with arterial O2 saturation (Table 66-4). Normal 
ScvO2/SvO2 at rest is 60% to 80%.

Carefully review sustained decreases and increases in ScvO2/
SvO2. Decreased ScvO2/SvO2 may indicate decreased arterial 
oxygenation, low CO, low hemoglobin level, or increased O2 

consumption or extraction. If the ScvO2/SvO2 falls below 60%, 
determine which of these factors has changed. Observe for 
changes in arterial oxygenation (e.g., monitor pulse oximetry or 
ABGs) and indirectly assess CO and tissue perfusion. This is 
done by noting any changes in mental status, strength and qual-
ity of peripheral pulses, capillary refill, urine output, and skin 
color and temperature. If arterial oxygenation, CO, and hemo-
globin level are unchanged, a fall in ScvO2/SvO2 indicates 
increased O2 consumption or extraction. This could represent 
an increased metabolic rate, pain, movement, or fever. If  
O2 consumption increases without a comparable increase in O2 
delivery, more O2 is extracted from the blood, and ScvO2/SvO2 
will continue to fall.22

Increased ScvO2/SvO2 is also clinically significant and may 
indicate a clinical improvement (e.g., increased arterial O2 
saturation, improved perfusion, decreased metabolic rate) or 
problem (e.g., sepsis). In sepsis, O2 is not extracted properly at 
the tissue level, resulting in increased ScvO2/SvO2.

Your interventions are guided by changes in ScvO2/SvO2. For 
example, you might note that the patient’s heart rate increased 
moderately during repositioning but that the ScvO2/SvO2 
remained stable. In this case, you would conclude that the 
patient tolerated the position change. If the ScvO2/SvO2 had 
dropped, this would be an indication to stop the activity until 
the ScvO2/SvO2 returns to baseline.

In many cases, as activity or metabolism increases, heart rate 
and CO increase, and ScvO2/SvO2 remains constant or varies 
slightly. However, critically ill patients often have conditions 
(e.g., heart failure, shock) that prevent substantial increases in 
CO. In these cases, ScvO2/SvO2 can be a useful indicator of the 
balance between O2 delivery and consumption.

Noninvasive Arterial Oxygenation Monitoring
Pulse oximetry is a noninvasive and continuous method of 
determining the oxygen saturation of hemoglobin (SpO2). Mon-
itoring SpO2 may reduce the frequency of ABG sampling (see 
Chapter 26). SpO2 is normally 95% to 100%. Accurate SpO2 
measurements may be difficult to obtain on patients who are 
hypothermic, receiving IV vasopressor therapy (e.g., norepi-
nephrine), or experiencing hypoperfusion and vasoconstriction 
(e.g., shock). Consider alternative locations for placement of the 
pulse oximetry probe (e.g., forehead, earlobe).
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Always correlate observational data with data obtained from 
biotechnology (e.g., ECG, arterial and PA pressures, ScvO2/
SvO2). Single hemodynamic values are rarely helpful. You must 
monitor trends in these values and evaluate the whole clinical 
picture with the goals of recognizing early clues and intervening 
before problems escalate.

CIRCULATORY ASSIST DEVICES

Mechanical circulatory assist devices (CADs), such as the 
intraaortic balloon pump (IABP) and left or right ventricular 
assist device (VAD), are used to decrease cardiac work and 
improve organ perfusion in patients with heart failure when 
conventional drug therapy is no longer adequate. The type of 
device used depends on the extent and nature of the heart 
problem. CADs provide interim support in three types of situ-
ations: (1) the left, right, or both ventricles require support while 
recovering from acute injury (e.g., postcardiotomy); (2) the 
patient must be stabilized before surgical repair of the heart 
(e.g., a ruptured septum); and (3) the heart has failed, and the 
patient is awaiting cardiac transplantation. All CADs decrease 
cardiac workload, increase myocardial perfusion, and augment 
circulation. The most commonly used CAD is the IABP.

Intraaortic Balloon Pump
The intraaortic balloon pump (IABP) provides temporary cir-
culatory assistance to the sick heart by reducing afterload (via 
reduction in systolic pressure) and augmenting the aortic dia-
stolic pressure, resulting in improved coronary blood flow. 
Table 66-5 lists the indications for an IABP.

The IABP consists of a sausage-shaped balloon, a pump that 
inflates and deflates the balloon, a control panel for synchroniz-
ing the balloon inflation to the cardiac cycle, and fail-safe fea-

A common use for pulse oximetry is to evaluate the effective-
ness of O2 therapy. Decreased SpO2 indicates inadequate oxy-
genation of the blood in the pulmonary capillaries. You can 
correct this by increasing the fraction of inspired oxygen (FIO2) 
and evaluating the patient’s response. Similarly, use SpO2 to 
monitor how the patient tolerates decreases in FIO2 and 
responds to interventions. For example, if SpO2 falls when you 
position the patient in a left lateral recumbent position, plan 
position changes that pose less risk for the patient.

Noninvasive Hemodynamic Monitoring:  
Impedance Cardiography
Impedance cardiography (ICG) is a continuous or intermittent, 
noninvasive method of obtaining CO and assessing thoracic 
fluid status. Based on the concepts of impedance (the resistance 
to the flow of electric current [Ω]), ICG uses four sets of 
external electrodes to deliver a high-frequency, low-amplitude 
current that is similar to that used in apnea monitors. Blood is 
an excellent conductor of electricity (lower impedance), and 
pulsatile blood flow generates electrical impedance changes. 
ICG measures the change in impedance (dΩ) in the ascending 
aorta and left ventricle over time (dt) and is represented as  
dΩ/dt. Ωo is the measurement of the average impedance of the 
fluid in the thorax. Impedance-based hemodynamic parameters 
(CO, SV, and SVR) are calculated from Ωo, dΩ/dt, mean arterial 
pressure (MAP), CVP, and the ECG.

Major indications for ICG include early signs and symp-
toms of pulmonary or cardiac dysfunction, differentiation of 
cardiac or pulmonary cause of shortness of breath, evaluation 
of etiology and management of hypotension, monitoring after 
discontinuing a PA catheter or justification for insertion of  
a PA catheter, evaluation of drug therapy, and diagnosis of 
rejection after cardiac transplantation. ICG is not recom-
mended in patients who have generalized edema or third 
spacing because the excess volume interferes with accurate 
signals.

NURSING MANAGEMENT 
HEMODYNAMIC MONITORING

Assessment of hemodynamic status requires integrating data 
from many sources and trending these data over time. Thor-
ough, basic nursing observations provide important clues about 
the patient’s hemodynamic status. Begin by obtaining baseline 
data regarding the patient’s general appearance, level of con-
sciousness, skin color and temperature, vital signs, peripheral 
pulses, capillary refill, and urine output. Does the patient appear 
tired, weak, exhausted? There may be too little cardiac reserve 
to sustain even minimum activity. Pallor, cool skin, and dimin-
ished pulses may indicate decreased CO. Changes in mental 
status may reflect problems with cerebral perfusion or oxygen-
ation. Monitor urine output to determine the adequacy of per-
fusion to the kidneys. The patient with diminished perfusion to 
the GI tract may develop hypoactive or absent bowel sounds. If 
the patient is bleeding and developing shock, BP might initially 
be relatively stable, yet the patient may become increasingly  
pale and cool from peripheral vasoconstriction. Conversely,  
the patient experiencing septic shock may remain warm and 
pink yet develop tachycardia and BP instability. Elevated  
heart rates are common in stressed, compromised, critically ill 
patients. However, sustained tachycardia increases myocardial 
O2 demand and can result in decreased CO.

TABLE 66-5 INDICATIONS AND 
CONTRAINDICATIONS FOR 
IABP THERAPY*

Indications
•	 Refractory	unstable	angina	(when	drugs	have	failed)
•	 Short-term	bridge	to	heart	transplantation
•	 Acute	myocardial	infarction	with	any	of	the	following:†

•	 Ventricular	aneurysm	accompanied	by	ventricular	dysrhythmias
•	 Acute	ventricular	septal	defect
•	 Acute	mitral	valve	dysfunction
•	 Cardiogenic	shock
•	 Refractory	chest	pain	with	or	without	ventricular	dysrhythmias

•	 Preoperative,	intraoperative,	and	postoperative	cardiac	surgery	
(e.g.,	prophylaxis	before	surgery,	failure	to	wean	from	
cardiopulmonary	bypass,	left	ventricular	failure	after	
cardiopulmonary	bypass)

•	 High-risk	interventional	cardiology	procedures

Contraindications
•	 Irreversible	brain	damage
•	 Major	coagulopathy	(e.g.,	disseminated	intravascular	coagulation	

[DIC])
•	 Terminal	or	untreatable	diseases	of	any	major	organ	system
•	 Abdominal	aortic	and	thoracic	aneurysms
•	 Moderate	to	severe	aortic	insufficiency
•	 Generalized	peripheral	vascular	disease	(e.g.,	aortoiliac	disease)‡

*List	is	not	all-inclusive.
†Allows	time	for	emergent	angiography	and	corrective	cardiac	surgery	to	be	performed.
‡May	inhibit	placement	of	balloon	and	is	considered	a	relative	contraindication;	
sheathless	insertion	may	be	used.
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and embolus formation add to the risk of circulatory compro-
mise to the extremity. The action of the IABP can also destroy 
platelets and cause thrombocytopenia. Peripheral nerve damage 
can occur, particularly when a cutdown is performed for inser-
tion. Movement of the balloon can block the left subclavian, 
renal, or mesenteric arteries. This can result in a weak or absent 
radial pulse, decreased urine output, and reduced or absent 
bowel sounds. Patients receiving IABP therapy are prone to 
infection. Local or systemic signs of infection require catheter 
removal.23 To reduce these complications, perform cardiovas-

FIG. 66-11	 Intraaortic	balloon	pump	machine.	 (Courtesy	Datascope	Corp,	
Fairfield,	NJ.)

FIG. 66-12	 Intraaortic	 balloon	 pump.	 A,	 During	 systole	 the	 balloon	 is	
deflated,	which	 facilitates	ejection	of	blood	 into	 the	periphery.	B,	 In	early	
diastole,	the	balloon	begins	to	inflate.	C,	In	late	diastole,	the	balloon	is	totally	
inflated,	 which	 augments	 aortic	 pressure	 and	 increases	 the	 coronary		
perfusion	pressure	with	the	end	result	of	 increased	coronary	and	cerebral	
blood	flow.	
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TABLE 66-6 HEMODYNAMIC EFFECTS OF 
COUNTERPULSATION

Effects of Inflation During Diastole
•	 Increased	diastolic	pressure	(may	exceed	systolic	pressure)
•	 Increased	pressure	in	the	aortic	root	during	diastole
•	 Increased	coronary	artery	perfusion	pressure
•	 Improved	O2	delivery	to	the	myocardium

•	 Decreased	angina
•	 Decreased	electrocardiographic	evidence	of	ischemia
•	 Decreased	ventricular	ectopy

Effects of Deflation During Systole
•	 Decreased	afterload
•	 Decreased	peak	systolic	pressure
•	 Decreased	myocardial	O2	consumption
•	 Increased	stroke	volume,	possibly	associated	with

•	 Improved	mentation
•	 Warm	skin
•	 Increased	urine	output
•	 Decreased	heart	rate

•	 Increased	forward	flow	of	blood,	decreasing	preload
•	 Decreased	PA	pressures,	including	PAWP
•	 Decreased	crackles

PA,	Pulmonary	artery;	PAWP,	PA	wedge	pressure.

tures (Fig. 66-11). The balloon is inserted percutaneously or 
surgically into the femoral artery. It is moved toward the heart 
and placed in the descending thoracic aorta just below the left 
subclavian artery and above the renal arteries (Fig. 66-12). After 
placement, an x-ray confirms the position. A pneumatic device 
fills the balloon with helium at the start of diastole (immediately 
after aortic valve closure) and deflates it just before the next 
systole. The ECG is the trigger used to start the deflation on the 
upstroke of the R wave (of the QRS) and inflation on the T wave. 
The dicrotic notch of the arterial pressure tracing is used to 
refine timing (see eFig. 66-4 on the website for this chapter). 
IABP therapy is known as counterpulsation because the timing 
of balloon inflation is opposite to ventricular contraction. The 
IABP assist ratio is 1:1 in the acute phase of treatment, meaning 
that one IABP cycle of inflation and deflation occurs for every 
heartbeat.

Effects of Counterpulsation. In late diastole when the bal-
loon is totally inflated, blood is forcibly displaced distal to the 
extremities and proximal to the coronary arteries and main 
branches of the aortic arch. Diastolic arterial pressure rises (dia-
stolic augmentation), increasing coronary artery perfusion 
pressure and perfusion of vital organs. The rise in coronary 
artery perfusion pressure causes an increase in blood flow to 
the myocardium. The balloon is rapidly deflated just before 
systole. This creates a vacuum that causes aortic pressure to 
drop. When aortic resistance to left ventricular ejection is 
reduced (reduced afterload), the left ventricle empties more 
easily and completely. As with other types of afterload reduc-
tion, the SV increases, yet the myocardial O2 consumption 
decreases. Table 66-6 summarizes the hemodynamic effects of 
IABP therapy.

Complications With IABP Therapy. Vascular injuries such 
as dislodgment of plaque, aortic dissection, and compromised 
distal circulation are common with IABP therapy. Thrombus 
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cular, neurovascular, and hemodynamic assessments every 15 
to 60 minutes, depending on the patient’s status (Table 66-7).

Mechanical complications from IABP are rare but can occur. 
Improper timing of balloon inflation may cause increased after-
load, decreased CO, myocardial ischemia, and increased myo-
cardial O2 demand. These complications must be recognized 
immediately. If the balloon develops a leak, the pump will auto-
matically stop. The catheter is promptly removed to avoid an 
embolus. Signs of a leak include less effective augmentation, 
repeated alarms for gas loss, and blood backing up into the 
catheter. A malfunction of the balloon or console triggers fail-
safe alarms and automatically shuts down the unit.

The patient with an IABP is relatively immobile, limited to 
side-lying or supine positions with the HOB elevated less than 
45 degrees. The patient may be receiving ventilatory support 
and will likely have multiple invasive lines that increase the 

TABLE 66-7 MANAGING COMPLICATIONS 
OF IABP THERAPY

Potential 
Complications Nursing Interventions
Site	infection	from	

invasive	lines
•	 Use	strict	aseptic	technique	for	insertion	

and	dressing	changes	for	all	lines.
•	 Cover	all	insertion	sites	with	occlusive	

dressings.
•	 Administer	prescribed	prophylactic	

antibiotic	for	entire	course	of	therapy.

Pneumonia	
associated	with	
immobilization

•	 Reposition	patient	q2hr,	being	careful	not	
to	displace	balloon.

•	 If	patient	requires	chest	physiotherapy,	
avoid	introducing	ECG	artifact.

Arterial	trauma	
caused	by	
insertion	or	
displacement	of	
balloon

•	 Evaluate	and	mark	peripheral	pulses	before	
insertion	of	balloon	to	use	as	baseline	for	
assessing	pulses	after	insertion.

•	 After	insertion	of	balloon,	evaluate	
perfusion	to	both	upper	and	lower	
extremities	at	least	every	hour.

•	 Measure	urine	output	at	least	every	hour	
(occlusion	of	renal	arteries	causes	severe	
decrease	in	urine	output).

•	 Observe	arterial	waveforms	for	sudden	
changes.

•	 Keep	head	of	bed	no	higher	than	45	
degrees.

•	 Do	not	flex	cannulated	leg	at	the	hip.
•	 Immobilize	cannulated	leg	to	prevent	

flexion	using	a	draw	sheet	tucked	under	
the	mattress,	soft	ankle	restraint,	or	knee	
immobilizer.

Thromboembolism	
caused	by	trauma,	
balloon	obstruction	
of	blood	flow	
distal	to	catheter

•	 Administer	prophylactic	heparin	if	ordered.
•	 Evaluate	pulses,	urine	output,	and	level	of	

consciousness	at	least	every	hour.
•	 Check	circulation,	sensation,	and	

movement	in	both	legs	at	least	every	hour.

Hematologic	
complications	
caused	by	platelet	
aggregation	along	
the	balloon	(e.g.,	
thrombocytopenia)

•	 Monitor	coagulation	profiles,	hematocrit,	
and	platelet	count.

Hemorrhage	from	
insertion	site

•	 Check	site	for	bleeding	at	least	every	hour.
•	 Monitor	vital	signs	for	signs	of	

hypovolemia	with	each	check.

Balloon	leak	or	
rupture

•	 Prepare	for	emergent	removal	and	possible	
reinsertion.

challenge of comfortable positioning. The patient may experi-
ence sleeplessness and anxiety. Adequate sedation, pain relief, 
skin care, and comfort measures are essential.

As the patient improves, circulatory support provided by the 
IABP is gradually reduced. Weaning involves reducing the IABP 
assist ratio from 1:1 to 1:2 and assessing the patient’s response 
(see eFig. 66-4 on the website for this chapter). If hemodynamic 
parameters remain stable, the ratio can be changed from 1:2 to 
1:3 until the IABP catheter is removed. Pumping is continued 
until the line is removed even if the patient is stable. This 
reduces the risk of thrombus formation around the catheter.

Ventricular Assist Devices
The ventricular assist device (VAD) provides short- and long-
term support for the failing heart and allows more mobility than 
the IABP. VADs are inserted into the path of flowing blood to 
augment or replace the action of the ventricle. Some VADs are 
implanted internally (e.g., peritoneum), and others are posi-
tioned externally. A typical VAD shunts blood from the left 
atrium or ventricle to the device and then to the aorta. Some 
VADs provide right or biventricular support (Fig. 66-13).

Failure to wean from cardiopulmonary bypass (CPB) after 
surgery is a primary indicator for VAD support. VADs are also 
used to support patients with ventricular failure caused by myo-
cardial infarction and patients awaiting heart transplantation. 
A VAD is a temporary device that can partially or totally support 
circulation until the heart recovers or a donor heart is obtained. 
Cannula sites depend on the type of device used. For support 
of the right side of the heart, the right atrium and PA are can-
nulated. The left ventricular apex can be cannulated for left 
VADs. Direct cannulation of the atria and great vessels occurs 
in the operating room through a sternotomy.

Appropriate patient selection for VAD therapy is critical. 
Indications include (1) failure to wean from CPB or postcardi-
otomy cardiogenic shock, (2) a bridge to recovery or heart 
transplantation, and (3) patients with New York Heart Associa-
tion Class IV heart disease (see Table 35-5) who have failed 

FIG. 66-13	 Schematic	diagram	of	a	biventricular	assist	device	(BVAD).	
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(e.g., battery chargers). A competent caregiver must be present 
at all times.

Ideally, patients with CADs will recover through ventricular 
improvement, heart transplantation, or artificial heart implan-
tation. However, many patients die, or the decision to terminate 
the device is made and death follows. Both the patient and 
caregiver require emotional support. Consult other members  
of the health care team, such as social workers or clergy, as 
appropriate.

ARTIFICIAL AIRWAYS

Patients in the ICU often need mechanical assistance to main-
tain airway patency. Inserting a tube into the trachea, bypassing 
upper airway and laryngeal structures, creates an artificial 
airway. The tube is placed into the trachea via the mouth or nose 
past the larynx (endotracheal [ET] intubation) or through 
a stoma in the neck (tracheostomy). ET intubation is more 
common in ICU patients than a tracheostomy. It is performed 
quickly and safely at the bedside. Indications for ET intubation 
include (1) upper airway obstruction (e.g., secondary to burns, 
tumor, bleeding), (2) apnea, (3) high risk of aspiration, (4) inef-
fective clearance of secretions, and (5) respiratory distress. Fig. 
66-14 shows the parts of an ET tube.

A tracheotomy is a surgical procedure that is performed 
when the need for an artificial airway is expected to be long 
term. There is ongoing debate regarding the timing of a trache-
otomy in the patient requiring an ET tube. Research suggests 
that early tracheotomy (2 to 10 days) may have advantages over 
delayed tracheotomy, particularly when mechanical ventilation 
is predicted to be needed for longer than 10 to 14 days.26 The 
situation varies with the patient, physician, and institution. 
Chapter 27 discusses tracheostomy tubes and related nursing 
management.

Endotracheal Tubes
In oral intubation the ET tube is passed through the mouth and 
vocal cords and into the trachea with the aid of a laryngoscope 
or a bronchoscope. In nasal ET intubation the ET is placed 
blindly (i.e., without seeing the larynx) through the nose, naso-
pharynx, and vocal cords. Oral ET intubation is preferred for 

medical therapy. Relative contraindications for VAD therapy 
include (1) BSA less than manufacturer’s limit (e.g., 1.3 m2), 
(2) renal or liver failure unrelated to a cardiac event, and  
(3) co-morbidities that would limit life expectancy to less than 
3 years.24

Implantable Artificial Heart
Every year about 2200 patients receive cardiac transplants, yet 
the demand for heart transplants far exceeds the supply. 
Research on mechanical CADs has led to the development of a 
fully implantable artificial heart that can sustain the body’s cir-
culatory system. This device is used to replace the hearts of 
patients who are not eligible for a transplant and have no other 
treatment alternative. One major advantage of the artificial 
heart compared with heart transplantation is decreased costs for 
implantation and drug therapies. Patients do not require immu-
nosuppression therapy and thus do not experience its inevita-
ble, long-term effects. However, patients do require lifelong 
anticoagulation.25

NURSING MANAGEMENT 
CIRCULATORY ASSIST DEVICES

The patient with an IABP requires highly skilled nursing care. 
Perform frequent and thorough cardiovascular assessments. 
These include measurement of hemodynamic parameters (e.g., 
arterial BP, CO/CI, SVR), auscultation of the heart and lungs, 
and evaluation of the ECG (e.g., rate, rhythm). Assess for ade-
quate tissue perfusion (e.g., skin color and temperature, mental 
status, capillary refill, peripheral pulses, urine output, bowel 
sounds) at regular intervals. It is expected that IABP therapy 
will improve these findings.

Nursing care of the patient with a VAD is similar to that of 
the patient with an IABP. Observe the patient for bleeding, 
cardiac tamponade, ventricular failure, infection, dysrhythmias, 
renal failure, hemolysis, and thromboembolism. Unlike the 
patient with an IABP, who must remain in bed with limited 
position change, the patient with VAD may be mobile and 
require an activity plan. In some cases, patients with VADs may 
go home. Preparation for discharge is complex and requires 
in-depth teaching about the device and support equipment 

FIG. 66-14	 Endotracheal	 tube.	A,	Parts	of	an	endotracheal	 tube.	B,	Tube	 in	place	with	cuff	deflated.	C,	Tube	 in	
place	with	the	cuff	inflated.	D,	Photo	of	tube	before	placement.	

15-mm connector
to oxygen source

Cuff inflation line

Pilot balloon

Spring-loaded cuff 
inflation valve

Tube cuff

A

Tube

Trachea

Deflated
cuff

B

Tube

Trachea

Inflated
cuff

C

D



SECTION 12 Nursing Care in Critical Care Settings1614

and may kink. Suctioning and secretion removal are more dif-
ficult. Finally, nasal tubes have been linked to an increased 
incidence of sinus infection and ventilator-associated pneumo-
nia (VAP).27

Endotracheal Intubation Procedure
Unless ET intubation is emergent, consent for the procedure is 
obtained. Tell the patient and caregiver the reason for ET intu-
bation, the steps in the procedure, and the patient’s role in the 
procedure (if indicated). Also explain that, while intubated, the 
patient will not be able to speak, but that you will provide other 
means of communication. Tell them that the patient’s hands 
may be briefly restrained for safety purposes.

Have a self-inflating bag-valve-mask (BVM) (e.g., Ambu bag) 
available and attached to O2, suctioning equipment ready at the 
bedside, and IV access. The BVM contains a reservoir that is 
filled with O2 so that concentrations of 90% to 95% are deliv-
ered. The slower the bag is deflated and inflated, the higher the 
O2 concentration that is delivered. Assemble and check the 
equipment to be used, remove the patient’s dentures or partial 
plates (for oral intubation), and administer medications as 
ordered. Premedication varies depending on the patient’s level 
of consciousness (e.g., awake, obtunded) and the nature of the 
procedure (e.g., emergent, nonemergent).

Rapid-sequence intubation (RSI) is the rapid, concurrent 
administration of both a sedative and a paralytic agent during 
emergency airway management to decrease the risks of aspira-
tion and injury to the patient. RSI is not indicated in patients 
who are in cardiac arrest or have a known difficult airway.28 A 
sedative-hypnotic-amnesic (e.g., midazolam [Versed], etomi-
date [Amidate]) is used to induce unconsciousness, along with 
a rapid-onset opioid (e.g., fentanyl) to blunt the pain of the 
procedure. A paralytic drug (e.g., succinylcholine [Anectine]) 
is then given to produce skeletal muscle paralysis. Monitor the 
patient’s oxygenation status during the procedure with pulse 
oximetry.

For oral intubation, place the patient supine with the head 
extended and the neck flexed (“sniffing position”). This position 
permits visualization of the vocal cords. For nasal intubation, 
the nasal passages may be sprayed with a local anesthetic and 
vasoconstrictor (e.g., lidocaine [Xylocaine] with epinephrine) 
to reduce trauma and bleeding. Before intubation is started, 
preoxygenate the patient using the BVM and 100% O2 for 3 to 
5 minutes. Each intubation attempt is limited to less than 30 
seconds. Ventilate the patient between successive attempts 
using the BVM and 100% O2.

After intubation, inflate the cuff and confirm the placement 
of the ET tube while the patient is manually ventilated using the 
BVM with 100% O2. Use an end-tidal CO2 detector to confirm 
proper placement by noting the presence of exhaled CO2 from 
the lungs. Place the detector between the BVM and the ET tube 
and either observe for a color change (indicating the presence 
of CO2) or a number. If no CO2 is detected, the tube is in the 
esophagus and needs to be reinserted.29 Auscultate the lungs for 
bilateral breath sounds and the epigastrium for the absence of 
air sounds. Observe the chest for symmetric chest wall move-
ment. In addition, SpO2 should be stable or improved.

If the findings support proper ET tube placement, connect 
the tube to an O2 source and secure per agency policy (Fig. 
66-15). Suction the ET tube and pharynx, and insert a bite block 
as needed. Obtain a chest x-ray immediately to confirm tube 
location (2 to 6 cm above the carina in the adult). This position 

EVIDENCE-BASED PRACTICE
Translating Research Into Practice

Does Timing of Tracheotomy Affect Critically Ill  
Patient Outcomes?
Clinical Question
In	critically	ill	patients	(P)	what	is	the	effect	of	an	early	tracheotomy	(I)	
vs.	 late	 tracheotomy	 (C)	 on	 short-term	 mortality	 and	 incidence	 of	
ventilator-assisted	pneumonia	(O)?

Best Available Evidence
Systematic	review	of	randomized	controlled	trials	(RCTs)

Critical Appraisal and Synthesis of Evidence
•	 Seven	 RCTs	 (n	 =	 1044)	 of	 critically	 ill	 adult	 patients	 requiring	 pro-

longed	mechanical	ventilation.	Early	tracheotomy	was	compared	with	
either	late	tracheotomy	or	prolonged	endotracheal	intubation.

•	 Primary	outcomes	were	short-term	mortality	and	ventilator-assisted	
pneumonia	(VAP).

•	 Secondary	outcomes	were	long-term	mortality,	duration	of	ventilation	
and	sedation,	length	of	ICU	and	hospital	stay,	and	complications.

•	 Early	 tracheotomy	 did	 not	 significantly	 reduce	 short–term	 or	 long-
term	mortality	or	 rate	of	VAP.	Tracheotomy	timing	was	not	 related	
to	reductions	in	duration	of	mechanical	ventilation	or	sedation,	shorter	
stays	in	ICU	or	hospital,	or	more	complications.

Conclusion
•	 Clinically	 significant	 outcomes	 are	 not	 affected	 by	 timing	 of	 a	

tracheotomy.

Implications for Nursing Practice
•	 The	optimal	 tracheotomy	 timing	 (early	vs.	 late)	 for	patients	on	pro-

longed	mechanical	ventilation	is	not	really	known.
•	 Continue	to	consider	benefits	of	tracheotomy	(e.g.,	increased	patient	

comfort,	improved	oral	hygiene)	compared	to	the	risks	and	complica-
tions	 (e.g.,	 bleeding,	 wound	 infection,	 tracheal	 stenosis).	 The	 risk/
benefit	of	tracheotomy	needs	to	be	weighed	against	the	risk/benefit	
of	prolonged	endotracheal	intubation.

Reference for Evidence
Wang	 F,	 Wu	 Y,	 Bo	 L,	 et	 al:	 The	 timing	 of	 tracheotomy	 in	 critically	 ill	

patients	undergoing	mechanical	ventilation:	a	systematic	review	and	
meta-analysis	of	randomized	controlled	trials,	Chest	140:1456,	2011.

P,	Patient	population	of	interest;	I,	intervention	or	area	of	interest;	C,	comparison	of	
interest	or	comparison	group;	O,	outcomes	of	interest	(see	p.	12).

most emergencies because the airway can be secured rapidly 
and a larger-diameter tube is used. A larger-bore ET tube re-
duces the work of breathing (WOB) because of less airway resis-
tance. It is easier to remove secretions and perform fiberoptic 
bronchoscopy if needed. Nasal ET intubation is rarely used but 
may be needed when head and neck movement is risky.

There are risks associated with oral ET intubation. It is dif-
ficult to place an oral tube if head and neck mobility is limited 
(e.g., suspected spinal cord injury). Teeth can be chipped  
or accidentally removed during the procedure. Salivation is 
increased and swallowing is difficult. Patients can obstruct the 
ET tube by biting down on it. Sedation along with a bite block 
or oropharyngeal airway may be used to avoid this. The ET tube 
and bite block (if used) should be secured (separately) to the 
face. Mouth care is a challenge because of limited space in the 
oral cavity. Manage this by using smaller or pediatric-sized oral 
products for tooth brushing, cleaning, and suctioning.

Nasal intubation is contraindicated in patients with facial 
fractures or suspected fractures at the base of the skull and 
postoperatively after cranial surgeries. The WOB is greater 
because the longer, narrower tube offers more airflow resistance 
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Observe for symmetric chest wall movement and auscultate 
to confirm bilateral breath sounds. If the ET tube is not posi-
tioned properly, it is an emergency. Stay with the patient, main-
tain the airway, support ventilation, and call for the appropriate 
help to immediately reposition the tube. It may be necessary to 
ventilate the patient with a BVM and 100% O2. If a dislodged 
tube is not repositioned, minimal or no O2 is delivered to the 
lungs or the entire tidal volume is delivered to one lung. This 
places the patient at risk for pneumothorax.

MAINTAINING PROPER CUFF INFLATION
The cuff is an inflatable, pliable sleeve encircling the outer wall 
of the ET tube (see Fig. 66-14). The high-volume, low-pressure 
cuff stabilizes and “seals” the ET tube within the trachea and 
prevents escape of ventilating gases. However, excess volume in 
the cuff can damage the tracheal mucosa. To avoid this, inflate 
the cuff with air, and measure and monitor the cuff pressure. To 
ensure adequate tracheal perfusion, maintain cuff pressure at 20 
to 25 cm H2O.30 Measure and record cuff pressure after intuba-
tion and on a routine basis (e.g., every 8 hours) using the 
minimal occluding volume (MOV) technique or the minimal leak 
technique (MLT).

The steps in the MOV technique for cuff inflation are as 
follows: (1) for the mechanically ventilated patient, place a 
stethoscope over the trachea and inflate the cuff to MOV by 
adding air until no air leak is heard at peak inspiratory pressure 
(end of ventilator inspiration); (2) for the spontaneously breath-
ing patient, inflate until no sound is heard after a deep breath 
or after inhalation with a BVM; (3) use a manometer to verify 
that cuff pressure is between 20 and 25 cm H2O; and (4) record 
cuff pressure in the chart. If adequate cuff pressure cannot be 
maintained or larger volumes of air are needed to keep the cuff 
inflated, there could be a leak in the cuff or tracheal dilation at 
the cuff site. In these situations, notify the physician to reposi-
tion or change the ET tube.

The procedure for MLT is similar with one exception. 
Remove a small amount of air from the cuff until a slight air 
leak is auscultated at peak inflation. Both techniques aim to 
prevent the risks of tracheal damage from high cuff pressures. 
The use of continuous cuff measurement is being studied.31

MONITORING OXYGENATION AND VENTILATION
Vigilantly monitor the patient with an ET tube for adequate 
oxygenation by assessing clinical findings, ABGs, SpO2, and, if 
available, ScvO2/SvO2. Assess for signs of hypoxemia such as a 
change in mental status (e.g., confusion), anxiety, dusky skin, 
and dysrhythmias. Periodic ABGs (specifically PaO2) and con-
tinuous SpO2 provide objective data regarding oxygenation. 
Lower values are expected in patients with some disease states, 
such as chronic obstructive pulmonary disease (COPD). CVP 
or PA catheters with ScvO2 or SvO2 capability provide an indi-
rect indication of the patient’s tissue oxygenation status (see 
Table 66-4).

Indicators of ventilation include clinical findings, PaCO2, 
and continuous partial pressure of end-tidal CO2 (PETCO2). 
Assess the patient’s respirations for rate, rhythm, and use of 
accessory muscles. The patient who is hyperventilating will be 
breathing rapidly and deeply and may experience circumoral 
and peripheral numbness and tingling. The patient who is 
hypoventilating will be breathing shallowly or slowly and may 
appear dusky. PaCO2 is the best indicator of alveolar hyperven-
tilation (e.g., decreased PaCO2, increased pH indicate respira-

allows the patient to move the neck without moving the tube or 
causing it to enter the right mainstem bronchus. Once proper 
positioning is confirmed with x-ray, record and mark the posi-
tion of the tube at the lip or teeth (usually 21 cm for women 
and 23 cm for men) or nose. Cut excess tubing to reduce dead 
air space.

The ET tube is connected to either humidified air, O2, or a 
mechanical ventilator. Obtain ABGs immediately after intuba-
tion to determine baseline oxygenation and ventilation status. 
ABG values are reviewed and used to guide oxygenation and 
ventilation changes. Continuous pulse oximetry and end-tidal 
CO2 monitoring provide valuable data related to arterial oxy-
genation and ventilation.

NURSING MANAGEMENT 
ARTIFICIAL AIRWAY

Management of a patient with an artificial airway is often a 
shared responsibility between you and the respiratory therapist, 
with specific management tasks determined by agency policy. 
Nursing responsibilities for the patient with an artificial airway 
may include some or all of the following: (1) maintaining 
correct tube placement, (2) maintaining proper cuff inflation, 
(3) monitoring oxygenation and ventilation, (4) maintaining 
tube patency, (5) assessing for complications, (6) providing oral 
care and maintaining skin integrity, and (7) fostering comfort 
and communication. eNursing Care Plan 66-1 for the patient 
on a mechanical ventilator is available on the website for this 
chapter.

MAINTAINING CORRECT TUBE PLACEMENT
Continuously monitor the patient with an ET tube for proper 
placement. If the tube is dislodged, it could end up in the 
pharynx or enter the esophagus or the right mainstem bronchus 
(thus ventilating only the right lung).

SAFETY ALERT: Endotracheal Tube Placement 
•	 Maintain	 proper	 ET	 tube	 position	 by	 placing	 an	 “exit	 mark”	 on	 the	

tube.
•	 Confirm	 that	 the	 mark	 remains	 constant	 while	 at	 rest	 and	 during	

patient	care,	repositioning,	and	transport.

FIG. 66-15	 Closed	tracheal	suction	system.	
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tory alkalosis) or hypoventilation (e.g., increased PaCO2, 
decreased pH indicate respiratory acidosis).

PETCO2 monitoring (capnography) is done by analyzing 
exhaled gas directly at the patient-ventilator circuit (mainstream 
sampling) or by transporting a sample of gas via a small-bore 
tubing to a bedside monitor (sidestream sampling). Continuous 
PETCO2 monitoring can assess the patency of the airway and 
the presence of breathing. In addition, gradual changes in 
PETCO2 values may accompany an increase in CO2 production 
(e.g., sepsis, hypoventilation, neuromuscular blockade) or a 
decrease in CO2 production (e.g., hypothermia, decreased CO, 
metabolic acidosis). In patients with normal ventilation-to-
perfusion ratios (see Chapter 68), PETCO2 can be used as an 
estimate of PaCO2, with PETCO2 generally 1 to 5 mm Hg lower 
than PaCO2. However, in patients with unusually large dead air 
space or serious mismatch between ventilation and perfusion, 
PETCO2 is not a reliable estimate of PaCO2.29

MAINTAINING TUBE PATENCY
Do not routinely suction a patient. Regularly assess the patient 
to determine if suctioning is needed. Indications for suctioning 
include (1) visible secretions in the ET tube, (2) sudden onset 
of respiratory distress, (3) suspected aspiration of secretions,  
(4) increase in peak airway pressures, (5) auscultation of adven-
titious breath sounds over the trachea or bronchi, (6) increase 
in respiratory rate or sustained coughing, and (7) sudden or 
gradual decrease in PaO2 or SpO2.

Table 66-8 describes two recommended suctioning methods, 
the closed-suction technique (CST) and the open-suction tech-
nique (OST). The CST uses a suction catheter that is enclosed 
in a plastic sleeve connected directly to the patient-ventilator 
circuit (see Fig. 66-15). With the CST, oxygenation and ventila-
tion are maintained during suctioning, and exposure to the 
patient’s secretions is reduced. The CST should be used for 
patients who (1) require high levels of positive end-expiratory 
pressure (PEEP) (greater than 10 cm H2O), (2) have high levels 
of FIO2, (3) have bloody or infected pulmonary secretions, 
(4) require frequent suctioning, and (5) experience clinical 
instability with the OST.32

Potential complications associated with suctioning include 
hypoxemia, bronchospasm, increased intracranial pressure, 
dysrhythmias, hypertension, hypotension, mucosal damage, 
pulmonary bleeding, pain, and infection.32 Closely assess the 
patient before, during, and after the suctioning procedure. If the 
patient does not tolerate suctioning (e.g., decreased SpO2, 
increased or decreased BP, sustained coughing, development of 
dysrhythmias), stop the procedure and hyperoxygenate until 
equilibration occurs and before attempting another suction 
pass. Prevent hypoxemia by hyperoxygenating the patient 
before and after each suctioning pass and limiting each pass to 
10 seconds or less (see Table 66-8). Assess both the ECG and 
SpO2 before, during, and after the suctioning procedure.

Causes of dysrhythmias during suctioning include (1) 
hypoxemia resulting in myocardial ischemia; (2) vagal stimula-
tion caused by tracheal irritation; and (3) sympathetic nervous 
system stimulation caused by anxiety, discomfort, or pain.  
Dysrhythmias include tachydysrhythmias and bradydysrhyth-
mias, premature beats, and asystole. Stop suctioning if any new 
dysrhythmias develop. Avoid excessive suctioning in patients 
with severe hypoxemia or bradycardia.

Tracheal mucosal damage may occur because of excessive 
suction pressures (greater than 120 mm Hg), overly vigorous 

TABLE 66-8 SUCTIONING PROCEDURES 
FOR PATIENT ON MECHANICAL 
VENTILATOR

Adapted	from	Chulay	M,	Seckel	M:	Suctioning:	endotracheal	or	tracheostomy	tube.	In	
Wiegand	DL-M,	editor:	AACN procedure manual for critical care,	ed	6,	St	Louis,	2011,	
Saunders.

BVM,	Bag-valve-mask;	ECG,	electrocardiogram;	ET,	endotracheal;	FIO2,	fraction	of	
inspired	oxygen;	PEEP,	positive	end-expiratory	pressure.

*Attach	a	PEEP	valve	to	the	BVM	for	patients	on	>5	cm	H2O	PEEP.

General Measures for Open and Closed Suction 
Techniques
1.	Gather	all	equipment.
2.	Wash	hands	and	don	personal	protective	equipment.
3.	Explain	procedure	and	patient’s	role	in	assisting	with	secretion	

removal	by	coughing.
4.	Monitor	patient’s	cardiopulmonary	status	(e.g.,	vital	signs,	SpO2,	

SvO2/ScvO2,	ECG,	level	of	consciousness)	before,	during,	and	
after	the	procedure.

5.	Turn	on	suction	and	set	vacuum	to	100-120	mm	Hg.
6.	Pause	ventilator	alarms.

Open-Suction Technique
7.	Open	sterile	catheter	package	using	the	inside	of	the	package	as	

a	sterile	field.	NOTE:	Suction	catheter	should	be	no	wider	than	half	
the	diameter	of	the	ET	tube	(e.g.,	for	a	7-mm	ET	tube,	select	a	
10F	suction	catheter).

8.	Fill	the	sterile	solution	container	with	sterile	normal	saline	or	water.
9.	Don	sterile	gloves.

10.	Pick	up	sterile	suction	catheter	with	dominant	hand.	Using	
nondominant	hand,	secure	the	connecting	tube	(to	suction)	to	the	
suction	catheter.

11.	Check	equipment	for	proper	functioning	by	suctioning	a	small	
volume	of	sterile	saline	solution	from	the	container.	(Go to 
step 13.)

Closed-Suction Technique
12.	Connect	the	suction	tubing	to	the	closed	suction	port.
13.	Hyperoxygenate	the	patient	for	30	sec	using	one	of	the	following	

methods:
•	 Activate	the	suction	hyperoxygenation	setting	on	the	ventilator	

using	nondominant	hand.
•	 Increase	FIO2	to	100%.	NOTE:	Remember	to	return	FIO2	to	

baseline	level	at	the	completion	of	the	procedure	if	not	done	
automatically	after	preset	time	by	ventilator.

•	 Disconnect	the	ventilator	tubing	from	the	ET	tube	and	manually	
ventilate	the	patient	with	100%	O2	using	a	BVM	device.*	
Administer	five	or	six	breaths	over	30	sec.	NOTE:	Use	of	a	
second	person	to	deliver	the	manual	breaths	significantly	
increases	the	tidal	volume	delivered.

14.	With	suction	off,	gently	and	quickly	insert	the	catheter	using	the	
dominant	hand.	When	you	meet	resistance,	pull	back	 1

2	in.
15.	Apply	continuous	or	intermittent	suction	using	the	nondominant	

thumb.	Withdraw	the	catheter	over	10	sec	or	less.
16.	Hyperoxygenate	for	30	sec	as	described	in	step	13.
17.	 If	secretions	remain	and	the	patient	has	tolerated	the	procedure,	

perform	two	or	three	suction	passes	as	described	in	steps	14	and	
15.	NOTE:	Rinse	the	suction	catheter	with	sterile	saline	solution	
between	suctioning	passes	as	needed.

18.	Reconnect	patient	to	ventilator	(open-suction	technique).
19.	At	the	completion	of	ET	tube	suctioning,	rinse	the	catheter	and	

connecting	tubing	with	the	sterile	saline	solution.
20.	Suction	oral	pharynx.	NOTE:	Use	a	separate	catheter	for	this	step	

when	using	the	closed-suction	technique.
21.	Discard	the	suction	catheter	and	rinse	the	connecting	tubing	with	

the	sterile	saline	solution	(open-suction	technique).
22.	Reset	FIO2	(if	necessary)	and	ventilator	alarms.
23.	Reassess	patient	for	signs	of	effective	suctioning.
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TABLE 66-9 ORAL CARE PROCEDURES FOR 
PATIENT ON MECHANICAL 
VENTILATOR

Adapted	from	Vollman	KM,	Sole	ML:	Endotracheal	tube	and	oral	care.	In	Wiegand	
DL-M,	editor:	AACN procedure manual for critical care,	ed	6,	St	Louis,	2011,	
Saunders;	and	Institute	for	Healthcare	Improvement:	How-to	guide:	prevent	
ventilator-associated	pneumonia.	Retrieved	from	http://www.ihi.org.

General Measures
1.	Gather	all	equipment.
2.	Wash	hands	and	don	personal	protective	equipment.
3.	Explain	procedure	to	the	patient	and	caregiver,	if	present.
4.	Perform	oral	care	using	pediatric	or	adult	soft	toothbrushes	at	least	

twice	a	day	by	gently	brushing	to	clean	and	remove	plaque.
5.	Use	oral	swabs	with	a	1.5%	hydrogen	peroxide	solution	every	

2-4	hr.
6.	Use	0.12%	chlorhexidine	oral	rinse	twice	daily.
7.	Apply	a	mouth	moisturizer	to	oral	mucosa	and	lips	with	each	

cleaning.
8.	Suction	oral	cavity	and	pharynx	frequently.	See	Fig.	66-16	for	

example	of	an	endotracheal	tube	that	can	provide	continuous	or	
intermittent	subglottic	suctioning.

NOTE:
•	 Change	all	oral	suction	equipment	and	suction	tubing	every	24	hr.
•	 Rinse	nondisposable	oral	suction	apparatus	with	sterile	normal	

saline	after	each	use	and	place	on	a	dry	paper	towel.

catheter insertion, and the characteristics of the suction catheter 
itself. Blood streaks or tissue shreds in aspirated secretions may 
indicate that mucosal damage has occurred. Mucosal damage 
increases the risk of infection and bleeding, particularly if the 
patient is receiving anticoagulants.32 Trauma to the mucosa can 
be prevented by following the steps described in Table 66-8.

Secretions may be thick and difficult to suction because of 
inadequate hydration, inadequate humidification, infection, or 
inaccessibility of the left mainstem bronchus or lower airways. 
Adequately hydrating the patient (e.g., oral or IV fluids) and 
providing supplemental humidification of inspired gases may 
assist in thinning secretions. Instillation of normal saline into 
the ET tube is discouraged and may be harmful. If infection is 
the cause of thick secretions, give the patient appropriate anti-
biotics. Mobilization, postural drainage, percussion, and turning 
the patient every 2 hours may help move secretions into larger 
airways.

PROVIDING ORAL CARE AND MAINTAINING  
SKIN INTEGRITY

When an oral ET tube is in place, the patient’s mouth is always 
open. Moisten the lips, tongue, and gums with saline or water 
swabs to prevent mucosal drying. Proper oral care provides 
comfort and prevents injury to the gums and plaque formation 
(Table 66-9). Meticulous care is required to prevent skin break-
down on the face, lips, tongue, and nares because of pressure 
from the ET tube or bite block or the method used to secure 
the ET tube to the patient’s face. Reposition and retape the ET 
tube every 24 hours and as needed. This practice may be shared 
between nursing and respiratory therapy or limited to respira-
tory therapy.

For the nasally intubated patient, remove the old tape or ties 
and clean the skin around the ET tube with saline-soaked gauze 
or cotton swabs. For the orally intubated patient, remove the 
bite block (if present) and the old tape or ties. Provide oral 
hygiene and then reposition the ET tube to the opposite side of 
the mouth. Replace the bite block (if appropriate) and reconfirm 

proper cuff inflation and tube placement. Secure the ET tube 
again per agency policy (see eFig. 66-5 on the website for this 
chapter). If a manufactured tube holder is used, loosen the 
straps, massage the area under the straps, and then reapply the 
straps. Two staff members should perform the repositioning 
procedure to prevent accidental dislodgment. Monitor the 
patient for any signs of respiratory distress throughout the 
procedure.

FOSTERING COMFORT AND COMMUNICATION
Intubation is a major stressor for the patient.33,34 The intubated 
patient may experience anxiety from not being able to talk or 
knowing what to expect. Communicating with the intubated 
patient can be frustrating for the patient, caregiver, and you. To 
communicate more effectively, use a variety of methods35 (see 
Common Problems of Critical Care Patients earlier in this 
chapter on p. 1600).

The physical discomfort associated with ET intubation and 
mechanical ventilation often requires sedating the patient  
and giving an analgesic until the ET tube is no longer required. 
The patient may need morphine, lorazepam, propofol, or  
other sedatives to blunt the anxiety and discomfort related to 
intubation. Evaluate the drugs’ effectiveness in achieving an 
acceptable level of patient comfort. In addition, consider using 
relaxation techniques (e.g., music therapy) to complement drug 
therapy.

COMPLICATIONS OF ENDOTRACHEAL INTUBATION
Two major complications of ET intubation are unplanned extu-
bation and aspiration. Unplanned extubation (i.e., removal of 
the ET tube from the trachea) can be a catastrophic event  
and usually complicates the patient’s recovery. Unplanned extu-
bations can be due to patient removal of the ET tube or acci-
dental removal during movement or a procedure. Usually the 
unplanned extubation is obvious (the patient is holding the ET 
tube). Other times, the tip of the ET tube is in the hypopharynx 
or esophagus and the extubation is not so obvious.

SAFETY ALERT: Unplanned Extubation
Observe	 for	 signs	 of	 unplanned	 extubation,	 which	 can	 be	 a	 life-
threatening	event:

•	 Patient	talking
•	 Activation	of	the	low-pressure	ventilator	alarm
•	 Diminished	or	absent	breath	sounds
•	 Respiratory	distress
•	 Gastric	distention

You are responsible for preventing unplanned extubation by 
ensuring that the ET tube is secured and observing and sup-
porting the ET tube during repositioning, procedures, and 
patient transfers. Additionally, giving adequate sedation and 
analgesia and using standardized weaning protocols decrease 
the incidence of self-extubation.36 The use of soft wrist restraints 
or mitts to immobilize the patient’s hands has not shown to be 
an absolute deterrent to self-extubation.37 Be sure to explain to 
the patient and caregiver when you use restraints for patient 
safety. Reassess for the continued need of restraints per agency 
policy.

Should an unplanned extubation occur, stay with the patient 
and call for help. Interventions are aimed at maintaining the 
patient’s airway, supporting ventilation (e.g., manually ventilat-
ing the patient with a BVM and 100% O2), securing the appro-
priate assistance to immediately reintubate the patient (if 
necessary), and providing psychologic support to the patient.
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larly those with chronic illnesses, to discuss the subject with 
their families and health care providers. They should record and 
place the results of these discussions in an advance directive. 
The decision to use, withhold, or withdraw mechanical ventila-
tion must be made carefully, respecting the wishes of the patient 
and caregiver. When the health care team, patient, and/or care-
giver disagree over the plan of care, you need to consult the 
agency’s ethics committee for assistance.

Types of Mechanical Ventilation
The two major types of mechanical ventilation are negative 
pressure and positive pressure ventilation.

Negative Pressure Ventilation. Negative pressure ventila-
tion involves the use of chambers that encase the chest or body 
and surround it with intermittent subatmospheric (or negative) 
pressure. The “iron lung” was the first form of negative pressure 
ventilation, developed during the polio epidemic. Intermittent 
negative pressure around the chest wall causes the chest to be 
pulled outward, reducing intrathoracic pressure. Air rushes in 
via the upper airway, which is outside the sealed chamber. Expi-
ration is passive. The machine cycles off, allowing chest retrac-
tion. This type of ventilation is similar to normal ventilation in 
that decreased intrathoracic pressures produce inspiration, and 
expiration is passive. Negative pressure ventilation is delivered 
by noninvasive ventilation and does not require an artificial 
airway.

Several portable negative pressure ventilators are available 
for home use for patients with neuromuscular diseases, central 
nervous system disorders, diseases and injuries of the spinal 
cord, and severe COPD (Fig. 66-17). Negative pressure ventila-
tors are not routinely used for acutely ill patients.

Positive Pressure Ventilation. Positive pressure ventila-
tion (PPV) is the primary method used with acutely ill patients 
(Fig. 66-18). During inspiration the ventilator pushes air into 
the lungs under positive pressure. Unlike spontaneous ventila-
tion, intrathoracic pressure is raised during lung inflation rather 
than lowered. Expiration occurs passively as in normal expira-
tion. Modes of PPV are categorized into two groups: volume 
and pressure ventilation.39

Volume  Ventilation.  With volume ventilation a predeter-
mined tidal volume (VT) is delivered with each inspiration, and 
the amount of pressure needed to deliver the breath varies based 
on compliance and resistance factors of the patient-ventilator 

FIG. 66-16	 Continuous	subglottal	suctioning	can	be	provided	by	the	Hi	Lo	
Evac	Tube.	A	dorsal	lumen	above	the	cuff	allows	for	suctioning	of	secretions	
from	the	subglottic	area.	(Reprinted	by	permission	of	Nellcor	Puritan	Bennett	
Inc,	Pleasanton,	Calif.)

Aspiration is another potential hazard for the patient with an 
ET tube. The ET tube passes through the epiglottis, splinting it 
in an open position. Thus the intubated patient cannot protect 
the airway from aspiration. The high-volume, low-pressure ET 
or tracheal cuff cannot totally prevent the trickle of oral or 
gastric secretions into the trachea. Further, secretions collect 
above the cuff. When the cuff is deflated, those secretions can 
move into the lungs. Some ET tubes provide continuous suc-
tioning of secretions above the cuff (Fig. 66-16).

Oral intubation increases salivation, yet swallowing is diffi-
cult, so suction the patient’s mouth frequently. Use a Yankauer 
(tonsil-tip) suction catheter or a sterile single-use catheter. 
Other factors contributing to aspiration include improper cuff 
inflation, patient positioning, and tracheoesophageal fistula. 
The patient with an ET tube is at risk for aspiration of gastric 
contents. Even when the cuff is properly inflated, take precau-
tions to prevent vomiting, which can lead to aspiration.38 Often, 
a nasogastric (NG) or an orogastric (OG) tube is inserted and 
connected to low, intermittent suction when a patient is first 
intubated. An OG tube is preferred over an NG tube to reduce 
the risk of sinusitis. All patients who are intubated or receiving 
enteral feedings must have the HOB elevated a minimum of 30 
to 45 degrees unless medically contraindicated.

MECHANICAL VENTILATION

Mechanical ventilation is the process by which the FIO2 (21% 
[room air] or more) is moved in and out of the lungs by a 
mechanical ventilator. Mechanical ventilation is not curative. It 
is a means of supporting patients until they recover the ability 
to breathe independently. It can also serve as a bridge to long-
term mechanical ventilation, or until a decision is made to 
withdraw ventilatory support.

Indications for mechanical ventilation include (1) apnea or 
impending inability to breathe or protect the airway, (2) acute 
respiratory failure (see Chapter 68), (3) severe hypoxia, and  
(4) respiratory muscle fatigue.39 Patients with chronic pulmo-
nary disease and their caregivers should be given the oppor-
tunity to discuss mechanical ventilation before end-stage 
respiratory disease develops. Encourage all patients, particu-

FIG. 66-17	 Negative	pressure	ventilator.	(Courtesy	Lifecare,	Westminster,	
Colo.)
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lation (SIMV) have been used to treat critically ill patients. 
More recently, pressure modes such as pressure support ventila-
tion (PSV) and pressure-control inverse ratio ventilation (PC-
IRV) have become more widespread.39 Table 66-12 describes 
these ventilator modes.

Assist-Control Mechanical Ventilation. With assist-control 
ventilation (ACV), the ventilator delivers a preset VT at a preset 
frequency. When the patient initiates a spontaneous breath, the 
ventilator senses a decrease in intrathoracic pressure and then 
delivers the preset VT. The patient can breathe faster than the 
preset rate but not slower. This mode has the advantage of 
allowing the patient some control over ventilation while provid-
ing some assistance. ACV is used in patients with a variety of 
conditions, including neuromuscular disorders (e.g., Guillain-
Barré syndrome), pulmonary edema, and acute respiratory 
failure.

In the ACV mode, the patient has the potential for hypoven-
tilation and hyperventilation. The spontaneously breathing 

system. Consequently, the VT is consistent from breath to 
breath, but airway pressures vary.

Pressure  Ventilation.  With pressure ventilation the peak 
inspiratory pressure is predetermined, and the VT delivered to 
the patient varies based on the selected pressure and compliance 
and resistance factors of the patient-ventilator system. With this 
understanding, careful attention must be given to the VT to 
prevent unplanned hyperventilation or hypoventilation. For 
example, when the patient breathes out of synchrony with the 
ventilator, the pressure limit may be reached quickly, and the 
volume of gas delivered may be small. Initially, pressure ventila-
tion was used only in stable patients being weaned from the 
ventilator. Today, pressure ventilation is frequently used to treat 
critically ill patients.

Settings of Mechanical Ventilators
Mechanical ventilator settings regulate rate, depth, and other 
characteristics of ventilation (Table 66-10). Settings are based 
on the patient’s status (e.g., ABGs, ideal body weight, level of 
consciousness, muscle strength). The ventilator is tuned as 
finely as possible to match the patient’s ventilatory pattern. Set-
tings are evaluated and adjusted frequently until the patient 
achieves optimal ventilation. Some settings serve as a fail-safe 
mechanism, alerting staff to problems with ventilation. It is 
important that you check that all ventilator alarms are always 
on. Alarms alert the staff to potentially dangerous situations 
such as mechanical malfunction, apnea, unplanned extubation, 
or patient asynchrony with the ventilator (Table 66-11). On 
many ventilators the alarms can be temporarily suspended or 
silenced for up to 2 minutes for suctioning or testing while a 
staff member is in the room. After that time, the alarm system 
automatically becomes functional again.

Modes of Volume Ventilation
The variable methods by which the patient and ventilator inter-
act to deliver effective ventilation are called ventilator modes. 
The selected ventilator mode is based on how much WOB the 
patient should or can perform. WOB refers to inspiratory effort 
needed to overcome the elasticity and viscosity of the lungs 
along with the airway resistance. The mode is determined by 
the patient’s ventilatory status, respiratory drive, and ABGs. 
Generally, ventilator modes are controlled or assisted.

With controlled ventilatory support, the ventilator does all 
of the WOB. With assisted ventilatory support, the ventilator 
and patient share the WOB. Historically, volume modes such as 
controlled mandatory ventilation (CMV), assist-control venti-
lation (ACV), and synchronized intermittent mandatory venti-

FIG. 66-18	 Patient	 receiving	 mechanical	 ventilation.	 (Courtesy	 Draeger	
Medical.)

TABLE 66-10 SETTINGS OF MECHANICAL 
VENTILATION

Parameter Description
Respiratory rate (f) Number	of	breaths	the	ventilator	delivers	per	

minute.
Usual setting:	6-20	breaths/min

Tidal volume (VT) Volume	of	gas	delivered	to	patient	during	
each	ventilator	breath.

Usual volume:	6-10	mL/kg

O2 concentration 
(FIO2)

Fraction	of	inspired	O2	(FIO2)	delivered	to	
patient.	May	be	set	between	21%	
(essentially	room	air)	and	100%.

Usually adjusted	to	maintain	PaO2	level	
>60	mm	Hg	or	SpO2	level	>90%

Positive end-
expiratory 
pressure (PEEP)

Positive	pressure	applied	at	the	end	of	
expiration	of	ventilator	breaths.

Usual setting:	5	cm	H2O

Pressure support Positive	pressure	used	to	augment	patient’s	
inspiratory	pressure.

Usual setting:	6-18	cm	H2O

I:E ratio Duration	of	inspiration	(I)	to	duration	of	
expiration	(E).

Usual setting:	1:2	to	1:1.5	unless	IRV	is	
desired

Inspiratory flow 
rate and time

Speed	with	which	the	VT	is	delivered.
Usual setting:	40-80	L/min	and	time	is	

0.8-1.2	sec

Sensitivity Determines	the	amount	of	effort	the	patient	
must	generate	to	initiate	a	ventilator	
breath.	It	may	be	set	for	pressure	
triggering	or	flow	triggering.

Usual setting:	A	pressure	trigger	is	set	
0.5-1.5	cm	H2O	below	baseline	pressure	
and	a	flow	trigger	is	set	1-3	L/min	below	
baseline	flow

High-pressure limit Regulates	the	maximal	pressure	the	ventilator	
can	generate	to	deliver	the	VT.	When	the	
pressure	limit	is	reached,	the	ventilator	
terminates	the	breath	and	spills	the	
undelivered	volume	into	the	atmosphere.

Usual setting:	10-20	cm	H2O	above	peak	
inspiratory	pressure

Adapted	from	Urden	LD,	Lough	ME,	Stacy	KM:	Critical care nursing: diagnosis and 
management,	ed	6,	St	Louis,	2010,	Mosby.
IRV,	Inverse	ratio	ventilation.
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patient can easily be overventilated, resulting in hyperventila-
tion. If the volume or minimum rate is set low and the patient 
is apneic or weak, the patient will be hypoventilated. Thus these 
patients require vigilant assessment and monitoring of ventila-
tory status, including respiratory rate, ABGs, SpO2, and ScvO2/
SvO2. It is also important that the sensitivity or amount of nega-
tive pressure required to initiate a breath is appropriate to the 
patient’s condition. For example, if it is too difficult for the 
patient to initiate a breath, the WOB is increased and the patient 
may tire or develop ventilator asynchrony (i.e., the patient 
“fights” the ventilator).

Synchronized Intermittent Mandatory Ventilation. With 
synchronized intermittent mandatory ventilation (SIMV), the 
ventilator delivers a preset VT at a preset frequency in synchrony 
with the patient’s spontaneous breathing. Between ventilator-
delivered breaths, the patient is able to breathe spontaneously 
through the ventilator circuit. Thus the patient receives the 
preset FIO2 during the spontaneous breaths but self-regulates 
the rate and volume of those breaths. This mode of ventilation 
differs from ACV, in which all breaths are of the same preset 
volume. It is used during continuous ventilation and during 
weaning from the ventilator. SIMV may also be combined with 
PSV (described below). Potential benefits of SIMV include 
improved patient-ventilator synchrony, lower mean airway 
pressure, and prevention of muscle atrophy as the patient takes 
on more of the WOB.

TABLE 66-11 INTERPRETING MECHANICAL 
VENTILATION ALARMS

Alarm Possible Causes
High-pressure 

limit
•	 Secretions,	coughing,	or	gagging
•	 Patient	fighting	ventilator	(ventilator	

asynchrony)
•	 Condensate	(water)	in	tubing
•	 Kinked	or	compressed	tubing	(e.g.,	patient	

biting	on	endotracheal	tube	[ET]	tube)
•	 Increased	resistance	(e.g.,	bronchospasm)
•	 Decreased	compliance	(e.g.,	pulmonary	

edema,	pneumothorax)

Low-pressure 
limit

•	 Total	or	partial	ventilator	disconnect
•	 Loss	of	airway	(e.g.,	total	or	partial	extubation)
•	 ET	tube	or	tracheotomy	cuff	leak	(e.g.,	patient	

speaking,	grunting)

Apnea •	 Respiratory	arrest
•	 Oversedation
•	 Change	in	patient	condition
•	 Loss	of	airway	(e.g.,	total	or	partial	extubation)

High tidal 
volume, minute 
ventilation, or 
respiratory rate

•	 Pain,	anxiety
•	 Change	in	patient	condition
•	 Excess	condensate	in	tubing	(i.e.,	false	

reading)

Low tidal 
volume or 
minute 
ventilation

•	 Change	in	patient’s	breathing	efforts	(e.g.,	
rate	and	volume)

•	 Patient	disconnection,	loose	connection,	or	
leak	in	circuit

•	 ET	tube	or	tracheotomy	cuff	leak	(e.g.,	patient	
speaking,	grunting)

•	 Insufficient	gas	flow

Ventilator 
inoperative or 
low battery

•	 Machine	malfunction
•	 Unplugged,	power	failure,	or	internal	battery	

not	charged

Adapted	from	Pierce	LN:	Management of the mechanically ventilated patient,	ed	2,	
St	Louis,	2007,	Saunders.
ET,	Endotracheal.

TABLE 66-12 MODES OF MECHANICAL 
VENTILATION

Modified	from	Burns	SM:	Invasive	mechanical	ventilation	(through	an	artificial	airway)	
volume	and	pressure	modes.	In	Wiegand	DL-M,	editor:	AACN procedure manual for 
critical care,	ed	6,	St	Louis,	2011,	Saunders.

Volume Modes
Assist-Control (AC) or Assisted Mandatory  
Ventilation (AMV)
•	 Requires	that	rate,	VT,	inspiratory	time,	and	PEEP	be	set	for	the	

patient.
•	 The	ventilator	sensitivity	is	also	set,	and	when	the	patient	initiates	

a	spontaneous	breath,	a	full-volume	breath	is	delivered.

Intermittent Mandatory Ventilation (IMV) and 
Synchronized Intermittent Mandatory Ventilation (SIMV)
•	 Requires	that	rate,	VT,	inspiratory	time,	sensitivity,	and	PEEP	are	

set	for	the	patient.
•	 In	between	“mandatory	breaths,”	patients	spontaneously	breathe	

at	their	own	rates	and	VT.	With	SIMV,	the	ventilator	synchronizes	
the	mandatory	breaths	with	the	patient’s	own	inspirations.

Pressure Modes
Pressure Support Ventilation (PSV)
•	 Provides	an	augmented	inspiration	to	a	spontaneously	breathing	

patient.
•	 The	clinician	selects	an	inspiratory	pressure	level,	PEEP,	and	

sensitivity.
•	 When	the	patient	initiates	a	breath,	a	high	flow	of	gas	is	delivered	

to	the	preselected	pressure	level,	and	pressure	is	maintained	
throughout	inspiration.

•	 The	patient	determines	the	parameters	of	VT,	rate,	and	inspiratory	
time.

Pressure-Control Inverse Ratio Ventilation (PC-IRV)
•	 Combines	pressure-limited	ventilation	with	an	inverse	ratio	of	

inspiration	to	expiration.
•	 The	clinician	selects	the	pressure	level,	rate,	inspiratory	time	(1:1,	

2:1,	3:1,	4:1),	and	the	PEEP	level.
•	 With	the	prolonged	inspiratory	times,	auto-PEEP	may	result.
•	 The	auto-PEEP	may	be	a	desirable	outcome	of	the	inverse	ratios.
•	 Some	clinicians	use	PC	without	IRV.
•	 Conventional	inspiratory	times	are	used	and	rate,	pressure	level,	

and	PEEP	are	selected.

Airway Pressure Release Ventilation (APRV)
•	 Provides	two	levels	of	continuous	positive	airway	pressure	(CPAP)	

with	timed	releases,	and	permits	spontaneous	breathing	
throughout	the	respiratory	cycle.

•	 The	clinician	selects	both	pressure	high	and	pressure	low	along	
with	time	high	and	time	low.	Tidal	volume	is	not	a	set	variable	and	
depends	on	the	CPAP	level,	the	patient’s	compliance	and	
resistance,	and	spontaneous	breathing	effort.

Positive End-Expiratory Pressure (PEEP) and Continuous 
Positive Airway Pressure (CPAP)
PEEP
•	 Creates	positive	pressure	at	end	exhalation	and	restores	functional	

residual	capacity	(FRC).
•	 The	term	PEEP	is	used	when	end-expiratory	pressure	is	provided	

during	ventilator	positive	pressure	breaths.

CPAP
•	 Similar	to	PEEP,	CPAP	restores	FRC.
•	 This	pressure	is	continuous	during	spontaneous	breathing;	no	

positive	pressure	breaths	are	present.
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because of the nonstandardization of these options, the names 
and features are manufacturer specific. The superiority of these 
modes has not been established. Some examples include volume-
assured pressure ventilation and adaptive support ventilation.

Other Ventilatory Maneuvers
Positive End-Expiratory Pressure. Positive end-expiratory 

pressure (PEEP) is a ventilatory maneuver in which positive 
pressure is applied to the airway during exhalation. Normally 
during exhalation, airway pressure drops to zero, and exhala-
tion occurs passively. With PEEP, exhalation remains passive, 
but pressure falls to a preset level, often 3 to 20 cm H2O. Lung 
volume during expiration and between breaths is greater than 
normal with PEEP. This increases functional residual capacity 
(FRC) and often improves oxygenation with restoration of lung 
volume that normally remains at the end of passive exhalation. 
The mechanisms by which PEEP increases FRC and oxygen-
ation include increased aeration of patent alveoli, aeration of 
previously collapsed alveoli, and prevention of alveolar collapse 
throughout the respiratory cycle.

PEEP is titrated to the point that oxygenation improves 
without compromising hemodynamics. This is termed best or 
optimal PEEP. Often 5 cm H2O PEEP (referred to as physiologic 
PEEP) is used prophylactically to replace the glottic mechanism, 
help maintain a normal FRC, and prevent alveolar collapse. 
PEEP of 5 cm H2O is also used for patients with a history of 
alveolar collapse during weaning. PEEP improves gas exchange, 
vital capacity, and inspiratory force when used during weaning.

In contrast, auto-PEEP is not purposely set on the ventilator 
but is a result of inadequate exhalation time. Auto-PEEP is 
additional PEEP over what is set by the health care provider. 
This additional PEEP may result in increased WOB, baro-
trauma, and hemodynamic instability. However, during some 
ventilator modes (PC-IRV), auto-PEEP may be desirable. Inter-
ventions to limit auto-PEEP include sedation and analgesia, 
large-diameter ET tube, bronchodilators, short inspiratory 
times, and decreased respiratory rates. Reducing water accumu-
lation in the ventilator circuit by frequent emptying or use of 
heated circuits also limits auto-PEEP. In patients with short 
exhalation times and early airway closure (e.g., asthma), setting 
PEEP can offset auto-PEEP by splinting the airway open during 
exhalation and preventing “air trapping.”

In general, the major purpose of PEEP is to maintain or 
improve oxygenation while limiting risk of O2 toxicity. FIO2 can 
often be reduced when PEEP is used. PEEP is indicated in lungs 
with diffuse disease, severe hypoxemia unresponsive to FIO2 
greater than 50%, and loss of compliance or stiffness. It is used 
in pulmonary edema to provide a counterpressure opposing 
fluid extravasation. The classic indication for PEEP therapy is 
ARDS (see Chapter 68). PEEP is contraindicated or used with 
extreme caution in patients with highly compliant lungs (e.g., 
COPD), unilateral or nonuniform disease, hypovolemia, and 
low CO. In these cases the adverse effects of PEEP may out-
weigh any benefits.

Continuous Positive Airway Pressure. Continuous posi-
tive airway pressure (CPAP) restores FRC and is similar to 
PEEP. However, the pressure in CPAP is delivered continuously 
during spontaneous breathing, thus preventing the patient’s 
airway pressure from falling to zero. For example, if CPAP is 
5 cm H2O, airway pressure during expiration is 5 cm H2O. 
During inspiration, 1 to 2 cm H2O of negative pressure is gener-
ated, thus reducing airway pressure to 3 or 4 cm H2O. The 

SIMV also has disadvantages. If spontaneous breathing 
decreases when the preset rate is low, ventilation might not be 
adequately supported. Only patients with regular, spontaneous 
breathing should use low-rate SIMV. Weaning with SIMV 
demands close monitoring and may take longer because the rate 
of breathing is gradually reduced. Patients being weaned with 
SIMV may also have increased muscle fatigue associated with 
spontaneous breathing efforts.

Modes of Pressure Ventilation
Pressure Support Ventilation. With pressure support ven-

tilation (PSV), positive pressure is applied to the airway only 
during inspiration and is used in conjunction with the patient’s 
spontaneous respirations. The patient must be able to initiate a 
breath in this modality. The level of positive airway pressure is 
preset so that the gas flow rate is greater than the patient’s inspi-
ratory flow rate. As the patient initiates a breath, the machine 
senses the spontaneous effort and supplies a rapid flow of gas 
at the initiation of the breath and variable flow throughout the 
breath. With PSV the patient determines inspiratory length, VT, 
and respiratory rate. VT depends on the pressure level and 
airway compliance.

PSV is used with continuous ventilation and during weaning. 
PSV may also be used with SIMV during weaning. PSV is not 
used as a sole ventilatory support during acute respiratory 
failure because of the risk of hypoventilation. Advantages of 
PSV include increased patient comfort, decreased WOB 
(because inspiratory efforts are augmented), decreased O2 con-
sumption (because inspiratory work is reduced), and increased 
endurance conditioning (because the patient is exercising respi-
ratory muscles).

Pressure-Control Inverse Ratio Ventilation. Pressure-control 
inverse ratio ventilation (PC-IRV) combines pressure-limited 
ventilation with an inverse ratio of inspiration (I) to expiration 
(E). Some clinicians use PC without IRV. The I/E ratio is the 
ratio of duration of inspiration to the duration of expiration. 
This value is normally a ratio of 1:2. With IRV, the I/E ratio 
begins at 1:1 and may progress to 4:1. Prolonged positive pres-
sure is applied, increasing inspiratory time. IRV progressively 
expands collapsed alveoli. The short expiratory time has a PEEP-
like effect, preventing alveolar collapse. Because IRV imposes a 
nonphysiologic breathing pattern, the patient requires sedation 
with or without paralysis. PC-IRV is indicated for patients with 
acute respiratory distress syndrome (ARDS) who continue to 
have refractory hypoxemia despite high levels of PEEP. Not all 
patients with poor oxygenation respond to PC-IRV.

Airway Pressure Release Ventilation. Airway pressure 
release ventilation (APRV) permits spontaneous breathing at 
any point during the respiratory cycle with a preset continuous 
positive airway pressure (CPAP) with short timed pressure 
releases. The CPAP level (pressure high, pressure low) is adjusted 
to maintain oxygenation goals while the timed releases (time 
high, time low) are increased or decreased to meet ventilation 
goals. VT is not a set variable and depends on the CPAP level, 
the patient’s compliance and resistance, and spontaneous 
breathing effort. The mode is designed for patients with ARDS 
who need high pressure levels for alveolar recruitment (open 
collapsed alveoli). One advantage of this mode is the ability to 
permit spontaneous respirations. This may reduce the need for 
deep sedation or paralytics.

Other Modes. Increases in ventilator technology have led 
to the development of additional pressure modes. However, 
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Extracorporeal Membrane Oxygenation. Extracorporeal 
membrane oxygenation (ECMO) is an alternative form of pulmo-
nary support for the patient with severe respiratory failure. It is 
used more frequently in the pediatric and neonatal populations 
but is increasingly being used in adults. ECMO is a modification 
of cardiac bypass and involves partially removing blood from a 
patient with large-bore catheters, infusing O2, removing CO2, 
and returning the blood to the patient. This intensive therapy 
requires systemic anticoagulation and is a time-limited interven-
tion. A skilled team of specialists, including a perfusionist, is 
required continuously at the bedside.44

Complications of Positive Pressure Ventilation
Although PPV may be essential to maintain ventilation and 
oxygenation, it can cause adverse effects. It is often difficult to 
distinguish complications of mechanical ventilation from the 
underlying disease.

Cardiovascular System. PPV can affect circulation because 
of the transmission of increased mean airway pressure to the 
thoracic cavity. With increased intrathoracic pressure, thoracic 
vessels are compressed. This results in decreased venous return 
to the heart, decreased left ventricular end-diastolic volume 
(preload), decreased CO, and hypotension. Mean airway pres-
sure is further increased if titrating PEEP (greater than 5 cm 
H2O) to improve oxygenation.

If the lungs are noncompliant (e.g., ARDS), airway pressures 
are not as easily transmitted to the heart and blood vessels.  
Thus effects of PPV on CO are reduced. Conversely, with com-
pliant lungs (e.g., emphysema), there is increased danger of 
transmission of high airway pressures and negative effects on 
hemodynamics.

Compromised venous return by PPV is worsened by hypo-
volemia (e.g., hemorrhage) and decreased venous tone (e.g., 
sepsis, spinal shock). Restoration and maintenance of the cir-
culating blood volume are important in minimizing cardiovas-
cular complications.

Pulmonary System
Barotrauma.  As lung inflation pressures increase, risk of 

barotrauma increases. Patients with compliant lungs (e.g., 
COPD) are at greater risk for barotrauma. This results when the 
increased airway pressure distends the lungs and possibly rup-
tures fragile alveoli or emphysematous blebs. Patients with stiff 
lungs (e.g., ARDS) who are given high inspiratory pressures and 
high levels of PEEP (greater than 5 cm H2O) and patients with 
lung abscesses resulting from necrotizing organisms (e.g., 
staphylococci) are also susceptible to barotrauma.

Air can escape into the pleural space from alveoli or inter-
stitium and become trapped. Pleural pressure increases and 
collapses the lung, causing pneumothorax. (Chapter 28  
discusses the clinical manifestations of pneumothorax.) The 
lungs receive air during inspiration but cannot expel it during 
expiration. Respiratory bronchioles are larger on inspiration 
than expiration. They may close on expiration, and air becomes 
trapped. With PPV, a simple pneumothorax can become a life-
threatening tension pneumothorax. The mediastinum and  
contralateral lung are compressed, reducing CO. Immediate 
treatment of the pneumothorax is required. For some patients, 
chest tubes are placed prophylactically.

Pneumomediastinum usually begins with rupture of alveoli 
into the lung interstitium. Progressive air movement occurs  
into the mediastinum and subcutaneous neck tissue, and a 
pneumothorax often follows. New, unexplained subcutaneous 

patient receiving SIMV with PEEP receives CPAP when breath-
ing spontaneously. CPAP is commonly used in the treatment of 
obstructive sleep apnea.40 CPAP can be administered noninva-
sively by a tight-fitting mask or an ET or tracheal tube. CPAP 
increases WOB because the patient must forcibly exhale against 
the CPAP. Therefore it must be used with caution in patients 
with myocardial compromise.

Automatic Tube Compensation. Automatic tube compensa-
tion (ATC) is an adjunct designed to overcome WOB through 
an artificial airway. It is currently available on many ventilators. 
ATC is increased during inspiration and decreased during expi-
ration. It is set by entering the internal diameter of the patient’s 
airway along with the desired percentage of compensation. ATC 
may increase auto-PEEP in patients with obstructive disease 
and should be used cautiously in this population.41

Bilevel Positive Airway Pressure. In addition to O2, bilevel 
positive airway pressure (BiPAP) provides two levels of positive 
pressure support: higher inspiratory positive airway pressure 
and lower expiratory positive airway pressure. It is a noninva-
sive modality and is delivered through a tight-fitting face mask, 
nasal mask, or nasal pillows. As with PSV delivered through an 
artificial airway, the patient must be able to spontaneously 
breathe and cooperate with this treatment.40 BiPAP is used for 
COPD patients with heart failure and acute respiratory failure 
and for patients with sleep apnea. BiPAP may also be used after 
extubation to prevent reintubation. Patients with shock, altered 
mental status, or increased airway secretions are not candidates 
for BiPAP because of the risk of aspiration and the inability to 
remove the mask.

High-Frequency Oscillatory Ventilation. High-frequency 
oscillatory ventilation (HFOV) involves delivery of a small VT 
(usually 1 to 5 mL/kg of body weight) at rapid respiratory rates 
(100 to 300 breaths/minute) in an effort to recruit and maintain 
lung volume and reduce intrapulmonary shunting. One benefit 
of HFOV is the ability to support gas exchange at a fixed mean 
airway pressure while limiting the risk of ventilator-induced 
lung injury. HFOV has been widely accepted in neonatal and 
pediatric ICUs. It is used in adults for the treatment of refrac-
tory hypoxemia and ARDS.42 Patients receiving HFOV must be 
sedated and may be paralyzed to suppress spontaneous respira-
tion. All patients must receive concurrent sedation and analge-
sia if using a paralytic drug (see Chapter 68).

Nitric Oxide. Nitric oxide (NO) is a gaseous molecule that is 
made intravascularly and participates in the regulation of pul-
monary vascular tone. Inhibition of NO production results in 
pulmonary vasoconstriction, and administration of continuous 
inhaled NO results in pulmonary vasodilation. NO may be 
administered via an ET tube, a tracheostomy, or a face mask. 
Currently, NO is used in ARDS, as a diagnostic screening tool 
for pulmonary hypertension during a cardiac catheterization, 
and during or after cardiac surgery.

Prone Positioning. Prone positioning is the repositioning 
of a patient from a supine or lateral position to a prone (on  
the stomach, face down) position. This repositioning improves 
lung recruitment (reexpansion) through various mechanisms. 
Gravity reverses the effects of fluid in the dependent parts of 
the lungs as the patient is moved from supine to prone. The 
heart rests on the sternum, away from the lungs, contributing 
to an overall uniformity of pleural pressures. The prone position 
is a relatively safe (although nurse-intensive), supportive therapy 
used in critically ill patients with acute lung injury or ARDS to 
improve oxygenation.43
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pneumonia that occurs 48 hours or more after ET intubation.45 
It occurs in 9% to 27% of all intubated patients, with half of the 
cases developing within the first 4 days of mechanical ventila-
tion. In addition, patients who develop VAP have significantly 
longer hospital stays and higher mortality rates than those who 
do not.

In patients with early VAP (within 96 hours of mechanical 
ventilation), sputum cultures often grow gram-negative bacteria 
(e.g., Escherichia coli, Klebsiella, Streptococcus pneumoniae, 
Haemophilus influenzae). Organisms associated with late VAP 
include antibiotic-resistant organisms such as Pseudomonas 
aeruginosa and oxacillin-resistant Staphylococcus aureus. These 
organisms are abundant in the hospital environment and the 
patient’s GI tract. They can spread in a number of ways, includ-
ing contaminated respiratory equipment, inadequate hand 
washing, adverse environmental factors such as poor room ven-
tilation and high traffic flow, and decreased patient ability to 
cough and clear secretions. Colonization of the oropharynx 
tract by gram-negative organisms predisposes the patient to 
gram-negative pneumonia.

Clinical evidence suggesting VAP includes fever, elevated 
white blood cell count, purulent or odorous sputum, crackles 
or rhonchi on auscultation, and pulmonary infiltrates noted on 
chest x-ray. The patient is treated with antibiotics after appropri-
ate cultures are taken by tracheal suctioning or bronchoscopy 
and when infection is evident.

Guidelines on VAP prevention include (1) HOB elevation at 
a minimum of 30 to 45 degrees unless medically contraindi-
cated, (2) no routine changes of the patient’s ventilator circuit 
tubing, and (3) the use of an ET tube with a dorsal lumen above 
the cuff to allow continuous suctioning of secretions in the 
subglottic area46 (see Fig. 66-16). Prevention also includes strict 
hand washing before and after suctioning, whenever ventilator 
equipment is touched, and after contact with any respiratory 
secretions (see Nursing Management: Artificial Airway earlier 
in this chapter). Always wear gloves when in contact with the 
patient and change gloves between activities (e.g., emptying 
urinary catheter drainage, hanging an IV drug). Finally, always 
drain the water that collects in the ventilator tubing away from 
the patient as it collects.

Sodium and Water Imbalance. Progressive fluid retention 
often occurs after 48 to 72 hours of PPV, especially PPV with 
PEEP. Fluid retention is associated with decreased urine output 
and increased sodium retention. Fluid balance changes may be 
due to decreased CO, which in turn results in diminished renal 
perfusion. Consequently, renin release is stimulated with sub-
sequent production of angiotensin and aldosterone (see Chapter 
45, Fig. 45-4). This results in sodium and water retention. It is 
also possible that pressure changes within the thorax are associ-
ated with decreased release of atrial natriuretic peptide, which 
also causes sodium retention. Mild water retention is also asso-
ciated with PPV. Less insensible water loss occurs via the airway 
because ventilated delivered gases are humidified with body-
temperature water. In addition, as a part of the stress response, 
release of antidiuretic hormone and cortisol contributes to 
sodium and water retention.

Neurologic System. In patients with head injury, PPV (espe-
cially with PEEP) can impair cerebral blood flow. The increased 
intrathoracic positive pressure impedes venous drainage from 
the head, resulting in jugular venous distention. The patient may 
exhibit increases in intracranial pressure because of the impaired 
venous return and increase in cerebral volume. Elevating the 

emphysema is an indication for immediate chest x-ray. Pneu-
momediastinum and subcutaneous emphysema may be too 
small to detect on x-ray or clinically before the development of 
a pneumothorax.

Volutrauma.  The concept of volutrauma in PPV relates to the 
lung injury that occurs when a large VT is used to ventilate 
noncompliant lungs. Volutrauma results in alveolar fractures 
and movement of fluids and proteins into the alveolar spaces. 
Low-volume ventilation rather than pressure ventilation should 
be used in ARDS patients to protect the lungs.

Alveolar  Hypoventilation.  Alveolar hypoventilation can be 
caused by inappropriate ventilator settings, leakage of air from 
the ventilator tubing or around the ET tube or tracheostomy 
cuff, lung secretions or obstruction, and low ventilation/
perfusion ratio. A low VT or respiratory rate decreases minute 
ventilation. This results in hypoventilation and leads to respira-
tory acidosis. A leaking cuff or tubing that is not secured may 
cause air leakage, lowering the delivered VT. Excess lung secre-
tions can cause hypoventilation. Mobilizing the patient, turning 
the patient every 1 to 2 hours, providing chest physiotherapy to 
lung areas with increased secretions, encouraging deep breath-
ing and coughing, and suctioning (as needed) may limit this. 
Atelectasis may develop. Increasing the VT, adding small incre-
ments of PEEP, and adding a preset number of sighs to the 
ventilator settings reduce the risk of atelectasis.

Alveolar Hyperventilation.  Respiratory alkalosis can occur if 
the respiratory rate or VT is set too high (mechanical overventila-
tion) or if the patient receiving assisted ventilation is hyperven-
tilating. It is easy to overventilate a patient on PPV. Particularly 
at risk are patients with chronic alveolar hypoventilation and 
CO2 retention. For example, the patient with COPD may have 
a chronic PaCO2 elevation (acidosis) and compensatory bicar-
bonate retention by the kidneys. When the patient is ventilated, 
the patient’s “normal baseline” rather than the standard normal 
values is the therapeutic goal. If the COPD patient is returned 
to a standard normal PaCO2, the patient will develop alkalosis 
because of the retained bicarbonate. Such a patient could move 
from compensated respiratory acidosis to serious metabolic 
alkalosis. The presence of alkalosis makes weaning from the 
ventilator difficult. Alkalosis, especially if the onset is abrupt, 
can have additional serious consequences, including hypokale-
mia, hypocalcemia, and dysrhythmias. Neuromuscular irrita-
bility, seizures, coma, and death can occur. Usually the patient 
with COPD who is supported on the ventilator does better with 
a short inspiratory and longer expiratory time.

If hyperventilation is spontaneous, it is important to deter-
mine the cause and treat it. Possible causes include hypoxemia, 
pain, fear, anxiety, or compensation for metabolic acidosis. 
Patients who fight the ventilator or breathe out of synchrony 
may be anxious or in pain. If the patient is anxious and fearful, 
sitting with the patient and verbally coaching the patient to 
breathe with the ventilator may help. If these measures fail, 
manually ventilating the patient slowly with a BVM and 100% 
O2 may slow breathing enough to bring it in synchrony with the 
ventilator.

Ventilator-Associated  Pneumonia.  The risk for hospital-
acquired pneumonia is highest in patients requiring mechani-
cal ventilation because the ET or tracheostomy tube bypasses 
normal upper airway defenses. In addition, a poor nutritional 
state, immobility, and the underlying disease process (e.g., 
immunosuppression, organ failure) make the patient more 
prone to infection. Ventilator-associated pneumonia (VAP) is 
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to know (information), the need to regain control, the need to 
hope, and the need to trust. When patients’ needs are met, they 
feel safe. Work to strengthen the various factors that affect feeling 
safe. Encourage hope, as appropriate, and build trusting rela-
tionships with both the patient and caregiver. Involve patients 
and caregivers in decision making as much as possible.14,16

Patients receiving PPV usually require sedation (e.g., propo-
fol) and/or analgesia (e.g., fentanyl) to facilitate optimal ventila-
tion. Before initiating sedation or analgesia in the mechanically 
ventilated patient who is agitated or anxious, identify the cause 
of distress. Common problems that can result in patient agita-
tion or anxiety include PPV, nutritional deficits, pain, hypox-
emia, hypercapnia, drugs, and environmental stressors (e.g., 
sleep deprivation). Delirium is an acute change in mental status. 
It is a marker of cerebral insufficiency and associated with 
longer hospital stays and higher mortality rates. ICU patients 
are particularly vulnerable to delirium, and you must make 
every effort to assess and treat it.8

At times, the decision is made to paralyze the patient with a 
neuromuscular blocking agent (e.g., cisatracurium [Nimbex]) 
to provide more effective synchrony with the ventilator and 
improve oxygenation. Remember that the paralyzed patient can 
hear, see, think, and feel. It is important to administer IV seda-
tion and analgesia concurrently when the patient is paralyzed. 
Monitoring patients receiving these medications is challenging. 
Assessment of the patient should include train-of-four (TOF) 
peripheral nerve stimulation, physiologic signs of pain or 
anxiety (changes in heart rate and BP), and ventilator syn-
chrony. The TOF assessment involves using a peripheral nerve 
stimulator to deliver four successive stimulating currents to 
elicit muscle twitches (Fig. 66-19). The number of twitches 
varies with the percentage of neuromuscular blockade. The 
usual goal is one or two twitches out of four. Noninvasive 
electroencephalogram-based technology can also help guide 
sedative and analgesic therapy in these patients. Excessive 
administration of neuromuscular blocking agents may predis-
pose the patient to prolonged paralysis and muscle weakness 
even after these agents are stopped.

Many patients have few memories of their time in the ICU, 
whereas others remember vivid details. Although appearing to 
be asleep, sedated, or paralyzed, patients may be aware of their 
surroundings, and you should always address them as if they 
were awake and alert.50

HOB and keeping the patient’s head in alignment may decrease 
the harmful effects of PPV on intracranial pressure.

Gastrointestinal System. Patients receiving PPV are stressed 
because of the serious illness, immobility, or discomforts associ-
ated with the ventilator. This places the ventilated patient at risk 
for developing stress ulcers and GI bleeding. Patients with a 
preexisting ulcer or those receiving corticosteroids are at an 
increased risk. Any kind of circulatory compromise, including 
reduction of CO caused by PPV, may contribute to ischemia of 
the gastric and intestinal mucosa and possibly increase the risk 
of translocation of GI bacteria.

To decrease the risk of VAP, guidelines support the use of 
routine peptic ulcer prophylaxis in mechanically ventilated 
patients.46 Peptic ulcer prophylaxis includes the administration 
of histamine (H2)-receptor blockers (e.g., ranitidine [Zantac]), 
proton pump inhibitors (PPIs) (e.g., esomeprazole [Nexium]), 
and enteral nutrition to decrease gastric acidity and diminish 
the risk of stress ulcer and hemorrhage. Some evidence suggests 
that the use of PPIs may be linked to an increase in the develop-
ment of Clostridium difficile–associated diarrhea.47 (This is dis-
cussed in Chapter 42 on p. 933.)

Gastric and bowel dilation may occur because of gas accu-
mulation in the GI tract from swallowed air. The irritation of 
an artificial airway may cause excessive air swallowing and sub-
sequent gastric dilation. Gastric or bowel dilation may put pres-
sure on the vena cava, decrease CO, and prohibit adequate 
diaphragmatic excursion during spontaneous breathing. Eleva-
tion of the diaphragm as a result of paralytic ileus or bowel 
dilation leads to compression of the lower lobes of the lungs. 
This may cause atelectasis and compromise respiratory func-
tion. Decompression of the stomach is done by inserting an OG 
or NG tube.48

Immobility, sedation, circulatory impairment, decreased oral 
intake, use of opioid pain medications, and stress contribute to 
decreased peristalsis. The patient’s inability to exhale against a 
closed glottis may make defecation difficult. As a result, the 
ventilated patient is at risk for constipation, and a bowel regimen 
should be initiated.

Musculoskeletal System. Maintenance of muscle strength 
and prevention of the problems associated with immobility are 
important. Adequate analgesia and nutrition can enhance exer-
cise tolerance. Plan for early and progressive mobility of appro-
priate patients receiving PPV.49 (See eFig. 66-6 on the website 
for this chapter.) In collaboration with physical and occupa-
tional therapy, perform passive and active exercises to maintain 
muscle tone in the upper and lower extremities. Simple maneu-
vers such as leg lifts, knee bends, quadriceps setting, or arm 
circles are appropriate. Prevent contractures, pressure ulcers, 
footdrop, and external rotation of the hip and legs by proper 
positioning and the use of specialized mattresses or beds. Use a 
portable ventilator or manually ventilate the patient with a 
BVM and 100% O2 while ambulating.

Psychosocial Needs. The patient receiving mechanical ven-
tilation often experiences physical and emotional stress. In 
addition to the problems related to critical care patients dis-
cussed at the beginning of this chapter, the patient supported 
by a mechanical ventilator is unable to speak, eat, move, or 
breathe normally. Tubes and machines cause pain, fear, and 
anxiety. Usual activities of daily living such as eating, elimina-
tion, and coughing are extremely complicated.

Feeling safe is an overpowering need of patients on mechani-
cal ventilation. In addition, four related needs include the need FIG. 66-19	 Placement	of	electrodes	along	ulnar	nerve.	

Distal
electrode

Proximal
electrode
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can result in a higher required minute ventilation and increased 
WOB. Limiting carbohydrate content in the diet may lower CO2 
production. Consult the dietitian to determine the caloric and 
nutrient needs of these patients.

Weaning From Positive Pressure Ventilation  
and Extubation
Weaning is the process of reducing ventilator support and re-
suming spontaneous ventilation. The weaning process differs 
for patients requiring short-term ventilation (up to 3 days) 
versus long-term ventilation (longer than 3 days). Patients  
requiring short-term ventilation (e.g., after cardiac surgery)  
experience a linear weaning process. Patients likely to require 
prolonged PPV (e.g., patients with COPD who develop respira-
tory failure) often experience a weaning process that consists of 
peaks and valleys. Preparation for weaning begins when PPV is 
initiated and involves a team approach (e.g., nurse, physician, 
patient, caregiver, dietitian, respiratory therapist, physical 
therapist).

Machine Disconnection or Malfunction. Mechanical venti-
lators may become disconnected or malfunction. When turned 
on and operative, alarms alert you to problems (see Table 
66-11). Most deaths from accidental ventilator disconnection 
occur while the alarm is off, and most accidental disconnections 
in critical care settings are discovered by low-pressure alarms. 
The most frequent site for disconnection is between the tracheal 
tube and the adapter. Push connections together and then twist 
to secure more tightly. Be certain that alarms are set at all times, 
and chart that this is the case. You can pause alarms (not inac-
tivate) during suctioning or removal from the ventilator, but 
you must reactivate them before leaving the patient’s bedside.

Ventilator malfunction may also occur due to several factors. 
Although most institutions have emergency generators in the 
event of a power failure and newer ventilators may have battery 
backup, power failure is always a possibility. Have a plan for 
manually ventilating all patients who depend on a ventilator. If, 
at any time, you determine that the ventilator is malfunctioning 
(e.g., failure of O2 supply), disconnect the patient from the 
machine and manually ventilate with a BVM and 100% O2 until 
the ventilator is fixed or replaced.

Nutritional Therapy: Patient Receiving Positive  
Pressure Ventilation
PPV and the hypermetabolism associated with critical illness 
can contribute to inadequate nutrition. The presence of an ET 
tube eliminates the normal route for eating. Patients with a 
tracheostomy may be able to eat normally once the stoma heals. 
Swallowing studies and a consultation with a speech therapist 
are done to assess the patient’s readiness. When eating with a 
tracheostomy tube in place, the patient should tilt the head 
slightly forward to facilitate swallowing and to prevent aspira-
tion. Diet may be restricted to soft foods (e.g., puddings, ice 
cream) and thickened liquids.

Patients unlikely to be able to eat for 3 to 5 days should have 
a nutritional assessment and enteral feeding started within 24 
to 48 hours of admission.5 Inadequate nutrition makes the 
patient receiving prolonged mechanical ventilation prone to 
poor O2 transport secondary to anemia and to poor tolerance 
of minimal exercise. Critically ill patients have frequent inter-
ruptions of enteral feedings because of problems with residuals, 
transportation to and during procedures, and routine nursing 
care. Poor nutrition and the disuse of respiratory muscles con-
tribute to decreased respiratory muscle strength. In addition, 
critical illness, trauma, and surgery are associated with hyper-
metabolism, anxiety, pain, and increased WOB, which greatly 
increase caloric expenditure. Serum protein levels (e.g., albumin, 
prealbumin, transferrin, total protein) are usually decreased. 
Inadequate nutrition can delay weaning, decrease resistance to 
infection, and slow down recovery. Enteral gastric or small 
bowel feeding is the preferred method to meet caloric needs of 
ventilated patients (see Chapter 40 for discussion of enteral 
feeding).

Verification of feeding tube placement includes (1) x-ray 
confirmation before initial use, (2) marking and ongoing assess-
ment of the tube’s exit site, and (3) ongoing review of routine 
x-rays and aspirate.48 The auscultatory method of assessment 
(i.e., listening for air after injection) is not a reliable method for 
verifying the placement of feeding tubes.

A concern regarding the nutritional support of patients 
receiving PPV is the carbohydrate content of the diet. Metabo-
lism of carbohydrates may increase the serum CO2 levels. This 

DELEGATION DECISIONS
Caring for the Patient Requiring  
Mechanical Ventilation

In	the	critically	ill	patient	who	requires	mechanical	ventilation	the	regis-
tered	nurse	(RN)	provides	most	of	the	care.	Some	patients	who	require	
chronic	mechanical	ventilation	may	be	 in	 long-term	care	settings	or	at	
home.	In	these	settings,	the	RN	assesses	the	patient	and	plans	and	eval-
uates	care,	but	implementation	of	some	activities	may	be	delegated.

Role of Registered Nurse (RN)
•	 Auscultate	 breath	 sounds	 and	 respiratory	 effort,	 assessing	 for	

decreased	ventilation	or	adventitious	sounds.
•	 Monitor	ventilator	settings	and	alarms.
•	 Maintain	appropriate	cuff	inflation	on	endotracheal	(ET)	tube.
•	 Develop	plan	for	communication	with	the	patient	who	has	a	trache-

ostomy	or	an	ET	tube.
•	 Administer	 sedatives,	 analgesics,	 and	 paralytic	 medications	 as	

needed.
•	 Determine	 need	 for	 ET	 tube	 suctioning.	 Implement	 suctioning	 for	

unstable	patients.
•	 Reposition	and	secure	ET	tube	(may	delegate	to	respiratory	therapist,	

depending	on	agency	policy).
•	 Teach	patient	and	caregiver	about	mechanical	ventilation	and	weaning	

procedures.
•	 Monitor	 oxygenation	 level	 and	 signs	 of	 respiratory	 fatigue	 during	

weaning	procedure.

Role of Licensed Practical/Vocational Nurse (LPN/LVN)
•	 Suction	 tracheostomy	or	ET	 tube	 for	stable	patients	as	directed	by	

RN	(after	being	educated	and	evaluated	in	this	procedure).
•	 Administer	 routinely	 scheduled	 medications	 (consider	 state	 Nurse	

Practice	Act	and	agency	policy	for	IV	medications).
•	 Assist	 RN	 or	 respiratory	 therapist	 with	 repositioning	 and	 securing		

ET	tube.
•	 Administer	enteral	nutrition	to	stable	patients	as	directed	by	RN.

Role of Unlicensed Assistive Personnel (UAP)
•	 Obtain	vital	signs	and	report	these	to	RN.
•	 Perform	bedside	glucose	testing,	if	needed.
•	 Provide	 personal	 hygiene	 and	 skin	 care	 and	 oral	 care	 (after	 being	

taught	and	evaluated	in	this	procedure).
•	 Assist	 with	 frequent	 position	 changes,	 including	 ambulation,	 as	

directed	by	the	RN.
•	 Perform	passive	or	assisted	range-of-motion	exercises.
•	 Measure	urine	output	and	report	information	to	RN.
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drugs should be titrated to achieve comfort without causing 
excessive drowsiness.

A spontaneous breathing trial (SBT) is recommended in 
patients who demonstrate weaning readiness.51 An SBT should 
be at least 30 minutes but no more than 120 minutes. It may be 
done with low levels of CPAP, low levels of PSV, or a T piece. 
Tolerance of the trial may lead to extubation. Failure to tolerate 
an SBT should prompt a search for reversible or complicating 
factors and a return to a nonfatiguing ventilator modality for 
the patient. The SBT should be reattempted the next day.

The use of a weaning protocol decreases ventilator days (see 
eFig. 66-7, available on the website for this chapter). The parts of 
a protocol are not as important as the use of a protocol to prevent 
delays in weaning. The patient receiving SIMV can have the ven-
tilator breaths gradually reduced as his or her ventilatory status 
permits. CPAP or PSV can be added to SIMV. PSV is thought to 

Weaning generally consists of three phases: the preweaning 
phase, the weaning process, and the outcome phase. The pre-
weaning or assessment phase determines the patient’s ability to 
breathe spontaneously. Assessment in this phase depends on a 
combination of respiratory (Table 66-13) and nonrespiratory 
factors. Weaning assessment parameters should include criteria 
to assess muscle strength (negative inspiratory force) and 
endurance (spontaneous VT, vital capacity, minute ventilation, 
and rapid shallow breathing index). In addition, the patient’s 
lungs should be reasonably clear on auscultation and chest 
x-ray. Nonrespiratory factors include the patient’s neurologic 
status; hemodynamics; fluid, electrolytes, and acid-base balance; 
nutrition; and hemoglobin. It is important to have an alert, well-
rested, and well-informed patient relatively free from pain and 
anxiety who can cooperate with the weaning plan. This does not 
mean complete withdrawal from sedatives or analgesics. Instead, 

TABLE 66-13 INDICATORS FOR WEANING

Weaning Readiness
Patients	receiving	mechanical	ventilation	for	respiratory	failure	should	undergo	a	formal	assessment	of	weaning	potential	if	the	following	are	

satisfied:*
1.	Reversal	of	the	underlying	cause	of	respiratory	failure
2.	Adequate	oxygenation

•	 PaO2/FIO2	>150-200
•	 SpO2	≥90%
•	 PEEP	≤5-8	cm	H2O
•	 FIO2	≤40%-50%
•	 pH	≥7.25

Weaning Assessment

Measurement Significance Normal Values Indices for Weaning
Spontaneous respiratory rate (f) Respiratory	rate/frequency	over	1	min. 12-20	min <35	min
Spontaneous tidal volume (VT) Amount	of	air	exchanged	during	normal	breathing	at	rest.	

Measure	of	muscle	endurance.
7-9	mL/kg ≥5	mL/kg

Minute ventilation (VE) Tidal	volume	multiplied	by	respiratory	rate	over	1	min.
For example:	0.350	(VT)	×	28	(f)	=	9.8	L/min

5-10	L/min ≤10	L/min

Negative inspiratory force or 
pressure (NIF, NIP)

Amount	of	negative	pressure	that	a	patient	is	able	to	
generate	to	initiate	spontaneous	respirations.

Measured	by	clinician:	After	complete	occlusion	of	inspiratory	
valve,	a	pressure	manometer	is	attached	to	airway	or	mouth	
for	10-20	sec	while	negative	inspiratory	efforts	are	noted.

−75	to	−100	cm	H2O >−20	cm	H2O
The	more	negative		

the	number,	the	
better	indication		
for	weaning.

Positive expiratory pressure 
(PEP)

Measure	of	expiratory	muscle	strength	and	ability	to	cough.
Measured	by	clinician:	After	complete	occlusion	of	expiratory	

valve,	a	pressure	manometer	is	attached	to	the	airway	or	
mouth	for	10-20	sec	while	positive	expiratory	efforts	are	
noted.

60-85	cm	H2O ≥30	cm	H2O

Compliance, rate, oxygenation, 
and pressure (CROP) index

Combined	index	that	is	complex	to	calculate.
CDyn	×	NIF	×	(PaO2/PAO2)/f
CDyn	=	Compliance
PaO2/PAO2	=	Oxygenation	ratio	of	arterial	O2/alveolar	O2

Not	applicable >13

Rapid shallow breathing index 
(f/VT)

Spontaneous	respiratory	rate	over	1	min	divided	by	tidal	
volume	(in	liters).

For example:
30	(f)/0.400	(VT)	=	75/L

60-105/L <105/L

Vital capacity (VC) Maximum	inspiration	and	then	measurement	of	air	during	
maximal	forced	expiration.	Measure	of	respiratory	muscle	
endurance	or	reserve	or	both.	Requires	patient	cooperation.

65-75	mL/kg ≥10-15	mL/kg

Spontaneous breathing trial 
(SBT)

If	patient	passes	daily	weaning	screen,	assess	patient	during	
spontaneous	breathing	with	little	or	no	ventilator	assistance.	
Trial	should	be	at	least	30	min	to	a	maximum	of	120	min.

Successful	completion	
of	trial	is	based	on		
an	integrated	patient	
assessment.

Adapted	from	A	Collective	Task	Force	Facilitated	by	the	American	College	of	Chest	Physicians,	the	American	Association	for	Respiratory	Care,	and	the	American	College	of	Critical	
Care	Medicine.	Evidence-based	guidelines	for	weaning	and	discontinuing	ventilatory	support.	Respiratory	Care	47:69,	2002;	and	Burns	SM:	Weaning	process.	In	Wiegand	DL-M,	
editor:	AACN procedure manual for critical care,	ed	6,	St	Louis	2011,	Saunders.
*The	decision	to	use	these	criteria	must	be	individualized	to	the	patient.

3.	Hemodynamic	stability
•	 Absence	of	myocardial	ischemia
•	 Absence	of	clinically	significant	hypotension	(no	vasopressor	

therapy	or	low	dose)
4.	Patient	ability	to	initiate	an	inspiratory	effort
5.	Optional	criteria

•	 Hemoglobin	≥7-10	mg/dL
•	 Core	temperature	≤38°	(100.4°	F)	to	38.5°	C	(101.3°	F)
•	 Mental	status	awake	and	alert	or	easily	arousable
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provide gentle, slow respiratory muscle conditioning. It may be 
especially beneficial for patients who are deconditioned or have 
heart problems. Some patients may be weaned by simply provid-
ing humidified oxygen (T-piece or flow-by method).

Weaning may be tried at any time of day, although it is 
usually done during the day, with the patient ventilated at night 
in a rest mode. The rest mode should be a stable, nonfatiguing, 
and comfortable form of support for the patient. Regardless of 
the weaning mode selected, all health care team members 
should be familiar with the weaning plan. Additionally, it is 
important to permit the patient’s respiratory muscles to rest 
between weaning trials. Once the respiratory muscles become 
fatigued, they may require 12 to 24 hours to recover.

The patient being weaned and the caregiver need ongoing 
emotional support. Explain the weaning process to them and 
keep them informed of progress. Place the patient in a comfort-
able sitting or semirecumbent position. Obtain baseline vital 
signs and respiratory parameters. During the weaning trial, 
closely monitor the patient for signs and symptoms that may 
signal intolerance and a need to end the trial (e.g., tachypnea, 
dyspnea, tachycardia, dysrhythmias, sustained desaturation 
[SpO2 less than 91%], hypertension or hypotension, agitation, 
diaphoresis, anxiety, sustained VT less than 5 mL/kg, changes in 
mentation). Document the patient’s tolerance throughout the 
weaning process and include statements regarding the patient’s 
and the caregiver’s perceptions.

The weaning outcome phase is the period when the patient 
is extubated or weaning is stopped because no further progress 
is being made. The patient who is ready for extubation should 
receive hyperoxygenation and suctioning (e.g., oropharynx, ET 
tube). Instruct the patient to take a deep breath, and at the peak 
of inspiration, deflate the cuff and remove the tube in one mo-
tion. After removal, encourage the patient to deep breathe and 
cough, and suction the oropharynx as needed. Administer sup-
plemental O2 and provide naso-oral care. Carefully monitor the 
patient’s vital signs, respiratory status, and oxygenation imme-
diately after extubation, within 1 hour, and per institution policy. 
If the patient does not tolerate extubation, immediate reintuba-
tion or a trial of noninvasive ventilation may be necessary.

Chronic Mechanical Ventilation
Mechanical ventilators are no longer limited to the ICU but are 
now a part of long-term and home care. In some instances, 
terminally ill, ventilated patients may be discharged to hospice. 
The emphasis on controlling hospital costs has increased the 
early discharge of patients and the need to provide highly tech-
nical care such as mechanical ventilation in home settings.52 The 
success of home mechanical ventilation depends, in part, on 
careful predischarge assessment and planning for both the 
patient and caregivers.

Both negative pressure and positive pressure ventilators are 
used in the home. Negative pressure ventilators do not require 
an artificial airway and are less complicated to use. Several types 
of small, portable (battery-powered) positive pressure ventila-
tors are available and can be attached to a wheelchair or placed 
on a bedside table. Settings and alarms on these ventilators are 
simpler to use than on the standard ICU ventilators.

Home mechanical ventilation has advantages and disadvan-
tages. Having the patient in the home eliminates the strain that 
the hospital setting imposes on family dynamics. Caregivers’ 
feelings of helplessness when they first hear about the necessity 
for long-term mechanical ventilation is frequently balanced by 
the opportunity to participate in the patient’s care in the home 

setting. At home the patient may be able to take part in more 
activities of daily living around an individualized schedule and, 
because of the smaller size of the home ventilator, be more 
mobile. Another advantage of home mechanical ventilation is 
the reduced risk of HAIs.

Disadvantages of home mechanical ventilation include prob-
lems related to equipment, reimbursement, caregiver stress and 
fatigue, and the patient’s complex needs. Ventilated patients are 
usually dependent, requiring extensive nursing care, at least 
initially. Disposable products may not be reimbursable. Finan-
cial resources must be carefully assessed when arranging home 
mechanical ventilation. Schedule a meeting with the discharge 
team before initiating a teaching plan for discharge.

Another disadvantage of home mechanical ventilation is its 
potential impact on the family. Caregivers may seem enthusias-
tic about caring for their loved one in the home but may be 
motivated by numerous, complex factors. They may not under-
stand the sacrifices they may have to make financially and in 
personal time and commitment. Encourage caregivers to con-
sider respite care to periodically relieve their stress and fatigue.

NURSING MANAGEMENT 
MECHANICAL VENTILATION

eNursing Care Plan 66-1 for the patient receiving mechanical 
ventilation is available on the website for this chapter.

OTHER CRITICAL CARE CONTENT

Table 66-14 lists additional critical care content presented in 
other chapters of this book.

TABLE 66-14 CROSS-REFERENCES TO 
CRITICAL CARE CONTENT

Topic
Discussed 
in Chapter

Acute	coronary	syndrome 34
Acute	heart	failure 35
Acute	respiratory	distress	syndrome	(ARDS) 68
Acute	respiratory	failure 68
Basic	life	support	and	CPR Appendix	A
Burns 25
Cardiac	dysrhythmias 36
Cardiac	pacemakers 36
Cardiac	surgery 34
Central	venous	access	device	(CVAD) 17
Continuous	renal	replacement	therapy	(CRRT) 47
Delirium 60
Emergencies 69
End-of-life	(EOL)	care 10
Enteral	nutrition	(EN) 40
Head	injury,	including	ICP	monitoring 57
Multiple	organ	dysfunction	syndrome	(MODS) 67
Myocardial	infarction	(MI) 34
Oxygen	delivery 29
Pain	management 9
Parenteral	nutrition	(PN) 40
Pulmonary	edema 35
Renal	dialysis 47
Shock 67
Stroke 58
Systemic	inflammatory	response	syndrome	(SIRS) 67
Tracheostomy 27
Trauma 69

CPR,	Cardiopulmonary	resuscitation;	ICP,	intracranial	pressure.
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CASE STUDY
Critical Care and Mechanical Ventilation

Patient Profile
R.K.	 is	a	72-yr-old	white	man	who	collapsed	on	 the	
street.	 He	 was	 unresponsive	 on	 admission	 and	
remains	unresponsive.	He	has	an	oral	ET	tube	in	place	
and	 is	 receiving	 mechanical	 ventilation.	 He	 weighs	
198	lb	 (90	kg).	 A	 subclavian	 central	 line	 was	 placed	
to	monitor	CVP	and	administer	fluids.

Subjective Data
None.	Patient	is	unresponsive	to	painful	stimuli.

Objective Data
Physical Examination
•	 Noninvasive	BP	100/75	mm	Hg;	heart	rate	128	(atrial	fibrillation	with	a	

rapid	ventricular	response);	temperature	102°	F	(38.8°	C);	SpO2	is	98%
•	 Purulent	secretions	from	ET	tube
•	 Breath	sounds:	rhonchi	bilaterally,	decreased	breath	sounds	on	the	right

Diagnostic Studies
•	 Chest	x-ray	reveals	right	lower	lung	consolidation
•	 ABGs:	pH	7.48;	PaO2	94	mm	Hg;	PaCO2	30	mm	Hg;	HCO3	34	mEq/L
•	 CT	scan	is	positive	for	massive	hemorrhagic	stroke

Collaborative Care
•	 Positive	pressure	ventilation	settings:	assist-control	mode
•	 Settings:	FIO2	70%,	VT	700	mL,	respiratory	rate	16	breaths/min,	PEEP	

5	cm	H2O
•	 Enteral	feeding	at	25	mL/hr	via	small-bore	nasogastric	feeding	tube
•	 External	condom	catheter	for	urinary	drainage
•	 HOB	elevated	at	40	degrees

•	 Reposition	every	2	hr
•	 Azithromycin	(Zithromax)	500	mg	IV	q24hr
•	 Cefotaxime	(Claforan)	2	g	IV	q6hr
•	 D5NS	with	KCl	20	mEq/L	at	100	mL/hr

Discussion Questions
1.	 Identify	two	reasons	for	 intubating	and	providing	mechanical	ventila-

tion	for	R.K.
2.	What	do	R.K.’s	ABGs	indicate,	and	which	ventilator	setting(s)	should	

be	changed?
3.	What	is	his	PaO2/FIO2	ratio,	and	what	does	it	indicate?
4.	R.K.’s	BP	drops	to	80	mm	Hg.	Despite	increasing	doses	of	vasopres-

sors	and	fluid	challenges,	his	BP	remains	low.	A	central	venous	cath-
eter	and	an	arterial	line	are	inserted.	APCO	monitoring	is	started.	What	
would	be	the	purpose	of	hemodynamic	monitoring	in	this	patient?

5.	Priority Decision:	What	are	two	priority	nursing	considerations	for	a	
patient	with	invasive	monitoring?

6.	R.K.’s	 pulmonary	 condition	 deteriorates.	 PaO2	 drops	 to	 70	mm	Hg,	
and	SpO2	is	89%.	PEEP	is	increased	to	7.5	cm	H2O.	What	implications	
does	this	have	for	R.K.	given	his	hemodynamic	status?

7.	Priority Decision:	Based	on	the	data	presented,	what	are	the	priority	
nursing	diagnoses?	Are	there	any	collaborative	problems?

8.	Delegation Decision:	What	patient	care	activities	can	you	delegate	
to	unlicensed	assistive	personnel?

9.	Evidence-Based Practice:	 R.K.’s	 family	 wants	 to	 know	 why	 he	 is	
getting	 tube	 feedings.	What	would	you	 tell	 the	 family?	What	 is	 the	
evidence	to	support	the	use	of	tube	feedings?

10.	After	 4	 days,	 R.K.	 remains	 unresponsive	 and	 has	 developed	 renal	
failure.	 The	 physician	 believes	 the	 patient	 will	 not	 recover	 from	 his	
neurologic	injury	and	wishes	to	discuss	goals	of	care	with	the	patient’s	
caregiver.	What	would	be	your	role	in	this	meeting?

	 Answers	available	at	http://evolve.elsevier.com/Lewis/medsurg.

iStockphoto/Thinkstock

The number of the question corresponds to the same-numbered 
outcome at the beginning of the chapter.
1. Certification in critical care nursing (CCRN) by the American 

Association of Critical-Care Nurses indicates that the nurse
a. is an advanced practice nurse who cares for acutely and critically 

ill patients.
b. may practice independently to provide symptom management 

for the critically ill.
c. has earned a master’s degree in the field of advanced acute and 

critical care nursing.
d. has practiced in critical care and successfully completed a test of 

critical care knowledge.
2. What are the appropriate nursing interventions for the patient with 

delirium in the ICU (select all that apply)?
a. Use clocks and calendars to maintain orientation.
b. Encourage round-the-clock presence of caregivers at the bedside.
c. Sedate the patient with appropriate drugs to protect the patient 

from harmful behaviors.
d. Silence all alarms, reduce overhead paging, and avoid conversa-

tions around the patient.
e. Identify physiologic factors that may be contributing to the 

patient’s confusion and irritability.

3. The critical care nurse recognizes that an ideal plan for caregiver 
involvement includes
a. a caregiver at the bedside at all times.
b. allowing caregivers at the bedside at preset, brief intervals.
c. an individually devised plan to involve caregivers with care and 

comfort measures.
d. restriction of visiting in the ICU because the environment is 

overwhelming to caregivers.
4. To establish hemodynamic monitoring for a patient, the nurse zeros 

the
a. cardiac output monitoring system to the level of the left 

ventricle.
b. pressure monitoring system to the level of the catheter tip 

located in the patient.
c. pressure monitoring system to the level of the atrium, identified 

as the phlebostatic axis.
d. pressure monitoring system to the level of the atrium, identified 

as the midclavicular line.

B R I D G E  T O  N C L E X  E X A M I N A T I O N
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5. The hemodynamic changes the nurse expects to find after success-
ful initiation of intraaortic balloon pump therapy in a patient with 
cardiogenic shock include (select all that apply)
a. decreased SV.
b. decreased SVR.
c. decreased PAWP.
d. increased diastolic BP.
e. decreased myocardial oxygen consumption.

6. The purpose of adding PEEP to positive pressure ventilation is to
a. increase functional residual capacity and improve oxygenation.
b. increase FIO2 in an attempt to wean the patient and avoid O2 

toxicity.
c. determine if the patient is in synchrony with the ventilator or 

needs to be paralyzed.
d. determine if the patient is able to be weaned and avoid the risk 

of pneumomediastinum.
7. The nursing management of a patient with an artificial airway 

includes
a. maintaining ET tube cuff pressure at 30 cm H2O.
b. routine suctioning of the tube at least every 2 hours.
c. observing for cardiac dysrhythmias during suctioning.
d. preventing tube dislodgment by limiting mouth care to lubrica-

tion of the lips.

8. The nurse monitors the patient with positive pressure mechanical 
ventilation for
a. paralytic ileus because pressure on the abdominal contents 

affects bowel motility.
b. diuresis and sodium depletion because of increased release of 

atrial natriuretic peptide.
c. signs of cardiovascular insufficiency because pressure in the 

chest impedes venous return.
d. respiratory acidosis in a patient with COPD because of alveolar 

hyperventilation and increased PaO2 levels.

 
For rationales to these answers and even more NCLEX review ques-
tions, visit http://evolve.elsevier.com/Lewis/medsurg.
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Nursing Management
Shock, Systemic Inflammatory  

Response Syndrome, and  
Multiple Organ Dysfunction Syndrome

Maureen A. Seckel

Once you choose hope, anything’s possible.
Christopher Reeve

L E A R N I N G  O U T C O M E S
1.	 Relate	the	pathophysiology	to	the	clinical	manifestations	of	the	

different	types	of	shock:	cardiogenic,	hypovolemic,	distributive,	and	
obstructive.

2.	 Compare	the	effects	of	shock,	systemic	inflammatory	response	
syndrome,	and	multiple	organ	dysfunction	syndrome	on	the	major	
body	systems.

3.	 Compare	the	collaborative	care,	drug	therapy,	and	nursing	
management	of	patients	experiencing	different	types	of	shock.

4.	 Describe	the	nursing	management	of	a	patient	experiencing	multiple	
organ	dysfunction	syndrome.

K E Y  T E R M S
anaphylactic shock, p. 1636
cardiogenic shock, p. 1633
hypovolemic shock, p. 1633
multiple organ dysfunction syndrome 

(MODS), p. 1649

neurogenic shock, p. 1634
obstructive shock, p. 1637
sepsis, p. 1636
septic shock, p. 1636

shock, p. 1631
systemic inflammatory response syndrome 

(SIRS), p. 1649

Shock, systemic inflammatory response syndrome (SIRS), and 
multiple organ dysfunction syndrome (MODS) are serious 
and interrelated problems (Fig. 67-1). This chapter provides 
an overview of the different types of shock, SIRS, and MODS, 
and the related management of each.

SHOCK

Shock is a syndrome characterized by decreased tissue per-
fusion and impaired cellular metabolism. This results in an 

imbalance between the supply of and demand for oxygen and 
nutrients. The exchange of oxygen and nutrients at the cellular 
level is essential to life. When cells experience hypoperfusion, 
the demand for oxygen and nutrients exceeds the supply at the 
microcirculatory level.

Classification of Shock
The four main categories of shock are cardiogenic, hypovole-
mic, distributive, and obstructive1,2 (Table 67-1). Although the 
cause, initial presentation, and management strategies vary  

Reviewed by Lori Godaire, RN-BC, MS, CCRN, CNL, Clinical Nurse Leader, Critical Care Services, William W. Backus Hospital, Norwich, 
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FIG. 67-1	 Relationship	of	shock,	systemic	inflammatory	response	syndrome,	and	multiple	organ	dysfunction	syn-
drome.	CNS,	Central	nervous	system.	(See	Table	67-1	for	causes	of	shock	states.)	

Multiple Organ Dysfunction Syndrome (MODS)
 Target organs 

• Mediator excess: cytokines (e.g., tumor necrosis
   factor, interleukins), oxygen free radicals, etc.
• Widespread endothelial injury and dysfunction
• Vasodilation and increased capillary permeability
• Tissue edema
• Neutrophil entrapment in microcirculation

Systemic Inflammatory
Response Syndrome (SIRS)

• Distributive shock

• Obstructive shock

• Absolute hypovolemia
• Relative hypovolemia

• Neurogenic shock
• Anaphylactic shock
• Septic shock

Shock*

Cardiovascular
dysfunction

Gastrointestinal
dysfunction

Lung
dysfunction

Liver
dysfunction

CNS
dysfunction

Renal
dysfunction

Skin
dysfunction

• Cardiogenic shock
• Hypovolemic shock

TABLE 67-1 CLASSIFICATION OF SHOCK STATES

Types and Causes Examples
Cardiogenic Shock
•	 Systolic	dysfunction:	

inability	of	the	heart	to	
pump	blood	forward

Myocardial	infarction,	cardiomyopathy,	
blunt	cardiac	injury,	severe	systemic	or	
pulmonary	hypertension,	myocardial	
depression	from	metabolic	problems

•	 Diastolic	dysfunction:	
inability	of	the	heart	to	fill

Cardiac	tamponade,	ventricular	
hypertrophy,	cardiomyopathy

•	 Dysrhythmias Bradydysrhythmias,	tachydysrhythmias
•	 Structural	factors Valvular	stenosis	or	regurgitation,	

ventricular	septal	rupture,	tension	
pneumothorax

Hypovolemic Shock
Absolute Hypovolemia
•	 External	loss	of	whole	

blood
Hemorrhage	from	trauma,	surgery,	GI	

bleeding
•	 Loss	of	other	body	fluids Vomiting,	diarrhea,	excessive	diuresis,	

diabetes	insipidus,	diabetes	mellitus

Relative Hypovolemia
•	 Pooling	of	blood	or	fluids Bowel	obstruction
•	 Fluid	shifts Burn	injuries,	ascites
•	 Internal	bleeding Fracture	of	long	bones,	ruptured	spleen,	

hemothorax,	severe	pancreatitis
•	 Massive	vasodilation Sepsis

Types and Causes Examples
Distributive Shock
Neurogenic Shock
•	 Hemodynamic	

consequence	of	spinal	
cord	injury	and/or	disease	
at	or	above	T5

•	 Spinal	anesthesia
•	 Vasomotor	center	

depression

Severe	pain,	drugs,	hypoglycemia,	injury

Anaphylactic Shock
•	 Hypersensitivity	(allergic)	

reaction	to	a	sensitizing	
substance

Contrast	media,	blood	or	blood	products,	
drugs,	insect	bites,	anesthetic	agents,	
food	or	food	additives,	vaccines,	
environmental	agents,	latex

Septic Shock
•	 Infection Pneumonia,	peritonitis,	urinary	tract,	

invasive	procedures,	indwelling	lines	
and	catheters

•	 At-risk	patients Older	adults,	patients	with	chronic	
diseases	(e.g.,	diabetes	mellitus,	
chronic	kidney	disease,	heart	failure),	
patients	receiving	immunosuppressive	
therapy	or	who	are	malnourished	or	
debilitated

Obstructive Shock
•	 Physical	obstruction	

impeding	the	filling	or	
outflow	of	blood	resulting	
in	reduced	cardiac	output

Cardiac	tamponade,	tension	
pneumothorax,	superior	vena	cava	
syndrome,	abdominal	compartment	
syndrome,	pulmonary	embolism
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for each type of shock, the physiologic responses of the cells to 
hypoperfusion are similar.

Cardiogenic Shock. Cardiogenic shock occurs when either 
systolic or diastolic dysfunction of the heart’s pumping action 
results in reduced cardiac output (CO). Causes of cardiogenic 
shock are listed in Table 67-1. Mortality rates for patients with 
cardiogenic shock approach 60%.3 Decreased filling of the heart 
results in decreased stroke volume.

The heart’s inability to pump the blood forward is called 
systolic dysfunction. Systolic dysfunction primarily affects the 
left ventricle, since systolic pressure is greater on the left side of 
the heart. When systolic dysfunction affects the right side of the 
heart, blood flow through the pulmonary circulation is reduced. 
The most common cause of systolic dysfunction is acute myo-
cardial infarction (MI). Cardiogenic shock is the leading cause 
of death from acute MI.4 Causes of diastolic dysfunction are 
listed in Table 67-1.

Fig. 67-2 describes the pathophysiology of cardiogenic 
shock. Whether the initiating event is myocardial ischemia, a 
structural problem (e.g., valvular disorder, ventricular septal 
rupture), or dysrhythmias, the physiologic responses are similar: 
the patient experiences impaired tissue perfusion and cellular 
metabolism.

The early clinical presentation of a patient with cardiogenic 
shock is similar to that of a patient with acute decompensated 
heart failure (see Chapter 35). The patient may have tachycardia 
and hypotension. Pulse pressure may be narrowed due to the 
heart’s inability to pump blood forward during systole and 
increased volume during diastole. An increase in systemic vas-
cular resistance (SVR) increases the workload of the heart, thus 

FIG. 67-2	 The	pathophysiology	of	cardiogenic	shock.	
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increasing the myocardial oxygen consumption. The heart’s 
inability to pump blood forward also results in a low CO (less 
than 4 L/minute) and cardiac index (less than 2.5 L/min/m2).

On assessment, the patient is tachypneic and has crackles on 
auscultation of breath sounds because of pulmonary conges-
tion. The hemodynamic profile demonstrates an increase in the 
pulmonary artery wedge pressure (PAWP), stroke volume vari-
ation (SVV), and pulmonary vascular resistance.

Signs of peripheral hypoperfusion (e.g., cyanosis, pallor, dia-
phoresis, weak peripheral pulses, cool and clammy skin, delayed 
capillary refill) are seen. Decreased renal blood flow results  
in sodium and water retention and decreased urine output. 
Anxiety, confusion, and agitation may develop as cerebral per-
fusion is impaired. Tables 67-2 and 67-3 describe the laboratory 
findings and clinical presentation of a patient with cardiogenic 
shock.

Hypovolemic Shock. Hypovolemic shock occurs after a loss 
of intravascular fluid volume (see Table 67-1). The volume is 
inadequate to fill the vascular space. The volume loss may be 
either an absolute or a relative volume loss. Absolute hypovole-
mia results when fluid is lost through hemorrhage, gastro-
intestinal (GI) loss (e.g., vomiting, diarrhea), fistula drainage, 
diabetes insipidus, or diuresis. In relative hypovolemia, fluid 
volume moves out of the vascular space into the extravascular 
space (e.g., intracavitary space). This type of fluid shift is  
called third spacing. One example of relative volume loss is 
leakage of fluid from the vascular space to the interstitial space 
from increased capillary permeability, as seen in burns (see 
Chapter 25).

In hypovolemic shock the size of the vascular compart-
ment remains unchanged while the volume of blood or 
plasma decreases. Whether the loss of intravascular volume is 
absolute or relative, the physiologic consequences are similar. 
A reduction in intravascular volume results in a decreased 
venous return to the heart, decreased preload, decreased 
stroke volume, and decreased CO. A cascade of events results 
in decreased tissue perfusion and impaired cellular metabo-
lism, the hallmarks of shock (Fig. 67-3).

The patient’s response to acute volume loss depends on a 
number of factors, including extent of injury, age, and general 
state of health. However, the clinical presentation of hypovole-
mic shock is consistent (see Table 67-3). An overall assessment 
of physiologic reserves may indicate the patient’s ability to com-
pensate. A patient may compensate for a loss of up to 15% of 
the total blood volume (approximately 750 mL). Further loss of 
volume (15% to 30%) results in a sympathetic nervous system 
(SNS)–mediated response. This response results in an increase 
in heart rate, CO, and respiratory rate and depth. The stroke 
volume, central venous pressure (CVP), and PAWP are 
decreased because of the decreased circulating blood volume.

The patient may appear anxious, and urine output begins  
to decrease. If hypovolemia is corrected by crystalloid fluid 
replacement at this time, tissue dysfunction is generally revers-
ible. If volume loss is greater than 30%, compensatory mecha-
nisms may begin to fail and immediate replacement with blood 
products should be started. Loss of autoregulation in the micro-
circulation and irreversible tissue destruction occur with loss of 
more than 40% of the total blood volume.5,6 Common labora-
tory studies and assessments that are done include serial mea-
surements of hemoglobin and hematocrit levels, electrolytes, 
lactate, blood gases, mixed central venous oxygen saturation 
(SvO2), and hourly urine outputs (see Table 67-2).
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TABLE 67-2 DIAGNOSTIC STUDIES 
Laboratory Changes in Shock

ALT,	Alanine	aminotransferase;	AST,	aspartate	aminotransferase;	BUN,	blood	urea	nitrogen;	DIC,	disseminated	intravascular	coagulation;	GGT,	γ-glutamyl	transferase;	
INR,	international	normalized	ratio;	PT,	prothrombin	time;	PTT,	partial	thromboplastin	time.

Laboratory 
Study Finding Significance of Finding
Red blood cells
RBC	count,	

hematocrit,	
hemoglobin

Normal Remains	within	normal	limits	in	
shock	because	of	relative	
hypovolemia	and	pump	failure	
and	in	hemorrhagic	shock	before	
fluid	resuscitation.

↓ Hemorrhagic	shock	after	fluid	
resuscitation	when	fluids	other	
than	blood	are	used.

↑ Nonhemorrhagic	shock	caused	by	
actual	hypovolemia	and	
hemoconcentration.

White blood cells
WBC	count,	bands ↑ Infection,	septic	shock.
DIC screen Acute	DIC	can	develop	within	

hours	to	days	after	an	initial	
assault	on	the	body	(e.g.,	shock).

•	 Fibrin	split	
products	(FSP)

↑

•	 Fibrinogen	level ↓
•	 Platelet	count ↓
•	 PTT	and	PT ↑
•	 INR ↑
•	 Thrombin	time ↑
•	 D-dimer ↑
Creatine kinase ↑ Trauma,	myocardial	infarction	in	

response	to	cellular	damage	and/
or	hypoxia.

Troponin ↑ Increases	in	myocardial	infarction.
BUN ↑ Indicates	impaired	kidney	function	

caused	by	hypoperfusion	as	a	
result	of	severe	vasoconstriction,	
or	occurs	secondary	to	
catabolism	of	cells	(e.g.,	trauma,	
infection).

Creatinine ↑ Indicates	impaired	kidney	function	
caused	by	hypoperfusion	as	a	
result	of	severe	vasoconstriction.	
Is	more	sensitive	indicator	of	
renal	function	than	BUN.

Glucose ↑ Found	in	early	shock	because	of	
release	of	liver	glycogen	stores	in	
response	to	sympathetic	nervous	
system	stimulation	and	cortisol.	
Insulin	insensitivity	develops.

↓ Occurs	because	of	depleted	
glycogen	stores	with	
hepatocellular	dysfunction	
possible	as	shock	progresses.

Laboratory 
Study Finding Significance of Finding
Serum 

electrolytes
•	 Sodium ↑ Found	in	early	shock	because	of	

increased	secretion	of	
aldosterone,	causing	renal	
retention	of	sodium.

↓ May	occur	iatrogenically	when	
excess	hypotonic	fluid	is	
administered	after	fluid	loss.

•	 Potassium ↑ Results	when	cellular	death	
liberates	intracellular	potassium.	
Also	occurs	in	acute	kidney	injury	
and	acidosis.

↓ Found	in	early	shock	because	of	
increased	secretion	of	
aldosterone,	causing	renal	
excretion	of	potassium.

Arterial blood 
gases

Respiratory	
alkalosis

Found	in	early	shock	secondary	to	
hyperventilation.

Metabolic	
acidosis

Occurs	later	in	shock	when	lactate	
accumulates	in	blood	from	
anaerobic	metabolism.

Base deficit >−6 Indicates	acid	production	
secondary	to	hypoxia.

Blood cultures Growth	of	
organisms

May	grow	organisms	in	patients	
who	are	in	septic	shock.

Lactate level ↑ Usually	increases	once	significant	
hypoperfusion	and	impaired	
oxygen	utilization	at	the	cellular	
level	have	occurred.	By-product	
of	anaerobic	metabolism.

Liver enzymes 
(ALT, AST, 
GGT)

↑ Elevations	indicate	liver	cell	
destruction	in	progressive	stage	
of	shock.

Distributive Shock
Neurogenic Shock. Neurogenic shock is a hemodynamic 

phenomenon that can occur within 30 minutes of a spinal cord 
injury at the fifth thoracic (T5) vertebra or above; it can last up 
to 6 weeks. The injury results in a massive vasodilation without 
compensation because of the loss of SNS vasoconstrictor tone. 
This massive vasodilation leads to a pooling of blood in the 
blood vessels, tissue hypoperfusion, and ultimately impaired 
cellular metabolism (Fig. 67-4).

In addition to spinal cord injury, spinal anesthesia can block 
transmission of impulses from the SNS. Depression of the vaso-
motor center of the medulla from drugs (e.g., opioids, benzo-

diazepines) also can decrease the vasoconstrictor tone of the 
peripheral blood vessels, resulting in neurogenic shock (see 
Table 67-1).

The most important clinical manifestations in neurogenic 
shock are hypotension (from the massive vasodilation) and bra-
dycardia (from unopposed parasympathetic stimulation).7 The 
patient may not be able to regulate body temperature. Com-
bined with massive vasodilation, the inability to regulate tem-
perature promotes heat loss. Initially, the patient’s skin is warm 
due to the massive dilation. As the heat disperses, the patient is 
at risk for hypothermia. Later, the patient’s skin may be cool or 
warm depending on the ambient temperature (poikilothermia—
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TABLE 67-3 CLINICAL PRESENTATION OF TYPES OF SHOCK

Cardiogenic Shock
Hypovolemic 
Shock

Distributive Shock
Obstructive 
Shock

Neurogenic 
Shock Anaphylactic Shock Septic Shock

Cardiovascular System
Tachycardia
↓	BP
↓	Capillary	refill
Chest	pain	may	or	may	

not	be	present

↓	Preload
↓	Stroke	volume
↓	Capillary	refill

↓	BP
↓/↑	Temperature
Bradycardia

Chest	pain
Third	spacing	of	fluid

↓/↑	Temperature
Myocardial	dysfunction
Biventricular	dilation
↓	Ejection	fraction

↓	BP
↓	Preload

Pulmonary System
Tachypnea
Crackles
Cyanosis
Rhonchi

Tachypnea	→	
bradypnea	
(late)

Dysfunction	
related	to	level	
of	injury

Shortness	of	breath
Edema	of	larynx	and	

epiglottis
Wheezing
Stridor
Rhinitis

Hyperventilation
Crackles
Respiratory	alkalosis	→	

respiratory	acidosis
Hypoxemia
Respiratory	failure
ARDS
Pulmonary	hypertension

Tachypnea	→	
bradypnea	(late)

Shortness	of	breath

Renal System
↑	Na+	and	H2O	retention
↓	Renal	blood	flow
↓	Urine	output

↓	Urine	output Bladder	
dysfunction

Incontinence ↓	Urine	output ↓	Urine	output

Skin
Pallor
Cool,	clammy

Pallor
Cool,	clammy

↓	Skin	perfusion
Cool	or	warm
Dry

Flushing
Pruritus
Urticaria
Angioedema

Warm	and	flushed	→	
cool	and	mottled	
(late)

Pallor
Cool,	clammy

Neurologic System
↓	Cerebral	perfusion:

•	 Anxiety
•	 Confusion
•	 Agitation

↓	Cerebral	
perfusion:
•	 Anxiety
•	 Confusion
•	 Agitation

Flaccid	paralysis	
below	the	level	
of	the	lesion

Loss	of	reflex	
activity

Anxiety
Feeling	of	impending	doom
Confusion
↓	LOC
Metallic	taste

Alteration	in	mental	
status	(e.g.,	
confusion)

Agitation
Coma	(late)

↓	Cerebral	perfusion:
•	 Anxiety
•	 Confusion
•	 Agitation

Gastrointestinal System
↓	Bowel	sounds
Nausea,	vomiting

Absent	bowel	
sounds

Bowel	dysfunction Cramping
Abdominal	pain
Nausea
Vomiting
Diarrhea

GI	bleeding
Paralytic	ileus

↓	to	absent	bowel	
sounds

Diagnostic Findings*
↑	Cardiac	markers
↑	b-Type	natriuretic	

peptide	(BNP)
↑	Blood	glucose
↑	BUN
ECG	(e.g.,	dysrhythmias)
Echocardiogram	(e.g.,	

left	ventricular	
dysfunction)

Chest	x-ray	(e.g.,	
pulmonary	infiltrates)

↓	Hematocrit
↓	Hemoglobin
↑	Lactate
↑	Urine	specific	

gravity
Changes	in	

electrolytes

Sudden	onset
History	of	allergies
Exposure	to	contrast	media

↑/↓	WBC
↓	Platelets
↑	Lactate
↑	Blood	glucose
↑	Urine	specific	gravity
↓	Urine	Na+

Positive	blood	cultures

Specific	to	cause	of	
obstruction

ARDS,	Acute	respiratory	distress	syndrome;	BUN,	blood	urea	nitrogen;	LOC,	level	of	consciousness;
*Also	see	Table	67-2.
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describe the laboratory findings and clinical presentation of a 
patient in anaphylactic shock. Quick and decisive action is criti-
cal to prevent the progression of an allergic reaction to anaphy-
lactic shock. (Anaphylaxis is discussed in Chapter 14.)

Septic Shock. Sepsis is a systemic inflammatory response to 
a documented or suspected infection (Table 67-4). In as many 
as 10% to 30% of patients with sepsis, the causative organism is 
not identified. Severe sepsis, defined as sepsis complicated by 
organ dysfunction, is diagnosed in more than 750,000 patients 
per year and has mortality rates as high as 28% to 50%.9-11

Septic shock is the presence of sepsis with hypotension 
despite adequate fluid resuscitation, along with inadequate 
tissue perfusion resulting in tissue hypoxia. The main organisms 
that cause sepsis are gram-negative and gram-positive bacteria. 
Parasites, fungi, and viruses can also cause sepsis and septic 
shock.12 Fig. 67-5 presents the pathogenesis of septic shock.

When a microorganism enters the body, the normal immune 
or inflammatory responses are started. However, in severe 
sepsis and septic shock the body’s response to the microorgan-
ism is exaggerated. Inflammation and coagulation increase, and 
fibrinolysis decreases. Endotoxins from the microorganism cell 
wall stimulate the release of cytokines, including tumor necrosis 
factor (TNF), interleukin-1 (IL-1), and other proinflammatory 
mediators that act through secondary mediators such as platelet-
activating factor, IL-6, and IL-8.12 (See Chapter 12 for discussion 
of the inflammatory response.) The release of platelet-activating 
factor results in the formation of microthrombi and obstruction 
of the microvasculature. The combined effects of the mediators 

taking on the temperature of the environment). In either case, 
the skin is usually dry. Tables 67-2 and 67-3 further describe 
the laboratory findings and clinical presentation of a patient 
with neurogenic shock.

Although spinal shock and neurogenic shock often occur in 
the same patient, they are not the same disorder. Spinal shock is 
a transient condition that is present after an acute spinal cord 
injury (see Chapter 61). The patient with spinal shock experi-
ences the absence of all voluntary and reflex neurologic activity 
below the level of the injury.

Anaphylactic Shock. Anaphylactic shock is an acute, life-
threatening hypersensitivity (allergic) reaction to a sensitizing 
substance (e.g., drug, chemical, vaccine, food, insect venom). 
The reaction quickly causes massive vasodilation, release of 
vasoactive mediators, and an increase in capillary permeability. 
As capillary permeability increases, fluid leaks from the vascu-
lar space into the interstitial space. Anaphylactic shock can lead 
to respiratory distress due to laryngeal edema or severe bron-
chospasm, and circulatory failure from the massive vasodila-
tion.8 The patient has a sudden onset of symptoms, including 
dizziness, chest pain, incontinence, swelling of the lips and 
tongue, wheezing, and stridor. Skin changes include flushing, 
pruritus, urticaria, and angioedema. In addition, the patient 
may be anxious and confused and have a sense of impending 
doom.

A patient can have a severe allergic reaction, possibly leading 
to anaphylactic shock, after contact, inhalation, ingestion, or 
injection with an antigen (allergen) to which the individual has 
previously been sensitized (see Table 67-1). Parenteral admin-
istration of the antigen (allergen) is the route most likely to 
cause anaphylaxis. However, oral, topical, and inhalation routes 
can also cause anaphylactic reactions. Tables 67-2 and 67-3 

FIG. 67-3	 The	pathophysiology	of	hypovolemic	shock.	
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FIG. 67-4	 The	pathophysiology	of	neurogenic	shock.	
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TABLE 67-4 DIAGNOSTIC CRITERIA 
FOR SEPSIS

Source:	Dellinger	RP,	Levy	MM,	Rhodes	A,	et	al:	Surviving	sepsis	campaign:	
international	guidelines	for	management	of	severe	sepsis	and	septic	shock:	2012,		
Crit Care Med	41:580,	2013.
FIO2,	Fraction	of	inspired	oxygen;	INR,	international	normalized	ratio;	MAP,	mean	
arterial	pressure;	PaO2,	partial	pressure	of	arterial	oxygen;	PTT,	partial	thromboplastin	
time;	SBP,	systolic	blood	pressure.

Infection,	documented	or	suspected,	and	some	of	the	following.

General Variables
•	 Fever	(temperature	>100.9°	F	[38.3°	C])
•	 Hypothermia	(core	temperature	<97.0°	F	[36°	C])
•	 Heart	rate	>90	beats/min
•	 Tachypnea
•	 Altered	mental	status
•	 Significant	edema	or	positive	fluid	balance	(>20	mL/kg	over	24	hr)
•	 Hyperglycemia	(blood	glucose	>140	mg/dL)	in	the	absence	of	

diabetes

Inflammatory Variables
•	 Leukocytosis	(WBC	count	>12,000/µL)
•	 Leukopenia	(WBC	count	<4000/µL)
•	 Normal	WBC	count	with	>10%	immature	forms
•	 Elevated	C-reactive	protein
•	 Elevated	procalcitonin

Hemodynamic Variables
•	 Arterial	hypotension	(SBP	<90	mm	Hg,	MAP	<70	mm	Hg,	or	a	

decrease	in	SBP	>40	mm	Hg)

Organ Dysfunction Variables
•	 Arterial	hypoxemia	(PaO2/FIO2	<300)
•	 Acute	oliguria	(urine	output	<0.5	mL/kg/hr	for	at	least	2	hr	despite	

adequate	fluid	resuscitation)
•	 Serum	creatinine	increase	>0.5	mg/dL
•	 Coagulation	abnormalities	(INR	>1.5	or	PTT	>60	sec)
•	 Ileus	(absent	bowel	sounds)
•	 Thrombocytopenia	(platelet	count	<100,000/µL)
•	 Hyperbilirubinemia	(total	bilirubin	>4	mg/dL)

Tissue Perfusion Variables
•	 Hyperlactatemia	(>1	mmol/L)
•	 Decreased	capillary	refill	or	mottling

result in damage to the endothelium, vasodilation, increased 
capillary permeability, and neutrophil and platelet aggregation 
and adhesion to the endothelium.

Septic shock has three major pathophysiologic effects: vaso-
dilation, maldistribution of blood flow, and myocardial depres-
sion. Patients may be euvolemic, but because of acute vasodila-
tion, relative hypovolemia and hypotension occur. In addition, 
blood flow in the microcirculation is decreased, causing poor 
oxygen delivery and tissue hypoxia. The combination of TNF 
and IL-1 is thought to have a role in sepsis-induced myocardial 
dysfunction. The ejection fraction is decreased for the first few 
days after the initial insult. Because of a decreased ejection frac-
tion, the ventricles dilate to maintain the stroke volume. The 
ejection fraction typically improves, and ventricular dilation 
resolves over 7 to 10 days. Persistence of a high CO and a low 
SVR beyond 24 hours is an ominous finding and is often associ-
ated with an increased development of hypotension and MODS. 
Coronary artery perfusion and myocardial oxygen metabolism 
are not primarily altered in septic shock.

In addition to the cardiovascular dysfunction that accompa-
nies sepsis, respiratory failure is common. The patient initially 

hyperventilates as a compensatory mechanism, resulting in 
respiratory alkalosis. Once the patient can no longer compen-
sate, respiratory acidosis develops. Respiratory failure develops 
in 85% of patients with sepsis, and 40% develop acute respira-
tory distress syndrome (ARDS) (see Chapter 68). These patients 
need to be intubated and mechanically ventilated. Other clinical 
signs of septic shock include alteration in neurologic status; 
decreased urine output; and GI dysfunction, such as GI bleed-
ing and paralytic ileus. Table 67-3 gives the clinical presentation 
of a patient with septic shock.

Obstructive Shock. Obstructive shock develops when a 
physical obstruction to blood flow occurs with a decreased CO 
(Fig. 67-6). This can be caused by restricted diastolic filling of 
the right ventricle from compression (e.g., cardiac tamponade, 
tension pneumothorax, superior vena cava syndrome). Other 
causes include abdominal compartment syndrome in which 
increased abdominal pressures compress the inferior vena cava, 
thus decreasing venous return to the heart (see Chapter 43). 
Pulmonary embolism and right ventricular thrombi cause an 
outflow obstruction as blood leaves the right ventricle through 
the pulmonary artery. This leads to decreased blood flow to the 
lungs and decreased blood return to the left atrium.

Patients experience a decreased CO, increased afterload, and 
variable left ventricular filling pressures depending on the 
obstruction. Other clinical signs include jugular venous disten-
tion and pulsus paradoxus (see Table 37-5). Rapid assessment 
and treatment are important to prevent further hemodynamic 
compromise and possibly cardiac arrest (see Fig. 67-6).

Stages of Shock
In addition to an understanding of the underlying pathogenesis 
of the type of shock that the patient is experiencing, monitoring 
and management are guided by knowing where the patient is 
on the shock “continuum.” This continuum begins with the 
initial stage of shock that occurs at a cellular level and is usually 
not clinically apparent. Metabolism changes at the cellular level 
from aerobic to anaerobic, causing lactic acid buildup. Lactic 
acid is a waste product that is removed by the liver. However, 
this process requires oxygen, which is unavailable because of 
the decrease in tissue perfusion. Shock is categorized into three 
clinically apparent but overlapping stages: compensatory stage, 
progressive stage, and irreversible stage.5

Compensatory Stage. In the compensatory stage the body 
activates neural, hormonal, and biochemical compensatory 
mechanisms in an attempt to overcome the increasing conse-
quences of anaerobic metabolism and to maintain homeostasis. 
(See eFig. 67-1 on the website for this chapter.) The patient’s 
clinical presentation begins to reflect the body’s responses to the 
imbalance in oxygen supply and demand (Table 67-5).

One of the classic signs of shock is a drop in blood pressure 
(BP), which occurs because of a decrease in CO and a narrow-
ing of the pulse pressure. The baroreceptors in the carotid and 
aortic bodies immediately respond by activating the SNS. The 
SNS stimulates vasoconstriction and the release of the potent 
vasoconstrictors epinephrine and norepinephrine. Blood flow 
to the most essential (vital) organs, the heart and brain, is main-
tained, while blood flow to the nonvital organs, such as kidneys, 
GI tract, skin, and lungs, is diverted or shunted.

The myocardium responds to the SNS stimulation and the 
increase in oxygen demand by increasing the heart rate and 
contractility. However, increased contractility increases myo-
cardial oxygen consumption. The coronary arteries dilate in  
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an attempt to meet the increased oxygen demands of the 
myocardium.

Shunting blood away from the lungs has an important clini-
cal effect in the patient in shock. Decreased blood flow to the 
lungs increases the patient’s physiologic dead space. Physiologic 
dead space is the anatomic dead space (the amount of air that 
will not reach gas-exchanging units) and any inspired air that 
cannot participate in gas exchange. The clinical result of an 
increase in dead space ventilation is a ventilation-perfusion mis-
match. Some areas of the lungs that are participating in ventila-
tion will not be perfused because of the decreased blood flow 
to the lungs. Arterial oxygen levels will decrease, and the patient 
will have a compensatory increase in the rate and depth of 
respirations (see Chapter 68).

The shunting of blood from other organ systems also results 
in clinically important changes. The decrease in blood flow to 
the GI tract results in impaired motility and a slowing of peri-
stalsis. This increases the risk for the development of a paralytic 
ileus.

Decreased blood flow to the skin results in the patient feeling 
cool and clammy. The exception is the patient in early septic 
shock who may feel warm and flushed because of a hyperdy-
namic state. Decreased blood flow to the kidneys activates the 
renin-angiotensin system. Renin stimulates angiotensinogen to 
produce angiotensin I, which is then converted to angiotensin 
II (see Fig. 45-4). Angiotensin II is a potent vasoconstrictor that 
causes both arterial and venous vasoconstriction. The net result 
is an increase in venous return to the heart and an increase in 

FIG. 67-6	 The	pathophysiology	of	obstructive	shock.	
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FIG. 67-5	 The	pathophysiology	of	septic	shock.	CNS,	Central	nervous	system.	
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• Tumor necrosis factor (TNF)
• Interleukin-1 (IL-1)
• Other proinflammatory cytokines
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TABLE 67-5 MANIFESTATIONS OF STAGES OF SHOCK*

Compensatory Stage Progressive Stage Irreversible Stage
Neurologic System
Oriented	to	person,	place,	time
Restless,	apprehensive,	confused
Change	in	level	of	consciousness

↓	Cerebral	perfusion	pressure
↓	Cerebral	blood	flow
↓	Responsiveness	to	stimuli
Delirium

Unresponsive
Areflexia	(loss	of	reflexes)
Pupils	nonreactive	and	dilated

Cardiovascular System
Sympathetic	nervous	system	response:

•	 Release	of	epinephrine/
norepinephrine	(vasoconstriction)

•	 ↑	MVO2

•	 ↑	Contractility
•	 ↑	HR

Coronary	artery	dilation
Narrowed	pulse	pressure
↓	BP

↑	Capillary	permeability	→	systemic	interstitial	edema
↓	Cardiac	output	→	↓	BP	and	↑	HR
MAP	<60	mm	Hg	(or	40	mm	Hg	drop	in	BP	from	baseline)
↓	Coronary	perfusion	→	dysrhythmias,	myocardial	ischemia,	

myocardial	infarction
↓	Peripheral	perfusion	→	ischemia	of	distal	extremities,	

diminished	pulses,	↓	capillary	refill

Profound	hypotension
↓	Cardiac	output
Bradycardia,	irregular	rhythm
↓	BP	inadequate	to	perfuse	vital	organs

Respiratory System
↓	Blood	flow	to	the	lungs:

•	 ↑	Physiologic	dead	space
•	 ↑	Ventilation-perfusion	mismatch
•	 Hyperventilation
•	 ↑	Minute	ventilation	(VE)
•	 Tachypnea

Acute	respiratory	distress	syndrome	(ARDS):
•	 ↑	Capillary	permeability
•	 Pulmonary	vasoconstriction
•	 Pulmonary	interstitial	edema
•	 Alveolar	edema
•	 Diffuse	infiltrates
•	 Tachypnea
•	 ↓	Compliance
•	 Moist	crackles

Severe	refractory	hypoxemia
Respiratory	failure

Gastrointestinal System
↓	Blood	supply
↓	GI	motility
Hypoactive	bowel	sounds
↑	Risk	for	paralytic	ileus

Vasoconstriction	and	↓	perfusion	→	ischemic	gut	(e.g.,	
stomach,	small	and	large	intestines,	gallbladder,	pancreas)
•	 Erosive	ulcers
•	 Gl	bleeding
•	 Translocation	of	Gl	bacteria
•	 Impaired	absorption	of	nutrients

Ischemic	gut

Renal System
↓	Renal	blood	flow
↑	Renin	resulting	in	release	of	

angiotensin	(vasoconstrictor)
↑	Aldosterone	resulting	in	Na+	and	H2O	

reabsorption
↑	Antidiuretic	hormone	resulting	in	H2O	

reabsorption

Renal	tubules	become	ischemic	→	acute	tubular	necrosis
↓	Urine	output
↑	BUN/creatinine	ratio
↑	Urine	sodium
↓	Urine	osmolality	and	specific	gravity
↓	Urine	potassium
Metabolic	acidosis

Anuria

Hepatic System
Failure	to	metabolize	drugs	and	waste	products
Cell	death	(↑	liver	enzymes)
Jaundice	(decreased	clearance	of	bilirubin)
↑	NH3	and	lactate

Metabolic	changes	from	accumulation	of	
waste	products	(e.g.,	NH3,	lactate,	CO2)

Hematologic System
DIC

•	 Thrombin	clots	in	microcirculation
•	 Consumption	of	platelets	and	clotting	factors

DIC	progresses

Temperature
Normal	or	abnormal Hypothermia	or	hyperthermia Hypothermia

Skin
Pale	and	cool
Warm	and	flushed

Cold	and	clammy Mottled,	cyanotic

DIC,	Disseminated	intravascular	coagulation;	MAP,	mean	arterial	pressure;	MVO2,	myocardial	oxygen	consumption;	NH3,	ammonia.
*Also	see	Table	67-2	and	Table	67-3.
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from the GI tract to the blood. The decreased perfusion to the 
GI tract also leads to a decreased ability to absorb nutrients.

The effect of prolonged hypoperfusion on the kidneys is 
renal tubular ischemia. The resulting acute tubular necrosis may 
lead to acute kidney injury. This can be worsened by nephro-
toxic drugs (e.g., certain antibiotics, anesthetics, diuretics) (see 
Chapter 47). The patient has decreased urine output and ele-
vated blood urea nitrogen (BUN) and serum creatinine. Meta-
bolic acidosis occurs from the kidneys’ inability to excrete acids 
(especially lactic acid) and reabsorb bicarbonate.

Other organ systems are also affected by the sustained hypo-
perfusion in the progressive stage of shock. The loss of the 
functional ability of the liver leads to a failure of the liver to 
metabolize drugs and waste products (e.g., lactate, ammonia). 
Jaundice results from an accumulation of bilirubin. As the liver 
cells die, enzymes become elevated (e.g., alanine aminotransfer-
ase, aspartate aminotransferase, γ-glutamyl transferase). The 
liver also loses its ability to function as an immune organ. Bac-
teria that may move from the GI tract are no longer destroyed 
by the Kupffer cells. Instead, they are released into the blood-
stream, thus increasing the possibility of bacteremia.12

Dysfunction of the hematologic system adds to the complex-
ity of the clinical picture. The patient is at risk for disseminated 
intravascular coagulation (DIC), in which consumption of the 
platelets and clotting factors with secondary fibrinolysis results 
in clinically significant bleeding from many orifices. These in-
clude, but are not limited to, the GI tract, lungs, and puncture 
sites (see Chapter 31). Altered laboratory values in DIC are 
presented in Table 67-3.

In this stage, aggressive interventions are necessary to 
prevent the development of MODS.

Irreversible Stage. In the final stage of shock, the irrevers-
ible stage, decreased perfusion from peripheral vasoconstriction 
and decreased CO exacerbate anaerobic metabolism. (See eFig. 
67-3 on the website for this chapter.) The accumulation of lactic 
acid contributes to increased capillary permeability and dila-
tion. Increased capillary permeability allows fluid and plasma 
proteins to leave the vascular space and move to the interstitial 
space. Blood pools in the capillary beds secondary to the con-
stricted venules and dilated arterioles. The loss of intravascular 
volume worsens hypotension and tachycardia and decreases 
coronary blood flow. Decreased coronary blood flow leads to 
worsening myocardial depression and a further decline in CO. 
Cerebral blood flow cannot be maintained, and cerebral is-
chemia results.

The patient in this stage of shock demonstrates profound 
hypotension and hypoxemia. The failure of the liver, lungs, and 
kidneys results in an accumulation of waste products, such as 
lactate, urea, ammonia, and carbon dioxide. The failure of one 
organ system affects several other organ systems. In this final 
stage, recovery is unlikely. The organs are in failure and the 
body’s compensatory mechanisms are overwhelmed (see Table 
67-5).

Diagnostic Studies
There is no single diagnostic study to determine whether a 
patient is in shock. Establishing a diagnosis begins with a history 
and physical examination. Obtaining a thorough medical and 
surgical history, and a history of recent events (e.g., surgery, 
chest pain, trauma), provides valuable data.

Decreased tissue perfusion in shock leads to an elevation  
of lactate and a base deficit (the amount needed to bring the  

BP. Angiotensin II also stimulates the adrenal cortex to release 
aldosterone. This results in sodium and water reabsorption and 
potassium excretion by the kidneys. The increase in sodium 
reabsorption raises the serum osmolality and stimulates the 
release of antidiuretic hormone (ADH) from the posterior pitu-
itary gland. ADH increases water reabsorption by the kidneys, 
thus further increasing blood volume. The increase in total cir-
culating volume results in an increase in CO and BP.

A multisystem response to decreasing tissue perfusion is 
initiated in the compensatory stage of shock. At this stage the 
body is able to compensate for the changes in tissue perfusion. 
If the cause of the shock is corrected, the patient will recover 
with little or no residual effects. If the cause of the shock is not 
corrected and the body is unable to compensate, the patient 
enters the progressive stage of shock.

Progressive Stage. The progressive stage of shock begins as 
compensatory mechanisms fail. (See eFig. 67-2 on the website 
for this chapter.) Changes in the patient’s mental status are 
important findings in this stage.

The cardiovascular system is profoundly affected in the pro-
gressive stage of shock. CO begins to fall, resulting in a decrease 
in BP and coronary artery, cerebral, and peripheral perfusion. 
Continued decreased cellular perfusion and resulting altered 
capillary permeability are the distinguishing features of this 
stage. Altered capillary permeability allows leakage of fluid and 
protein out of the vascular space into the surrounding intersti-
tial space. In addition to the decrease in circulating volume, 
there is an increase in systemic interstitial edema. The patient 
may have anasarca (diffuse profound edema). Fluid leakage 
from the vascular space also affects the solid organs (e.g., liver, 
spleen, GI tract, lungs) and peripheral tissues by further decreas-
ing perfusion.

Sustained hypoperfusion results in weak peripheral pulses, 
and ischemia of the distal extremities eventually occurs. Myo-
cardial dysfunction from decreased perfusion results in dys-
rhythmias, myocardial ischemia, and possibly MI. The end 
result is a complete deterioration of the cardiovascular system.

The pulmonary system is often the first system to display 
signs of critical dysfunction. During the compensatory stage, 
blood flow to the lungs is already reduced. In response to the 
decreased blood flow and the SNS stimulation, the pulmonary 
arterioles constrict, resulting in increased pulmonary artery 
(PA) pressure. As the pressure within the pulmonary vascula-
ture increases, blood flow to the pulmonary capillaries decreases 
and ventilation-perfusion mismatch worsens.

Another key response in the lungs is the movement of fluid 
from the pulmonary vasculature into the interstitial space. As 
capillary permeability increases, the movement of fluid to the 
interstitial spaces results in interstitial edema, bronchoconstric-
tion, and a decrease in functional residual capacity. With further 
increases in capillary permeability, the fluid moves to the alveoli, 
with resultant alveolar edema and a decrease in surfactant pro-
duction. The combined effects of pulmonary vasoconstriction 
and bronchoconstriction are impaired gas exchange, decreased 
compliance, and worsening ventilation-perfusion mismatch. 
Clinically, the patient has tachypnea, crackles, and an overall 
increased work of breathing.

The GI system is also affected by prolonged decreased tissue 
perfusion. As the blood supply to the GI tract is decreased, the 
normally protective mucosal barrier becomes ischemic. This 
ischemia predisposes the patient to ulcers and GI bleeding (see 
Chapter 42). It also increases the risk of bacterial migration 
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 TABLE 67-6 EMERGENCY MANAGEMENT 
Shock

Etiology* Assessment Findings Interventions

Surgical
•	 Postoperative	bleeding
•	 Ruptured	organ	or	vessel
•	 Gastrointestinal	bleeding
•	 Aortic	dissection
•	 Vaginal	bleeding
•	 Ruptured	ectopic	pregnancy	

or	ovarian	cyst

Medical
•	 Myocardial	infarction
•	 Dehydration
•	 Addisonian	crisis
•	 Diabetes	insipidus
•	 Sepsis
•	 Diabetes	mellitus
•	 Pulmonary	embolus

Trauma
•	 Ruptured	or	lacerated	vessel	

or	organ	(e.g.,	spleen)
•	 Fractures,	spinal	injury
•	 Multiorgan	injury

•	 Restlessness
•	 Confusion
•	 Anxiety
•	 Feeling	of	impending	doom
•	 Decreased	level	of	

consciousness
•	 Weakness
•	 Rapid,	weak,	thready	pulses
•	 Dysrhythmias
•	 Hypotension
•	 Narrowed	pulse	pressure
•	 Cool,	clammy	skin	(warm	

skin	in	early	onset	of	septic	
and	neurogenic	shock)

•	 Tachypnea,	dyspnea,	or	
shallow,	irregular	respirations

•	 Decreased	O2	saturation
•	 Extreme	thirst
•	 Nausea	and	vomiting
•	 Chills
•	 Pallor
•	 Cyanosis
•	 Obvious	hemorrhage	or	injury
•	 Temperature	dysregulation

Initial
•	 Assess	ABCs.
•	 Stabilize	cervical	spine	as	appropriate.
•	 Administer	high-flow	O2	(100%)	by	non-rebreather	mask	or	bag-valve-mask.
•	 Anticipate	need	for	intubation	and	mechanical	ventilation.
•	 Establish	IV	access	with	two	large-bore	catheters	(14-16	gauge)	or	assist	

with	insertion	of	central	line	and	begin	fluid	resuscitation	with	crystalloids	
(e.g.,	30	mL/kg	repeated	until	hemodynamic	improvement	is	noted).

•	 Draw	blood	for	laboratory	studies	(e.g.,	blood	cultures,	lactate,	WBC).
•	 Control	any	external	bleeding	with	direct	pressure	or	pressure	dressing.
•	 Assess	for	life-threatening	injuries	(e.g.,	cardiac	tamponade,	liver	laceration,	

tension	pneumothorax).
•	 Consider	vasopressor	therapy	if	hypotension	persists	after	fluid	resuscitation.
•	 Insert	an	indwelling	bladder	catheter	and	nasogastric	tube.
•	 Administer	antibiotic	therapy	after	blood	cultures	if	sepsis	is	suspected.
•	 Obtain	12-lead	ECG	and	treat	dysrhythmias.

Ongoing Monitoring
•	 Level	of	consciousness
•	 Vital	signs,	including	pulse	oximetry;	peripheral	pulses,	capillary	refill,	skin	

color	and	temperature
•	 Respiratory	status
•	 Heart	rate	and	rhythm
•	 Urine	output

ABCs,	Airway,	breathing,	circulation.
*See	Table	67-1	for	additional	etiologies	of	shock.

(MAP) and circulating blood volume are optimized with fluid 
replacement and drug therapy.

Oxygen and Ventilation. Oxygen delivery depends on CO, 
available hemoglobin, and arterial oxygen saturation (SaO2). 
Methods to optimize oxygen delivery are directed at increasing 
supply and decreasing demand. Supply is increased by (1)  
optimizing the CO with fluid replacement or drug therapy,  
(2) increasing the hemoglobin through transfusion of whole 
blood or packed red blood cells (RBCs), and/or (3) increasing 
the arterial oxygen saturation with supplemental oxygen and 
mechanical ventilation.

Plan care to avoid disrupting the balance of oxygen supply 
and demand. Space activities that increase oxygen consumption 
(e.g., endotracheal suctioning, position changes) appropriately 
for oxygen conservation. Continuous monitoring of ScvO2 by 
a central venous catheter or mixed venous oxygen saturation 
(SvO2) by a PA catheter is helpful. Both reflect the dynamic 
balance between oxygen supply and demand. Assess these 
values along with related hemodynamic measures (e.g., arterial 
pressure–based cardiac output [APCO], oxygen consumption, 
hemoglobin) to evaluate the patient’s response to treatments or 
activities (see Chapter 66).

Fluid Resuscitation. The cornerstone of therapy for septic, 
hypovolemic, and anaphylactic shock is volume expansion with 
administration of the appropriate fluid. Fluid resuscitation 
should start using one or two large-bore (e.g., 14- to 16-gauge) 
IV catheters, preferably in the antecubital veins, or a central 
venous catheter. Both crystalloids (e.g., normal saline or hyper-
tonic solutions) and colloids (e.g., albumin) have a role in fluid 
resuscitation (Table 67-7; also see Table 17-17). The choice of 
fluid for resuscitation remains controversial. Currently, isotonic 
crystalloids, such as normal saline, are used in the initial resus-

pH back to normal). These laboratory changes may reflect an 
increase in anaerobic metabolism. Table 67-2 summarizes other 
laboratory findings seen in shock.

Additional diagnostic studies include a 12-lead electrocar-
diogram (ECG), continuous ECG monitoring, chest x-ray, con-
tinuous pulse oximetry, and hemodynamic monitoring (e.g., 
arterial pressure, central venous or PA pressure, ScvO2/SvO2). 
(Chapter 66 discusses hemodynamic monitoring.)

Collaborative Care: General Measures
Critical factors in the successful management of a patient expe-
riencing shock relate to the early recognition and treatment of 
the shock state. Prompt intervention in the early stages of shock 
may prevent the decline to the progressive or irreversible stage. 
Successful management of the patient in shock includes the 
following:

1. Identification of patients at risk for developing shock
2. Integration of the patient’s history, physical examination, 

and clinical findings to establish a diagnosis
3. Interventions to control or eliminate the cause of the 

decreased perfusion
4. Protection of target and distal organs from dysfunction
5. Provision of multisystem supportive care
Table 67-6 provides an overview of the initial assessment 

findings and interventions for the emergency care of patients in 
shock.13,14 General management strategies begin with ensuring 
that the patient has a patent airway. Once the airway is estab-
lished, either naturally or with an endotracheal tube, oxygen 
delivery must be optimized. Supplemental oxygen and mechan-
ical ventilation may be necessary to maintain an arterial oxygen 
saturation of 90% or more (PaO2 greater than 60 mm Hg) to 
avoid hypoxemia (see Chapter 66). The mean arterial pressure 
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SAFETY ALERT
•	 Warm	 crystalloid	 and	 colloid	 solutions	 during	 massive	 fluid	 resusci-

tation.
•	 When	administering	 large	volumes	of	packed	RBCs,	remember	that	

they	do	not	contain	clotting	factors.	Replace	these	factors	based	on	
the	clinical	situation	and	laboratory	studies.

Drug Therapy. The primary goal of drug therapy for shock 
is the correction of decreased tissue perfusion. Medications 
used to improve perfusion in shock are given IV via an infusion 
pump and central venous line, since many of them have vaso-
constrictor properties that would be harmful if the drug extrav-
asated while being infused peripherally (Table 67-8).

Sympathomimetic Drugs. Many of the drugs used in the 
treatment of shock have an effect on the SNS. Drugs that 
mimic the action of the SNS are termed sympathomimetic. 
The effects of these drugs are mediated through their binding 
to α- or β-adrenergic receptors. The various drugs differ in 
their relative α- and β-adrenergic effects. (See Chapter 33 and 
Table 33-1.)

Many of the sympathomimetic drugs cause peripheral vaso-
constriction and are called vasopressor drugs (e.g., norepineph-
rine, dopamine, phenylephrine [Neo-Synephrine]). These drugs 
can cause severe peripheral vasoconstriction and an increase  
in SVR, further risking tissue perfusion. The increased SVR 
increases the workload of the heart and can harm a patient in 
cardiogenic shock by causing further myocardial damage. Use 
of vasopressor drugs is limited to patients who do not respond 
to fluid resuscitation. Adequate fluid resuscitation must be 
achieved before starting vasopressors because the vasoconstric-

citation of shock. Lactated Ringer’s solution is used cautiously 
in all shock situations because the failing liver cannot convert 
lactate to bicarbonate, so serum lactate levels increase. In some 
cases, hypertonic saline may be considered to expand plasma 
volume. Colloids are effective volume expanders because the 
size of their molecules keeps them in the vascular space for a 
longer time. However, they are costly and no definitive studies 
have shown that using colloids for resuscitation improves 
patient outcomes.15

The choice of fluid for resuscitation is also based on the type 
and volume of fluid lost and the patient’s clinical status. If the 
patient does not respond to 2 to 3 L of crystalloids, blood 
administration and CVP, APCO, or PA pressure monitoring 
may be started.16,17 Monitor trends in BP with an automatic BP 
cuff or an arterial catheter to assess the patient’s response. An 
indwelling bladder catheter monitors urine output and aids in 
assessing the patient’s fluid status during resuscitation.

When large amounts of fluids are required, you must protect 
the patient against two major complications: hypothermia and 
coagulopathy. If the patient has persistent hypotension after 
fluid resuscitation and normalized CVP (8 to 12 mm Hg),  
a vasopressor (e.g., norepinephrine [Levophed], dopamine 
[Intropin]) and/or an inotrope (e.g., dobutamine [Dobutrex]) 
may be added. The goal for fluid resuscitation is restoration of 
tissue perfusion. Thus decisions on which agent to use should 
be based on the physiologic goal. Although BP helps determine 
whether the patient’s CO is adequate, an assessment of end-
organ perfusion (e.g., urine output, neurologic function, periph-
eral pulses) provides more relevant information.

TABLE 67-7 FLUID THERAPY IN SHOCK

Fluid Type Mechanism of Action Type of Shock Nursing Implications
Crystalloids
Isotonic
•	 0.9%	NaCl	(NSS)
•	 Lactated	Ringer’s	

(LR)

Fluid	primarily	remains	in	the	intravascular	
space,	increasing	intravascular	volume.

Used	for	initial	volume	
replacement	in	most	
types	of	shock.

Monitor	patient	closely	for	circulatory	overload.	Do	not	
use	LR	in	patients	with	liver	failure.	LR	may	be	used	
if	hyperchloremic	acidosis	develops	from	use	of	NSS	
in	fluid	resuscitation.

Hypertonic
•	 1.8%,	3%,	5%	

NaCl
Fluid	remains	in	the	intravascular	space,	

increases	serum	osmolarity,	shifts	fluid	
volume	from	intracellular	space	to	
extracellular	space	to	intravascular	space.

May	be	used	for	initial	
volume	expansion	in	
hypovolemic	shock.

Monitor	patient	closely	for	signs	of	hypernatremia	
(e.g.,	disorientation,	convulsions).

Central	line	preferred	for	infusing	saline	solutions	≥3%,	
since	these	may	damage	veins.

Blood or Blood Products
Packed	red	blood	

cells
Fresh	frozen	plasma
Platelets

Replaces	blood	loss,	increases	O2-carrying	
capability.

Replaces	coagulation	factors.
Helps	control	bleeding	caused	by	

thrombocytopenia.

All	types	of	shock. Same	precautions	as	any	blood	administration	(see	
Chapter	31).

Colloids
Human	serum	

albumin	(5%	or	
25%)

Can	increase	plasma	colloid	osmotic	
pressure.	Rapid	volume	expansion.

All	types	of	shock	
except	cardiogenic	
and	neurogenic	
shock.

Use	5%	solution	in	hypovolemic	patients.	Use	25%	
solution	in	patients	with	fluid	and	sodium	restrictions.

Monitor	for	circulatory	overload.	Mild	side	effects	of	
chills,	fever,	and	urticaria	may	develop.

More	expensive	than	crystalloids.
dextran	(dextran	40) Hyperosmotic	glucose	polymer. Limited	use	because	of	

side	effects,	including	
reducing	platelet	
adhesion,	diluting	
clotting	factors.

Increases	risk	of	bleeding.
Important	to	monitor	patient	for	allergic	reactions	and	

acute	renal	failure.
Has	maximum	volume	recommendations	per	

manufacturer.

NSS,	Normal	saline	solution.
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TABLE 67-8 DRUG THERAPY 
Shock

Drug* Mechanism of Action Type of Shock Nursing Implications
dobutamine	

(Dobutrex)
↑	Myocardial	contractility
↓	Ventricular	filling	pressures
↓	SVR,	PAWP
↑	CO,	stroke	volume,	CVP
↑/↓	HR

Used	in	cardiogenic	shock	with	
severe	systolic	dysfunction

Used	in	septic	shock	to	increase	O2	
delivery	and	raise	ScvO2/SvO2	to	
70%	if	Hgb	>7	g/dL	or	Hct	≥30%

Administration	via	central	line	is	recommended	
(infiltration	leads	to	tissue	sloughing).

Do	not	administer	in	same	line	with	NaHCO3.

Monitor	HR,	BP	(hypotension	may	worsen,	
requiring	addition	of	a	vasopressor).

Stop	infusion	if	tachydysrhythmias	develop.
dopamine	(Intropin) Positive	inotropic	effects:

↑	Myocardial	contractility
↑	Automaticity
↑	Atrioventricular	conduction

↑	HR,	CO
↑	BP,	↑	MAP
↑	MVO2

Can	cause	progressive	
vasoconstriction	at	high	doses

Cardiogenic	shock Administration	via	central	line	is	recommended	
(infiltration	leads	to	tissue	sloughing).

Do	not	administer	in	same	line	with	NaHCO3.

Monitor	for	tachydysrhythmias.
Monitor	for	peripheral	vasoconstriction	(e.g.,	

paresthesias,	coldness	in	extremities)	at	
moderate	to	high	doses.

epinephrine	
(Adrenalin)

Low doses:	β-Adrenergic	agonist	
(cardiac	stimulation,	bronchodilation,	
peripheral	vasodilation)

↑	HR,	contractility,	CO
↓	SVR

Cardiogenic	shock
Anaphylactic	shock
Septic	shock	requiring	additional	

agent	after	norepinephrine

Monitor	for	HR	>110	beats/min.
Monitor	for	dyspnea,	pulmonary	edema.
Monitor	for	chest	pain,	dysrhythmias	

secondary	to	↑	MVO2.

Monitor	for	renal	failure	secondary	to	
ischemia.High doses:	α-Adrenergic	agonist	

(peripheral	vasoconstriction)
↑	Stroke	volume,	SVR
↑	Systolic/↓	diastolic	BP,	widened	

pulse	pressure
↑	CVP,	PAWP

Cardiac	arrest,	pulseless	ventricular	
tachycardia,	ventricular	fibrillation,	
asystole

hydrocortisone	
(Solu-Cortef)

Decreases	inflammation,	reverses	
increased	capillary	permeability

↑	BP,	HR

Septic	shock	requiring	vasopressor	
therapy	(despite	fluid	resuscitation)	
to	maintain	adequate	BP

Anaphylactic	shock	if	hypotension	
persists	after	initial	therapy

Monitor	for	hypokalemia,	hyperglycemia.
Consider	use	as	continuous	infusion.

norepinephrine	
(Levophed)

β1-Adrenergic	agonist	(cardiac	
stimulation)

α-Adrenergic	agonist	(peripheral	
vasoconstriction)

Renal	and	splanchnic	vasoconstriction
↑	BP,	MAP,	CVP,	PAWP,	SVR
↑/↓	CO

Cardiogenic	shock	after	myocardial	
infarction

Septic	shock—first	drug	of	choice	
for	BP	unresponsive	to	adequate	
fluid	resuscitation

Administration	via	central	line	is	recommended	
(infiltration	leads	to	tissue	sloughing).

Monitor	for	dysrhythmias	secondary	to	↑	
MVO2	requirements.

phenylephrine	
(Neo-Synephrine)

α-Adrenergic	agonist	(peripheral	
vasoconstriction)

Renal,	mesenteric,	splanchnic,	
cutaneous,	and	pulmonary	blood	
vessel	constriction

↑	HR,	BP,	SVR
↑/↓	CO

Neurogenic	shock Monitor	for	reflex	bradycardia,	headache,	
restlessness.

Monitor	for	renal	failure	secondary	to	↓	renal	
blood	flow.

Administration	via	central	line	is	recommended	
(infiltration	leads	to	tissue	sloughing).

nitroglycerin	(Tridil) Venodilation
Dilates	coronary	arteries
↓	Preload,	MVO2,	SVR,	BP

Cardiogenic	shock Continuously	monitor	BP	and	HR,	since	reflex	
tachycardia	may	occur.

Glass	bottle	recommended	for	infusion.
sodium	nitroprusside	

(Nipride)
Arterial	and	venous	vasodilation
↓	Preload,	afterload
↓	CVP,	PAWP
↑/↓	CO
↓	BP

Cardiogenic	shock	with	↑	SVR Continuously	monitor	BP.
Protect	solution	from	light.	Wrap	infusion	

bottle	with	opaque	covering.
Administer	with	D5W	only.
Monitor	serum	cyanide	levels	and	for	signs	of	

cyanide	toxicity	(e.g.,	metabolic	acidosis,	
tachycardia,	altered	level	of	consciousness,	
seizures,	coma,	almond	smell	on	breath).

vasopressin	
(Pitressin,	Pressyn)

Antidiuretic	hormone
Nonadrenergic	vasoconstrictor
↑	MAP
↑	Urine	output

Shock	states	(most	commonly	
septic	shock)	refractory	to	other	
vasopressors

Usually	administer	low	dose.
Infusions	are	not	titrated.
Monitor	hemodynamic	pressures	and	urine	

output.

CO,	Cardiac	output;	CVP,	central	venous	pressure;	MAP,	mean	arterial	pressure;	MVO2,	myocardial	oxygen	consumption;	PAWP,	pulmonary	artery	wedge	pressure;	
PT,	prothrombin	time;	PTT,	partial	thromboplastin	time;	SVR,	systemic	vascular	resistance.

*Consult	individual	facility’s	guidelines,	pharmacist,	pharmacology	references,	and	drug	manufacturer’s	administration	materials	for	additional	information	and	dosing	recommendations.
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nitrates), reducing preload (e.g., diuretics), reducing afterload 
(e.g., vasodilators), and reducing heart rate and contractility 
(e.g., β-adrenergic blockers).

The patient may also benefit from a circulatory assist device 
(e.g., intraaortic balloon pump, ventricular assist device 
[VAD])20 (see Chapter 66). The goals of this intervention are to 
decrease the SVR and the left ventricular workload so the heart 
can heal. A VAD may be used as a temporary measure for the 
patient in cardiogenic shock who is awaiting heart transplanta-
tion. Heart transplantation is an option for a small, select group 
of patients with cardiogenic shock.

Hypovolemic Shock. The underlying principles of manag-
ing patients with hypovolemic shock focus on stopping the loss 
of fluid and restoring the circulating volume. Fluid resuscitation 
in hypovolemic shock initially is calculated using a 3:1 rule 
(3 mL of isotonic crystalloid for every 1 mL of estimated blood 
loss). Table 67-7 delineates the different types of fluid used for 
volume resuscitation, the mechanisms of action, and specific 
nursing implications for each fluid type.

Septic Shock. Patients in septic shock require large amounts 
of fluid replacement. Volume resuscitation of 30 to 50 mL/kg is 
usually done with isotonic crytalloids to achieve a target CVP 
of 8 to 12 mm Hg. Albumin 0.5 to 1 g/kg/dose may be added 
when patients require substantial volumes. Use of a fluid chal-
lenge technique (e.g., to achieve a minimum of 30 mL/kg of 
crystalloids) is repeated until hemodynamic improvement (e.g., 
increase in MAP and/or CVP, change in SVV) is noted.9 (An 
example of a sepsis alert treatment protocol [eFig. 67-4] is avail-
able on the website for this chapter.) Table 67-9 presents prede-
termined end points of fluid resuscitation. To optimize and 
evaluate large-volume fluid resuscitation, hemodynamic moni-
toring with a minimum of a central venous catheter is necessary. 
The overall goals of fluid resuscitation are to restore the intra-
vascular volume and organ perfusion.

Once the CVP is 8 mm Hg or more, vasopressors may be 
added. The first drug of choice is norepinephrine. Vasodilation 
and low CO, or vasodilation alone, can cause low BP in spite of 
adequate fluid resuscitation. Vasopressin (Pitressin) may be 
added for patients refractory to vasopressor therapy.9,10,13 Exog-
enous vasopressin is used to replace the stores of physiologic 
vasopressin that are often depleted in septic shock.

DRUG ALERT: Vasopressin (Pitressin)
•	 Infuse	at	low	doses	(e.g.,	0.03	U/min).
•	 Do	not	titrate	infusion.
•	 Use	cautiously	in	patients	with	coronary	artery	disease.

Vasopressor drugs may increase BP but may also decrease 
stroke volume. An inotropic agent (e.g., dobutamine) is often 
added to offset the decrease in stroke volume and increase tissue 
perfusion (see Table 67-8). IV corticosteroids may be consid-
ered for patients in septic shock who cannot maintain an ade-
quate BP with vasopressor therapy despite fluid resuscitation.9 
In an attempt to meet the increasing tissue demands coupled 
with a low SVR, the patient initially demonstrates a normal or 
high CO. If the patient is unable to achieve and maintain an 
adequate CO and has unmet tissue oxygen demands, the CO 
may need to be increased using drug therapy (e.g., dopamine).9 
ScvO2/SvO2 monitoring is used to assess the balance between 
oxygen delivery and consumption, and the adequacy of the 
CO17 (see Chapter 66). If balance is maintained, the tissue 
demands will be met.

Antibiotics are an important and early component of therapy. 
They should be started within the first hour of septic shock. 

tor effects in patients with low blood volume will cause further 
reduction in tissue perfusion.

The goal of vasopressor therapy is to achieve and maintain a 
MAP of greater than 65 mm Hg.9,13 Continuously monitor end-
organ perfusion (e.g., urine output, level of consciousness) and 
serum lactate levels (e.g., every 2 hours for the first 6 hours) to 
ensure that tissue perfusion is adequate.

Vasodilator Drugs. Patients in cardiogenic shock have 
decreased myocardial contractility, and vasodilators may be 
needed to decrease afterload. This reduces myocardial work-
load and oxygen requirements. Although generalized sympa-
thetic vasoconstriction is a useful compensatory mechanism 
for maintaining BP, excessive constriction can reduce tissue 
blood flow and increase the workload of the heart. The ratio-
nale for using vasodilator therapy for a patient in shock is to 
break the harmful cycle of widespread vasoconstriction causing 
a decrease in CO and BP, resulting in further sympathetic-
induced vasoconstriction.

The goal of vasodilator therapy, as in vasopressor therapy, is 
to maintain the MAP greater than 65 mm Hg. Also monitor 
hemodynamic parameters (e.g., CVP, APCO, CO, ScvO2/SvO2, 
PA pressures) so that fluids can be increased or vasodilator 
therapy decreased if a serious fall in CO or BP occurs. The 
vasodilator agent most often used for the patient in cardiogenic 
shock is nitroglycerin (Tridil). Vasodilation may be enhanced 
with nitroprusside (Nipride) or nitroglycerin in noncardiogenic 
shock.

Nutritional Therapy. Protein-calorie malnutrition is one of 
the main manifestations of hypermetabolism in shock. Nutri-
tion is vital to reducing mortality. Enteral nutrition should be 
started within the first 24 hours.18 Generally, parenteral nutri-
tion is used if enteral feedings are contraindicated or fail to meet 
at least 80% of the patient’s caloric requirements.19 (Chapter 40 
discusses parenteral and enteral nutrition.) Start the patient on 
a slow continuous drip of small amounts of enteral feedings 
(e.g., 10 mL/hr). Early enteral feedings enhance the perfusion 
of the GI tract and help maintain the integrity of the gut mucosa.

Weigh the patient daily on the same scale at the same time 
of day. If the patient experiences a significant weight loss, rule 
out dehydration before adding more calories. Large weight 
gains are common because of third spacing of fluids. Therefore 
daily weights serve as a better indicator of fluid status than 
caloric needs. Serum protein, total albumin, prealbumin, BUN, 
serum glucose, and serum electrolytes are all used to assess 
nutritional status.

Collaborative Care: Specific Measures
Cardiogenic Shock. For a patient in cardiogenic shock, the 

overall goal is to restore blood flow to the myocardium by restor-
ing the balance between oxygen supply and demand. Cardiac 
catheterization is performed as soon as possible after the initial 
insult. Specific measures to restore blood flow include angio-
plasty with stenting, emergency revascularization, and valve re-
placement (see Chapter 34). Until these interventions are done, 
the heart must be supported to optimize stroke volume and CO 
to achieve optimal perfusion (see Tables 67-8 and 67-9).

Hemodynamic management of a patient in cardiogenic 
shock aims to reduce the workload of the heart through drug 
therapy and/or mechanical interventions. Drug selection is 
based on the clinical goal and a thorough understanding of each 
drug’s mechanism of action. Drugs can be used to decrease the 
workload of the heart by dilating coronary arteries (e.g., 
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TABLE 67-9 COLLABORATIVE CARE
 Shock

Oxygenation Circulation Drug Therapies Supportive Therapies
Cardiogenic Shock
•	 Provide	supplemental	O2	

(e.g.,	nasal	cannula,	
non-rebreather	mask)

•	 Intubation	and	mechanical	
ventilation,	if	necessary

•	 Monitor	ScvO2/SvO2

•	 Restore	blood	flow	with	
thrombolytics,	angioplasty	with	
stenting,	emergent	coronary	
revascularization

•	 Reduce	workload	of	the	heart	
with	circulatory	assist	devices:	
IABP,	VAD

•	 Nitrates	(e.g.,	nitroglycerin)
•	 Inotropes	(e.g.,	dobutamine)
•	 Diuretics	(e.g.,	furosemide)
•	 β-Adrenergic	blockers	(contraindicated	

with	↓	ejection	fraction)

•	 Treat	dysrhythmias

Hypovolemic Shock
•	 Provide	supplemental	O2

•	 Monitor	ScvO2/ScvO2

•	 Restore	fluid	volume	(e.g.,	blood	
or	blood	products,	crystalloids)

•	 Rapid	fluid	replacement	using	two	
large-bore	(14-16	gauge)	peripheral	
IV	lines	or	central	venous	catheter

•	 End	points	of	fluid	resuscitation:
•	 CVP	15	mm	Hg
•	 PAWP	10-12	mm	Hg

•	 No	specific	drug	therapy •	 Correct	the	cause	(e.g.,	stop	
bleeding,	GI	losses)

•	 Use	warmed	IV	fluids,	
including	blood	products	(if	
appropriate)

Septic Shock
•	 Provide	supplemental	O2

•	 Intubation	and	mechanical	
ventilation,	if	necessary

•	 Monitor	ScvO2/SvO2

•	 Aggressive	fluid	resuscitation	
(e.g.,	30	mL/kg	of	crystalloids	
repeated	as	long	as	hemodynamic	
improvement	is	noted)

•	 End	points	of	fluid	resuscitation:
•	 CVP	8-12	mm	Hg
•	 MAP	≥65	mm	Hg
•	 Urine	output	≥0.5	mL/kg/hr
•	 Normalized	lactate	levels

•	 Antibiotics	as	ordered
•	 Vasopressors	(e.g.,	norepinephrine)
•	 Inotropes	(e.g.,	dobutamine)
•	 Anticoagulants	(e.g.,	low-molecular-

weight	heparin)

•	 Obtain	cultures	(e.g.,	blood,	
wound)	before	beginning	
antibiotics

•	 Monitor	temperature
•	 Control	blood	glucose
•	 Stress	ulcer	prophylaxis

Neurogenic Shock
•	 Maintain	patent	airway
•	 Provide	supplemental	O2

•	 Intubation	and	mechanical	
ventilation	(if	necessary)

•	 Cautious	administration	of	fluids •	 Vasopressors	(e.g.,	phenylephrine)
•	 Atropine	(for	bradycardia)

•	 Minimize	spinal	cord	trauma	
with	stabilization

•	 Monitor	temperature

Anaphylactic Shock
•	 Maintain	patent	airway
•	 Optimize	oxygenation	

with	supplemental	O2

•	 Intubation	and	mechanical	
ventilation,	if	necessary

•	 Aggressive	fluid	resuscitation	with	
colloids

•	 Epinephrine	(IM	or	IV)
•	 Antihistamines	(e.g.,	diphenhydramine)
•	 Histamine	(H2)-receptor	blockers	(e.g.,	

famotidine	[Pepcid])
•	 Bronchodilators:	nebulized	(e.g.,	

albuterol)
•	 Corticosteroids	(if	hypotension	persists)

•	 Identify	and	remove	
offending	cause

•	 Prevent	via	avoidance	of	
known	allergens

•	 Premedicate	with	history	of	
prior	sensitivity	(e.g.,	
contrast	media)

Obstructive Shock
•	 Maintain	patent	airway
•	 Provide	supplemental	O2

•	 Intubation	and	mechanical	
ventilation,	if	necessary

•	 Restore	circulation	by	treating	
cause	of	obstruction

•	 Fluid	resuscitation	may	provide	
temporary	improvement	in	CO	
and	BP

•	 No	specific	drug	therapy •	 Treat	cause	of	obstruction	
(e.g.,	pericardiocentesis	for	
cardiac	tamponade,	needle	
decompression	or	chest		
tube	insertion	for	tension	
pneumothorax,	embolectomy	
for	pulmonary	embolism)

CO,	Cardiac	output;	CVP,	central	venous	pressure;	IABP,	intraaortic	balloon	pump;	MAP,	mean	arterial	pressure;	PAWP,	pulmonary	artery	wedge	pressure;	VAD,	ventricular	assist	
device.
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and hemopneumothorax may be done by needle or tube inser-
tion. Obstructive shock from a pulmonary embolism may 
require thrombolytic therapy. Superior vena cava syndrome, a 
compression or obstruction of the outflow tract of the medias-
tinum, may be treated by radiation, debulking, or removal of 
the mass or cause. A decompressive laparotomy may be indi-
cated for abdominal compartment syndrome for patients with 
high intraabdominal pressures and hemodynamic instability.

NURSING MANAGEMENT 
SHOCK
NURSING ASSESSMENT

Your role is vital in caring for patients who are at risk for devel-
oping shock or are in a state of shock. Focus your initial assess-
ment on the ABCs: airway, breathing, and circulation. Next, 
assess for tissue perfusion. This includes evaluating vital signs, 
level of consciousness, peripheral pulses, capillary refill, skin 
(e.g., temperature, color, moisture), and urine output. As shock 
progresses, the patient’s skin becomes cooler and mottled, urine 
output decreases, peripheral pulses diminish, and neurologic 
status declines.

To understand the complexity of the patient’s clinical status, 
integrate all of the assessment data. It is essential to obtain a 
brief history from the patient or caregiver, including a descrip-
tion of the events leading to the shock condition, time of onset 
and duration of symptoms, and a health history (e.g., medica-
tions, allergies, date of last tetanus vaccination, recent travel). 
In addition, obtain details regarding any care that the patient 
received before hospitalization.

NURSING DIAGNOSES
Nursing diagnoses for the patient in shock may include, but are 
not limited to, the following:

• Ineffective peripheral tissue perfusion with risk for 
decreased cardiac tissue perfusion, ineffective cerebral 
tissue perfusion, ineffective renal perfusion, impaired 
liver function, and ineffective GI perfusion related to low 
blood flow or maldistribution of blood

• Anxiety related to severity of condition and hypoxemia
Additional information on nursing diagnoses for the patient 

with shock is presented in eNursing Care Plan 67-1 (available 
on the website for this chapter).

PLANNING
The overall goals for a patient in shock include (1) evidence  
of adequate tissue perfusion, (2) restoration of normal or base-
line BP, (3) recovery of organ function, (4) avoidance of com-
plications from prolonged states of hypoperfusion, and (5) 
prevention of health care–acquired complications of disease 
management and care.

NURSING IMPLEMENTATION
HEALTH PROMOTION. You have an important role in the pre-

vention of shock, beginning with the identification of patients 
at risk. In general, patients who are older, are immunocompro-
mised, or have chronic illnesses are at an increased risk. Any 
person who has surgery or trauma is at risk for shock resulting 
from hemorrhage, spinal cord injury, sepsis, and other condi-
tions (see Table 67-1).

Planning is essential to help prevent shock after you iden-
tify an at-risk person. For example, a person with an acute 

Obtain cultures (e.g., blood, wound exudate, urine, stool, 
sputum) before antibiotics are started. However, this should not 
delay the start of antibiotics within the first hour. Broad-
spectrum antibiotics are given first, followed by antibiotics that 
are more specific once the organism has been identified.9

Glucose levels should be maintained below 180 mg/dL 
(10.0 mmol/L) for patients in shock. Intensive glucose control 
(81 to 108 mg/dL) actually increases mortality.21 Frequently 
monitor glucose levels in all patients in septic shock.

Stress ulcer prophylaxis with proton pump inhibitors (e.g., 
pantoprazole [Protonix]) for patients with bleeding risk factors 
and venous thromboembolism prophylaxis (e.g., heparin, 
enoxaparin [Lovenox]) are also recommended for these 
patients.9

Neurogenic Shock. The specific treatment of neurogenic 
shock is based on the cause. If the cause is spinal cord injury, 
general measures to promote spinal stability (e.g., spinal precau-
tions, cervical stabilization with a collar) are initially used. Once 
the spine is stabilized, definitive treatment of the hypotension 
and bradycardia is essential to prevent further spinal cord 
damage. Hypotension, which occurs as a result of a loss of 
sympathetic tone, is associated with peripheral vasodilation and 
decreased venous return. Treatment involves the use of vaso-
pressors (e.g., phenylephrine) to maintain BP and organ perfu-
sion (see Table 67-8). Bradycardia may be treated with atropine 
(AtroPen). Infuse fluids cautiously as the cause of the hypoten-
sion is not related to fluid loss.7

The patient with a spinal cord injury also needs to be moni-
tored for hypothermia caused by hypothalamic dysfunction (see 
Table 67-9). Although corticosteroids do not have an effect in 
neurogenic shock, methylprednisolone (Solu-Medrol) is used 
for patients with a spinal cord injury to prevent secondary 
spinal cord damage caused by the release of chemical mediators 
(see Chapter 61).

Anaphylactic Shock. The first strategy in managing patients 
at risk for anaphylactic shock is prevention. A thorough history 
is key to avoid the risk factors for anaphylaxis (see Table 67-1). 
The clinical presentation of anaphylactic shock is dramatic, and 
immediate intervention is required. (An example of an anaphy-
laxis algorithm [eFig. 67-5] is available on the website for this 
chapter.) Epinephrine is the drug of choice to treat anaphylactic 
shock.8 It causes peripheral vasoconstriction and bronchodila-
tion and opposes the effect of histamine. IV diphenhydramine 
(Benadryl) is given to block the massive release of histamine 
from the allergic reaction.

Maintaining a patent airway is important because the patient 
can quickly develop airway compromise from laryngeal edema 
or bronchoconstriction. Nebulized bronchodilators are highly 
effective. Aerosolized epinephrine can also be used to treat la-
ryngeal edema. Endotracheal intubation or cricothyroidotomy 
may be necessary to secure and maintain a patent airway.

Hypotension results from leakage of fluid out of the intra-
vascular space into the interstitial space as a result of increased 
vascular permeability and vasodilation. Aggressive fluid resus-
citation, predominantly with colloids, is necessary. IV cortico-
steroids may be helpful in anaphylactic shock if significant 
hypotension persists after 1 to 2 hours of aggressive therapy (see 
Tables 67-8 and 67-9).

Obstructive Shock. The primary strategy in treating obstruc-
tive shock is early recognition and treatment to relieve or 
manage the obstruction (see Table 67-1). Mechanical decom-
pression for pericardial tamponade, tension pneumothorax, 
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Note and report any subtle changes in the patient’s mental status 
(e.g., mild agitation).

Orient the patient to person, place, time, and events on a 
regular basis. Orientation to the intensive care unit (ICU) envi-
ronment is particularly important. Minimize noise and light 
levels to control sensory input. Maintain a day-night cycle of 
activity and rest as much as possible. Sensory overload and 
disruption of the patient’s diurnal cycle may contribute to delir-
ium (see Chapter 66).

Cardiovascular Status. Most of the therapy for shock is based 
on information about the patient’s cardiovascular status. If the 
patient is unstable, continuously assess heart rate and rhythm, 
BP, CVP, and PA pressures, including CO, SVR, and SVV (if 
available). (Chapter 66 discusses hemodynamic monitoring.) 
Monitoring trends in hemodynamic parameters provides more 
important information than single values. Integration of hemo-
dynamic data with physical assessment data is essential in plan-
ning strategies to manage the patient with shock.

Patients in shock often have hypotension. There is no defini-
tive research that supports placing patients in the Trendelen-
burg (head-down) position during hypotensive crisis. Patients 
in this position may experience compromised pulmonary func-
tion and increased intracranial pressure. The Trendelenburg 
position should not be used to treat hypotension.23

Continuously monitor the patient’s ECG to detect dysrhyth-
mias that may result from the cardiovascular and metabolic 
abnormalities associated with shock. Assess heart sounds for an 
S3 or S4 sound or new murmurs. An S3 sound usually indicates 
heart failure.

In addition to monitoring the patient’s cardiovascular status, 
give the prescribed therapy to correct the dysfunctions of the 
cardiovascular system. Assess the patient’s response to fluid and 
medication administration as often as every 10 to 15 minutes. 
Make appropriate adjustments (e.g., medication titration) as 
needed. Once tissue perfusion is restored and the patient is 
stabilized, you can decrease the frequency of monitoring and 
slowly wean the patient off medications to support BP and 
tissue perfusion.

Respiratory Status. Frequently assess the respiratory status of 
the patient in shock to ensure adequate oxygenation, detect 
complications early, and provide data regarding the patient’s 
acid-base status. Initially monitor the rate, depth, and rhythm 
of respirations as frequently as every 15 to 30 minutes. Increased 
rate and depth provide information regarding the patient’s 
attempts to correct metabolic acidosis. Assess breath sounds 
every 1 to 2 hours and as needed for any changes that may 
indicate fluid overload or accumulation of secretions.

Use pulse oximetry to continuously monitor oxygen satura-
tion. Pulse oximetry using a patient’s finger may not be accurate 
in a shock state because of poor peripheral circulation. Instead, 
attach the probe to the ear, nose, or forehead (according to the 
manufacturer’s guidelines). Arterial blood gases (ABGs) provide 
definitive information on ventilation and oxygenation status 
and acid-base balance. Initial interpretation of ABGs is often 
your responsibility. A PaO2 below 60 mm Hg (in the absence of 
chronic lung disease) indicates hypoxemia and the need for 
higher oxygen concentrations or for a different mode of oxygen 
administration. Low PaCO2 with a low pH and low bicarbonate 
level may indicate that the patient is attempting to compensate 
for metabolic acidosis from increasing lactate levels.

A rising PaCO2 with a persistently low pH and PaO2 indi-
cates the need for advanced pulmonary management. Most 

anterior wall MI is at high risk for cardiogenic shock.22 The 
primary goal for this patient is to limit the infarct size. This is 
done by restoring coronary blood flow through percutaneous 
coronary intervention, thrombolytic therapy, or surgical revas-
cularization. Rest, analgesics, and sedation can reduce the 
myocardial demand for oxygen. Modify the patient’s environ-
ment to provide care at intervals that will not increase the 
patient’s oxygen demand. For example, if the patient becomes 
tired with bathing, perform this care at a time that does not 
interfere with tests or other activities that may also increase 
oxygen demand.

A person with a severe allergy to such substances as drugs, 
shellfish, insect bites, and latex is at increased risk for anaphy-
lactic shock. This risk can be decreased if the patient is carefully 
questioned about allergies.

SAFETY ALERT
•	 Always	confirm	 the	patient’s	 allergies	before	administering	medica-

tions	or	beginning	diagnostic	procedures	(e.g.,	computed	tomography	
[CT]	scan	with	contrast	media).

•	 Premedicate	 (e.g.,	 diphenhydramine,	 methylprednisolone)	 patients	
who	need	a	drug	to	which	they	are	at	high	risk	for	an	allergic	reaction	
(e.g.,	contrast	media).

•	 Encourage	patients	with	allergies	to	obtain	and	wear	a	medical	alert	
tag	and	report	their	allergies	to	their	health	care	providers.

•	 Instruct	patients	about	the	availability	of	kits	that	contain	equipment	
and	medication	(e.g.,	epinephrine	[EpiPen])	for	the	treatment	of	acute	
allergic	reactions.

Careful monitoring of fluid balance can help prevent hypo-
volemic shock. Ongoing monitoring of intake and output and 
daily weights is important. In addition, monitoring the patient’s 
clinical status is essential because trends in clinical findings are 
more meaningful than any one piece of clinical information.

Carefully monitor all patients for the development of infec-
tion. Progression from an infection to sepsis and septic shock 
depends on the patient’s defense mechanisms. Patients who are 
immunocompromised are at high risk for opportunistic infec-
tions. Strategies to decrease the risk of health care–associated 
infections (HAIs) include decreasing the number of invasive 
catheters (e.g., central lines, bladder catheters), using aseptic 
technique during invasive procedures, and paying strict atten-
tion to hand washing. In addition, all equipment must be 
changed per agency policy and thoroughly cleaned or discarded 
(if disposable) between patient use.

Evidence-based guidelines are available to reduce the risk of 
HAIs (e.g., ventilator-associated pneumonia, central line infec-
tions, catheter-associated urinary tract infections). These guide-
lines, called care bundles, outline key interventions aimed 
at reducing infections (see www.ihi.org/explore/Bundles/Pages/
default.aspx).

ACUTE INTERVENTION. Your role in shock involves (1) moni-
toring the patient’s ongoing physical and emotional status, (2) 
identifying trends to detect changes in the patient’s condition, 
(3) planning and implementing nursing interventions and 
therapy, (4) evaluating the patient’s response to therapy, (5) 
providing emotional support to the patient and caregiver, and 
(6) collaborating with other members of the health team to 
coordinate care (see Chapter 66).

Neurologic Status. Assess the patient’s neurologic status, 
including orientation and level of consciousness, at least every 
1 to 2 hours. The patient’s neurologic status is the best indicator 
of cerebral blood flow. Be aware of the clinical manifestations 
of neurologic involvement (e.g., changes in behavior, restless-
ness, hyperalertness, blurred vision, confusion, paresthesias). 
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and an opioid or anesthetic (e.g., morphine, propofol [Dipri-
van]) are extremely helpful in decreasing anxiety and pain.

Talk to the patient and encourage the caregiver to talk to the 
patient, even if the patient is intubated, is sedated, or appears 
comatose. Hearing is often the last sense to decrease, and even 
if the patient cannot respond, he or she may still be able to hear. 
If the intubated patient is capable of writing, provide a “magic 
slate” or a pencil and paper. Alphabet boards or signboards with 
common requests (e.g., turn, fan, lights) are also useful.

Provide the patient with simple explanations of all proce-
dures before you carry them out, as well as information regard-
ing the current plan of care. If the patient or caregiver asks 
questions about progress and prognosis, provide simple and 
honest answers.

Do not overlook the patient’s spiritual needs. Patients may 
desire a visit from a chaplain, priest, rabbi, or minister. One way 
to provide support is to offer to call a member of the clergy 
rather than wait for the patient or caregiver to express a wish 
for spiritual counseling.

Caregivers can have a therapeutic effect on the patient by 
providing support and comfort. Caregivers (1) link the patient 
to the outside world; (2) facilitate decision making and advise 
the patient; (3) assist with activities of daily living; (4) act as 
liaisons to advise the health care team of the patient’s wishes for 
care; and (5) provide safe, caring, familiar relationships for the 
patient.25-27 Most important, caregivers wish to be kept informed 
of the patient’s condition. If possible, the same nurses should 
continually care for the patient to decrease anxiety, limit con-
flicting information, and increase trust. If the prognosis becomes 
grave, support the patient’s caregiver when making difficult 
decisions such as withdrawing life support. The health care 
team must promote realistic expectations and outcomes. 
Remember, compassion is as essential as scientific and technical 
expertise in the total care of the patient and caregiver.

You should ensure that the caregiver is able to spend time 
with the patient, provided the patient perceives this time as 
comforting. Explain in simple terms the purpose of any tubes 
and equipment attached to or surrounding the patient. Inform 
the caregivers of what they may and may not touch. If possible, 
place the patient’s hands and arms outside the sheets to encour-
age therapeutic touch. Encourage caregivers to perform simple 
comfort measures if desired. Provide privacy as much as pos-
sible, but assure the patient and caregiver that assistance is 
readily available should it be needed. Position the call bell in 
reach of the patient or caregiver at all times.

AMBULATORY AND HOME CARE. Rehabilitation of the patient 
who has experienced critical illness requires correction of the 
precipitating cause, prevention or early treatment of complica-
tions, and education focused on disease management or pre-
vention of recurrence based on the initial cause of shock. 
Continue to monitor the patient for indications of complica-
tions throughout the recovery period. These may include 
decreased range of motion, muscle weakness, decreased physi-
cal endurance, renal failure following acute tubular necrosis 
(see Chapter 47), and fibrotic lung disease caused by ARDS  
(see Chapter 68). Thus patients recovering from shock often 
require diverse services after discharge. These can include 
admission to transitional care units (e.g., for mechanical venti-
lation weaning), rehabilitation centers (inpatient or outpatient), 
or home health care agencies. Start planning for a safe transi-
tion from hospital to home as soon as the patient is admitted 
to the hospital.

patients in shock are intubated and on mechanical ventilation. 
Maintaining a patent airway and monitoring for ventilator-
related complications are critical. (Chapter 66 discusses artifi-
cial airways and mechanical ventilation.)

Renal Status. Initially, measure urine output every 1 to 2 
hours to assess the adequacy of renal perfusion. Inserting an 
indwelling bladder catheter facilitates measurements. Urine 
output below 0.5 mL/kg/hr may indicate inadequate perfusion 
of the kidneys. Also use trends in serum creatinine values to 
assess renal function. Serum creatinine is a better indicator of 
renal function than BUN levels, since BUN is affected by the 
patient’s catabolic state.

Body Temperature and Skin Changes. Monitor temperature every 
4 hours if normal. In the presence of an elevated or subnormal 
temperature, obtain hourly core temperatures (e.g., urinary or 
PA catheter). Use light covers and control the room temperature 
to keep the patient comfortably warm. If the patient’s tempera-
ture rises above 101.5° F (38.6° C) and the patient becomes un-
comfortable or experiences cardiovascular compromise, manage 
the fever with antipyretic drugs (e.g., ibuprofen [Motrin], acet-
aminophen [Tylenol]) or remove some of the patient’s covers.

Monitor the patient’s skin (e.g., upper and lower extremities) 
for signs of adequate perfusion. Changes in temperature, pallor, 
flushing, cyanosis, diaphoresis, and piloerection may indicate 
hypoperfusion.

Gastrointestinal Status. Auscultate bowel sounds at least every 
4 hours, and monitor for abdominal distention. If a nasogastric 
tube is present, measure drainage and check for occult blood. 
Similarly, check all stools for occult blood.

Personal Hygiene. Hygiene is especially important to the 
patient in shock because impaired tissue perfusion predisposes 
the patient to skin breakdown and infection. Perform bathing 
and other nursing measures carefully because a patient in shock 
is experiencing problems with oxygen delivery to tissues. The 
increased oxygen demand that occurs during bathing and repo-
sitioning of patients with limited oxygen reserves makes the 
prevention of health care–associated pressure ulcers challeng-
ing. Turn the patient at least every 1 to 2 hours and maintain 
good body alignment to help prevent pressure ulcers. Use a 
pressure-relieving or pressure-reducing mattress or a specialty 
bed as needed. Use good clinical judgment in determining pri-
orities of care to limit the demands for increased oxygen. 
Perform passive range of motion three or four times a day to 
maintain joint mobility. Monitor trends in oxygen consumption 
(e.g., SpO2, ScvO2/SvO2) during all nursing interventions to 
assess the patient’s tolerance of activity.

Oral care for the patient in shock is essential because mucous 
membranes may become dry and fragile in the volume-depleted 
patient. In addition, the intubated patient usually has difficulty 
swallowing, resulting in pooled secretions in the mouth. Apply 
a water-soluble lubricant to the lips to prevent drying and crack-
ing. Brush the patient’s teeth or gums with a soft toothbrush 
every 12 hours, and swab the lips and oral mucosa with a mois-
turizing solution every 2 to 4 hours.24

Emotional Support and Comfort. Do not underestimate the effects 
of fear and anxiety when the patient and caregiver are faced 
with a critical, life-threatening situation (see Chapter 66). Fear, 
anxiety, and pain may aggravate respiratory distress and in-
crease the release of catecholamines. When implementing care, 
monitor the patient’s mental state and level of pain. Provide 
medications to decrease anxiety and pain as appropriate. Con-
tinuous infusions of a benzodiazepine (e.g., lorazepam [Ativan]) 
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EVALUATION
The expected outcomes for the patient in shock include

• Adequate tissue perfusion with restoration of normal or 
baseline BP

• Normal organ function with no complications from 
hypoperfusion

• Decreased fear and anxiety and increased psychologic 
comfort

Additional information on expected outcomes for the patient 
with shock is presented in eNursing Care Plan 67-1 (available 
on the website for this chapter).

SYSTEMIC INFLAMMATORY RESPONSE 
SYNDROME AND MULTIPLE ORGAN 
DYSFUNCTION SYNDROME

Etiology and Pathophysiology
Systemic inflammatory response syndrome (SIRS) is a sys-
temic inflammatory response to a variety of insults, including 
infection (referred to as sepsis), ischemia, infarction, and injury 
(see Table 67-4). Generalized inflammation in organs remote 
from the initial insult characterizes SIRS.12 A systemic inflam-
matory response can be triggered by many different mecha-
nisms, including the following:

• Mechanical tissue trauma: Burns, crush injuries, surgical 
procedures

• Abscess formation: Intraabdominal, extremities
• Ischemic or necrotic tissue: Pancreatitis, vascular disease, 

MI
• Microbial invasion: Bacteria, viruses, fungi, parasites
• Endotoxin release: Gram-negative and gram-positive 

bacteria
• Global perfusion deficits: Postcardiac resuscitation, shock 

states
• Regional perfusion deficits: Distal perfusion deficits
Multiple organ dysfunction syndrome (MODS) is the fail-

ure of two or more organ systems in an acutely ill patient such 
that homeostasis cannot be maintained without intervention. 
MODS results from SIRS. These two syndromes represent the 
ends of a continuum. Transition from SIRS to MODS does not 
occur in a clear-cut manner12 (see Fig. 67-1).

Organ and Metabolic Dysfunction. When the inflammatory 
response is activated, consequences include the release of medi-
ators, direct damage to the endothelium, and hypermetabolism. 
In addition, vascular permeability increases. This allows media-
tors and protein to leak out of the endothelium and into the 
interstitial space. White blood cells begin to digest the foreign 
debris, and the coagulation cascade is activated (see Chapter 
30). Hypotension, decreased perfusion, microemboli, and 
redistributed or shunted blood flow eventually compromise 
organ perfusion.

The respiratory system is often the first system to show signs 
of dysfunction in SIRS and MODS.9,10,12 Inflammatory media-
tors have a direct effect on the pulmonary vasculature. The 
endothelial damage from the release of inflammatory mediators 
causes increased capillary permeability. This causes movement 
of fluid from the pulmonary vasculature into the pulmonary 
interstitial spaces. The fluid then moves to the alveoli, causing 
alveolar edema. Type I pneumocytes (alveolar cells) are 
destroyed. Type II pneumocytes are damaged, and surfactant 
production is decreased. The alveoli collapse. This creates an 
increase in shunt (blood flow to the lungs that does not partici-

pate in gas exchange) and worsening ventilation-perfusion mis-
match. The end result is ARDS. Patients with ARDS need 
aggressive pulmonary management with mechanical ventila-
tion. (See Chapter 68 for a complete discussion of ARDS.)

Cardiovascular changes include myocardial depression and 
massive vasodilation in response to increasing tissue demands. 
Vasodilation results in decreased SVR and BP. The baroreceptor 
reflex causes release of inotropic (increasing force of contrac-
tion) and chronotropic (increasing heart rate) factors that 
enhance CO. To compensate for hypotension, CO increases by 
an increase in heart rate and stroke volume. Increases in capil-
lary permeability cause a shift of albumin and fluid out of the 
vascular space, further reducing venous return and thus preload. 
The patient becomes warm and tachycardic with a high CO and 
a low SVR. Other signs include decreased capillary refill, skin 
mottling, increased CVP and PAWP, and dysrhythmias. ScvO2/
SvO2 may be abnormally high because the patient is perfusing 
areas not consuming much oxygen (e.g., skin, nonworking 
muscle) while other areas may have blood shunted away from 
them. Eventually, either perfusion of vital organs becomes 
insufficient or the cells are unable to use oxygen and their func-
tion is further compromised.

Neurologic dysfunction commonly presents as mental status 
changes with SIRS and MODS. These acute changes can be an 
early sign of SIRS or MODS. The patient may become confused 
and agitated, combative, disoriented, lethargic, or comatose. 
These mental status changes may be due to hypoxemia, the 
effects of inflammatory mediators, or impaired perfusion.

Acute kidney injury (AKI) is frequently seen in SIRS and 
MODS. Hypoperfusion and the effects of the mediators can 
cause AKI. Decreased perfusion to the kidneys activates the 
SNS and the renin-angiotensin system. The stimulation of the 
renin-angiotensin system results in systemic vasoconstriction 
and aldosterone-mediated sodium and water reabsorption. 
Another risk factor for the development of AKI is the use of 
nephrotoxic drugs. Antibiotics commonly used to treat gram-
negative bacteria (e.g., aminoglycosides) can be nephrotoxic. 
Careful monitoring of drug levels is essential to avoid the neph-
rotoxic effects.

The GI tract also plays a key role in the development of 
MODS. GI motility is often decreased in critical illness, causing 
abdominal distention and paralytic ileus. In the early stages  
of SIRS and MODS, blood is also shunted away from the  
GI mucosa, making it highly vulnerable to ischemic injury. 
Decreased perfusion leads to a breakdown of this normally 
protective mucosal barrier, thus increasing the risk for ulcer-
ation, GI bleeding, and bacterial movement from the GI tract 
into circulation.12

Metabolic changes are pronounced in SIRS and MODS. Both 
syndromes trigger a hypermetabolic response. Glycogen stores 
are rapidly converted to glucose (glycogenolysis). Once glyco-
gen is depleted, amino acids are converted to glucose (gluco-
neogenesis), reducing protein stores. Fatty acids are mobilized 
for fuel. Catecholamines and glucocorticoids are released and 
result in hyperglycemia and insulin resistance. The net result is 
a catabolic state, and lean body mass (muscle) is lost.

The hypermetabolism associated with SIRS and MODS may 
last for several days and results in liver dysfunction. Liver dys-
function in MODS may begin long before clinical evidence of 
it is present. Protein synthesis is impaired. The liver cannot 
make albumin, one of the key proteins in maintaining plasma 
oncotic pressure. Consequently, plasma oncotic pressure is 
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reduce the risk of infection. Strict asepsis can decrease infec-
tions related to intraarterial lines, endotracheal tubes, indwell-
ing bladder catheters, IV lines, and other invasive devices or 
procedures. Daily assessment of the ongoing need for invasive 
lines and other devices is an important strategy to prevent or 
limit HAIs.

Despite aggressive strategies, infection may develop. Once an 
infection is suspected, begin interventions to treat the cause. 
Send appropriate cultures and initiate broad-spectrum antibi-
otic therapy, as ordered. Therapy is adjusted based on the caus-
ative organism, if necessary.

MAINTENANCE OF TISSUE OXYGENATION
Hypoxemia frequently occurs in patients with SIRS and MODS. 
These patients have greater oxygen needs and decreased oxygen 
supply to the tissues. Interventions that decrease oxygen demand 
and increase oxygen delivery are essential. Sedation, mechanical 
ventilation, analgesia, and rest may decrease oxygen demand 
and should be considered. Oxygen delivery may be optimized 
by maintaining normal levels of hemoglobin (e.g., transfusion 
of packed RBCs) and PaO2 (80 to 100 mm Hg), using individu-
alized tidal volumes with positive end-expiratory pressure, 
increasing preload (e.g., fluids) or myocardial contractility to 
enhance CO, or reducing afterload to increase CO.

NUTRITIONAL AND METABOLIC NEEDS
Hypermetabolism in SIRS or MODS can result in profound 
weight loss, cachexia, and further organ failure. Protein-calorie 
malnutrition is one of the primary signs of hypermetabolism in 
SIRS and MODS. Total energy expenditure is often increased 
1.5 to 2.0 times the normal metabolic rate. Because of their rela-
tively short half-life, monitor plasma transferrin and prealbu-
min levels to assess hepatic protein synthesis.

The goal of nutritional support is to preserve organ function. 
Providing early and optimal nutrition decreases morbidity and 
mortality rates in patients with SIRS and MODS. The enteral 
route is preferred, but if it cannot be used or cannot meet caloric 
needs, parenteral nutrition should be initiated or added.18,19 
(Chapter 40 discusses enteral and parenteral nutrition.) Atten-
tion to glycemic control with a goal of 140 to 180 mg/dL using 
insulin infusions is important in these patients.21

SUPPORT OF FAILING ORGANS
Support of any failing organ is a primary goal of therapy. For 
example, the patient with ARDS requires aggressive oxygen 
therapy and mechanical ventilation (see Chapter 68). DIC 
should be treated appropriately (e.g., blood products) (see 
Chapter 31). Renal failure may require dialysis. Continuous 
renal replacement therapy is better tolerated than hemodialysis, 
especially in a patient with hemodynamic instability (see 
Chapter 47).

A final consideration may be that further interventions are 
futile. It is important to maintain communication between the 
health care team and, in most cases, the patient’s caregiver 
regarding realistic goals and likely outcomes for the patient with 
MODS. Withdrawal of life support may be the best option for 
the patient.

altered, and fluid and protein leak from the vascular spaces to 
the interstitial space. Administration of albumin does not nor-
malize oncotic pressure in these patients at this point.

As the state of hypermetabolism persists, the patient cannot 
convert lactate to glucose, and lactate accumulates (lactic aci-
dosis). Despite increases in glycogenolysis and gluconeogenesis, 
eventually the liver is unable to maintain an adequate glucose 
level and the patient becomes hypoglycemic. Hypoglycemia can 
also develop due to acute adrenal insufficiency.

DIC may result from dysfunction of the coagulation sys-
tem. DIC causes simultaneous microvascular clotting and 
bleeding because of the depletion of clotting factors and plate-
lets in addition to excessive fibrinolysis. (Chapter 31 discusses 
DIC.)

Electrolyte imbalances are common and result from the hor-
monal and metabolic changes and fluid shifts. These changes 
worsen mental status changes, neuromuscular dysfunction, and 
dysrhythmias. The release of ADH and aldosterone results in 
sodium and water retention. Aldosterone increases urinary 
potassium loss, and catecholamines cause potassium to move 
into the cell, resulting in hypokalemia. Hypokalemia is associ-
ated with dysrhythmias and muscle weakness. Metabolic acido-
sis results from impaired tissue perfusion, hypoxia, and a shift 
to anaerobic metabolism with a resultant increase in lactate 
levels. Progressive renal dysfunction also contributes to meta-
bolic acidosis. Hypocalcemia, hypomagnesemia, and hypo-
phosphatemia are common.

Clinical Manifestations of SIRS and MODS
The clinical manifestations of SIRS and MODS are presented  
in Table 67-10.

NURSING AND COLLABORATIVE MANAGEMENT 
SIRS AND MODS

The prognosis for the patient with MODS is poor, with mortal-
ity rates of 70% to 80% when three or more organ systems fail.12 
The most common cause of death continues to be sepsis. Sur-
vival improves with early, goal-directed therapy.9 (An example 
of a sepsis alert treatment protocol [eFig. 67-4] is available on 
the website for this chapter.) Therefore the most important goal 
is to prevent the progression of SIRS to MODS.

A critical part of your role is vigilant assessment and ongoing 
monitoring to detect early signs of deterioration or organ dys-
function. Collaborative care for patients with SIRS and MODS 
focuses on (1) prevention and treatment of infection, (2) main-
tenance of tissue oxygenation, (3) nutritional and metabolic 
support, and (4) appropriate support of individual failing 
organs. Table 67-10 summarizes the management for patients 
with SIRS and MODS.

PREVENTION AND TREATMENT OF INFECTION
Aggressive infection control strategies are essential to decrease 
the risk for HAIs. Early, aggressive surgery is recommended to 
remove necrotic tissue (e.g., early debridement of burn tissue) 
that can provide a culture medium for microorganisms. Aggres-
sive pulmonary management, including early ambulation, can 
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TABLE 67-10 MANIFESTATIONS AND MANAGEMENT OF SIRS AND MODS

ALT,	Alanine	aminotransferase;	APCO,	arterial	pressure–based	cardiac	output;	ARDS,	acute	respiratory	distress	syndrome;	AST,	aspartate	aminotransferase;	BUN,	blood	urea	
nitrogen;	CO,	cardiac	output;	GGT,	γ-glutamyl	transferase;	MAP,	mean	arterial	pressure;	NH3,	ammonia;	PA,	pulmonary	artery;	PAWP,	pulmonary	artery	wedge	pressure;	
PT,	prothrombin	time;	PTT,	partial	thromboplastin	time;	ScvO2,	oxygen	saturation	in	venous	blood;	SvO2,	oxygen	saturation	in	mixed	venous	blood;	SVR,	systemic	vascular	
resistance.

Manifestations Management
Respiratory System
Development	of	ARDS	(see	

Chapter	68):
•	 Severe	dyspnea
•	 Tachypnea
•	 PaO2/FIO2	ratio	<200
•	 Bilateral	fluffy	infiltrates	on	

chest	x-ray
•	 PAWP	<18	mm	Hg
•	 Ventilation-perfusion	(V/Q)	

mismatch
•	 Pulmonary	hypertension
•	 Increased	minute	ventilation
•	 Decreased	compliance
•	 Refractory	hypoxemia

Prevention
Optimize	O2	delivery	and	minimize	

O2	consumption
Mechanical	ventilation	(see	

Chapter	66)
•	 Positive	end-expiratory	

pressure
•	 Lung	protective	modes	(e.g.,	

pressure-control	inverse	ratio	
ventilation,	low	tidal	volumes)

•	 Permissive	hypercapnia
•	 Positioning	(e.g.,	continuous	

lateral	rotation	therapy,	prone	
positioning)

Cardiovascular System
Myocardial	depression
Massive	vasodilation
↓	SVR,	BP
↓	MAP
↑	HR,	stroke	volume
↑	CO
Systolic,	diastolic	dysfunction
Biventricular	failure

Volume	management
•	 Central	venous	or	PA	

catheter	for	hemodynamic	
monitoring

•	 APCO	for	minimally	invasive	
hemodynamic	monitoring

•	 ↑	Preload	via	volume	
replacement

•	 Arterial	pressure	monitoring
•	 Maintain	MAP	>65	mm	Hg

Vasopressors
Intermittent	or	continuous	ScvO2/

SvO2	monitoring
Balance	O2	supply	and	demand
Continuous	ECG	monitoring
Circulatory	assist	devices
Venous	thromboembolism	

prophylaxis

Central Nervous System
Acute	change	in	neurologic	status
Fever
Hepatic	encephalopathy
Seizures
Confusion,	disorientation,	delirium
Failure	to	wean,	prolonged	

rehabilitation

Evaluate	for	hepatic	or	metabolic	
encephalopathy

Optimize	cerebral	blood	flow
↓	Cerebral	O2	requirements
Prevent	secondary	tissue	ischemia
Calcium	channel	blockers	(reduce	

cerebral	vasospasm)

Endocrine System
Hyperglycemia	→	hypoglycemia Provide	continuous	infusion	of	

insulin	and	glucose	to	maintain	
blood	glucose	140-180	mg/dL	
(7.77-10.0	mmol/L)

Manifestations Management

Renal System
Prerenal:	Renal	hypoperfusion

•	 BUN/creatinine	ratio	>20:1
•	 ↓	Urine	Na+	<20	mEq/L
•	 ↑	Urine	specific	gravity	

>1.020
•	 ↑	Urine	osmolality

Diuretics
•	 Loop	diuretics	(e.g.,	

furosemide	[Lasix])
•	 May	need	to	increase	dosage	

due	to	↓	glomerular	filtration	
rate

Intrarenal:	Acute	tubular	necrosis
•	 BUN/creatinine	ratio	

<10:1-15:1
•	 ↑	Urine	Na+	>20	mEq/L
•	 ↓	Urine	osmolality
•	 Urine	specific	gravity	~1.010

Continuous	renal	replacement	
therapy	(see	Chapter	47)

Gastrointestinal System
Mucosal	ischemia

•	 ↓	Intramucosal	pH
•	 Potential	translocation	of	gut	

bacteria
•	 Potential	abdominal	

compartment	syndrome
Hypoperfusion	→	↓	peristalsis,	

paralytic	ileus
Mucosal	ulceration	on	endoscopy
GI	bleeding

Stress	ulcer	prophylaxis
•	 Antacids	(e.g.,	Maalox)
•	 Proton	pump	inhibitors	(e.g.,	

omeprazole	[Prilosec])
•	 sucralfate	(Carafate)

Monitor	abdominal	distention,	
intraabdominal	pressures

Dietary	consultation
Enteral	feedings

•	 Stimulate	mucosal	activity
•	 Provide	essential	nutrients	

and	optimal	calories

Hepatic System
Bilirubin	>2	mg/dL	(34	µmol/L)
↑	Liver	enzymes	(ALT,	AST,	GGT)
↑	Serum	NH3

↓	Serum	albumin,	prealbumin,	
transferrin

Jaundice
Hepatic	encephalopathy

Maintain	adequate	tissue	
perfusion

Provide	nutritional	support	(e.g.,	
enteral	feedings)

Careful	use	of	drugs	metabolized	
by	liver

Hematologic System
↑	Bleeding	times,	↑	PT,	↑	PTT
↓	Platelet	count	

(thrombocytopenia)
↑	Fibrin	split	products
↑	D-dimer

Observe	for	bleeding	from	obvious	
and/or	occult	sites

Replace	factors	being	lost	(e.g.,	
platelets)

Minimize	traumatic	interventions	
(e.g.,	IM	injections,	multiple	
venipunctures)
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CASE STUDY
Shock

Patient Profile
K.L.,	 a	25-yr-old	Korean	American,	was	not	wearing	
his	 seat	 belt	 when	 he	 was	 the	 driver	 involved	 in	 a	
motor	vehicle	crash.	The	windshield	was	broken,	and	
K.L.	was	found	15	ft	from	his	car.	He	was	face	down,	
conscious,	and	moaning.	His	wife	and	daughter	were	
found	 in	 the	car	with	 their	 seat	belts	on.	They	sus-
tained	 no	 serious	 injuries,	 but	 were	 upset.	 All	 pas-

sengers	 were	 taken	 to	 the	 emergency	 department	 (ED).	 The	 following	
information	pertains	to	K.L.

Subjective Data
•	 States,	“I	can’t	breathe”
•	 Cries	out	when	abdomen	is	palpated

Objective Data
Physical Examination
•	 Cardiovascular:	 BP	 80/56	mm	Hg;	 apical	 pulse	 138	 but	 no	 palpable	

radial	or	pedal	pulses;	carotid	pulse	present	but	weak
•	 ECG	as	follows:

•	 Lungs:	respiratory	rate	38	breaths/min;	labored	breathing	with	shallow	
respirations;	 asymmetric	 chest	 wall	 movement;	 absence	 of	 breath	
sounds	on	left	side

•	 Trachea	deviated	slightly	to	the	right
•	 Abdomen:	 slightly	 distended	 and	 left	 upper	 quadrant	 painful	 on	

palpation
•	 Musculoskeletal:	open	compound	fracture	of	the	lower	left	leg

Diagnostic Studies
•	 Chest	x-ray:	Hemothorax	and	six	rib	fractures	on	left	side
•	 Hematocrit:	28%

Collaborative Care (in the ED)
•	 Left	chest	tube	placed,	draining	bright	red	blood
•	 IV	access	obtained	via	one	peripheral	 line	and	right	subclavian	central	

line
•	 Fluid	resuscitation	started	with	crystalloids
•	 High-flow	O2	via	non-rebreather	mask

Surgical Procedure
•	 Splenectomy
•	 Repair	of	torn	intercostal	artery
•	 Repair	of	compound	fracture

Discussion Questions
1.	What	types	of	shock	is	K.L.	experiencing?	What	clinical	manifestations	

did	he	display	that	support	your	answer?
2.	What	were	the	causes	of	K.L.’s	shock	states?	What	are	other	causes	

of	these	types	of	shock?
3.	Priority Decision:	What	are	the	priority	nursing	responsibilities	for	K.L.?
4.	Priority Decision:	What	ongoing	nursing	assessment	parameters	are	

essential	for	this	patient?
5.	What	are	his	potential	complications?
6.	Priority Decision:	Based	on	the	assessment	data	presented,	what	are	

the	priority	nursing	diagnoses?
7.	Delegation Decision:	 Identify	 the	 tasks	 that	 could	 be	 delegated	 to	

unlicensed	assistive	personnel	(UAP).
8.	Evidence-Based Practice:	You	are	orienting	a	new	graduate	RN.	He	

asks	you	why	crystalloids	are	used	instead	of	colloids	for	fluid	resuscita-
tion.	What	is	your	response?

	 Answers	available	at	http://evolve.elsevier.com/Lewis/medsurg.

iStockphoto/Thinkstock

The number of the question corresponds to the same-numbered 
outcome at the beginning of the chapter.
1. A patient has a spinal cord injury at T4. Vital signs include falling 

blood pressure with bradycardia. The nurse recognizes that the 
patient is experiencing
a. a relative hypervolemia.
b. an absolute hypovolemia.
c. neurogenic shock from low blood flow.
d. neurogenic shock from massive vasodilation.

2. A 78-year-old man has confusion and temperature of 104° F (40° 
C). He is a diabetic with purulent drainage from his right heel. After 
an infusion of 3 L of normal saline solution, his assessment findings 
are BP 84/40 mm Hg; heart rate 110; respiratory rate 42 and 
shallow; CO 8 L/minute; and PAWP 4 mm Hg. This patient’s symp-
toms are most likely indicative of
a. sepsis.
b. septic shock.
c. multiple organ dysfunction syndrome.
d. systemic inflammatory response syndrome.

3. Appropriate treatment modalities for the management of cardio-
genic shock include (select all that apply)
a. dobutamine to increase myocardial contractility.
b. vasopressors to increase systemic vascular resistance.
c. circulatory assist devices such as an intraaortic balloon pump.
d. corticosteroids to stabilize the cell wall in the infarcted 

myocardium.
e. Trendelenburg positioning to facilitate venous return and 

increase preload.
4. The most accurate assessment parameters for the nurse to use to 

determine adequate tissue perfusion in the patient with MODS are
a. blood pressure, pulse, and respirations.
b. breath sounds, blood pressure, and body temperature.
c. pulse pressure, level of consciousness, and pupillary response.
d. level of consciousness, urine output, and skin color and tem-

perature.

 
For rationales to these answers and even more NCLEX review ques-
tions, visit http://evolve.elsevier.com/Lewis/medsurg.

B R I D G E  T O  N C L E X  E X A M I N A T I O N

1. d, 2. b, 3. a, c, 4. d
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Nursing Management
Respiratory Failure and  
Acute Respiratory Distress Syndrome
Richard Arbour

What oxygen is to the lungs, such is hope to 
the meaning of life.

Emil Brunner

L E A R N I N G  O U T C O M E S
1.	 Compare	the	pathophysiologic	mechanisms	and	clinical	manifestations	

that	result	in	hypoxemic	and	hypercapnic	respiratory	failure.
2.	 Differentiate	between	the	nursing	and	collaborative	management	of	

the	patient	with	hypoxemic	or	hypercapnic	respiratory	failure.
3.	 Relate	the	pathophysiologic	mechanisms	and	the	clinical	

manifestations	associated	with	acute	lung	injury	and	acute	
respiratory	distress	syndrome	(ARDS).

4.	 Select	appropriate	nursing	and	collaborative	management	strategies	
for	the	patient	with	ARDS.

5.	 Prioritize	measures	to	prevent	or	reverse	complications	that	may	
result	from	acute	respiratory	failure	or	ARDS.

K E Y  T E R M S
acute lung injury (ALI), p. 1665
acute respiratory distress syndrome 

(ARDS), p. 1665
alveolar hypoventilation, p. 1657

hypercapnia, p. 1654
hypercapnic respiratory failure, p. 1655
hypoxemia, p. 1654
hypoxemic respiratory failure, p. 1655

hypoxia, p. 1658
refractory hypoxemia, p. 1666
shunt, p. 1656
work of breathing (WOB), p. 1659

This chapter discusses the etiology, pathophysiology, and clin-
ical manifestations of acute respiratory failure and acute respi-
ratory distress syndrome (ARDS). Nursing and collaborative 
management of patients with respiratory failure and ARDS 
focuses on interventions to promote adequate oxygenation 
and ventilation while addressing the underlying causes.

ACUTE RESPIRATORY FAILURE

The major function of the respiratory system is gas exchange. 
This involves the transfer of oxygen (O2) and carbon dioxide 
(CO2) between atmospheric air and circulating blood within 

the pulmonary capillary bed (Fig. 68-1). Respiratory failure 
results when one or both of these gas-exchanging functions 
are inadequate (e.g., insufficient O2 is transferred to the blood 
or inadequate CO2 is removed from the lungs). Diseases that 
interfere with adequate O2 transfer result in hypoxemia. This 
causes a decrease in arterial O2 (PaO2) and saturation (SaO2). 
Insufficient CO2 removal results in hypercapnia. This causes 
an increase in arterial CO2 (PaCO2).1-4

Arterial blood gases (ABGs) are used to assess changes in 
pH, PaO2, PaCO2, bicarbonate, and SaO2. Pulse oximetry is 
used intermittently or continuously to assess arterial O2 satu-
ration (SpO2).
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minute (4 to 5 L). In a perfectly matched system, each portion 
of the lung would receive 1 mL of air (ventilation) for each 1 mL 
of blood flow (perfusion). This match of ventilation and perfu-
sion would result in a V/Q ratio of 1:1, which is expressed as 
V/Q = 1. When the match is not 1:1, a V/Q mismatch occurs.

Although this example implies that ventilation and perfusion 
are ideally matched in all areas of the lung, this situation does 
not normally exist. In reality, some regional mismatch occurs. 
At the lung apex, V/Q ratios are greater than 1 (more ventilation 

Respiratory failure is not a disease but a symptom of an 
underlying pathologic condition affecting lung function, O2 
delivery, cardiac output (CO), or the baseline metabolic state. It 
is a condition that occurs because of one or more diseases 
involving the lungs or other body systems (Table 68-1 and 
eTable 68-1 [available on the website for this text]). Respiratory 
failure is classified as hypoxemic or hypercapnic (Fig. 68-2). 
Hypoxemic respiratory failure is also referred to as oxygenation 
failure because the primary problem is inadequate O2 transfer 
between the alveoli and the pulmonary capillaries. Although no 
universal definition exists, hypoxemic respiratory failure is 
commonly defined as a PaO2 less than 60 mm Hg when the 
patient is receiving an inspired O2 concentration of 60% or 
more. This definition incorporates two important concepts:  
(1) the PaO2 level indicates inadequate O2 saturation of hemo-
globin, and (2) this PaO2 level exists despite administration of 
supplemental O2 at a percentage (60%) that is about three times 
that in room air (21%).5-7

Hypercapnic respiratory failure is also referred to as ventila-
tory failure because the primary problem is insufficient CO2 
removal. Hypercapnic respiratory failure is commonly defined 
as a PaCO2 greater than 45 mm Hg in combination with acide-
mia (arterial pH less than 7.35). This definition incorporates 
three important concepts: (1) the PaCO2 is higher than normal, 
(2) there is evidence of the body’s inability to compensate for 
this increase (acidemia), and (3) the pH is at a level where a 
further decrease may lead to severe acid-base imbalance. (See 
Chapter 17 for a discussion of acid-base balance.) Numerous 
disorders can compromise lung ventilation and subsequent 
carbon dioxide removal (see Table 68-1 and eTable 68-1).

Many patients experience both hypoxemic and hypercapnic 
respiratory failure.6-9 Always interpret data within the context 
of your assessment findings and the patient’s baseline. For 
example, a person with chronic lung disease may have a baseline 
PaCO2 higher than “normal.”

Etiology and Pathophysiology
Hypoxemic Respiratory Failure. Four physiologic mecha-

nisms may cause hypoxemia and subsequent hypoxemic respi-
ratory failure: (1) mismatch between ventilation (V) and 
perfusion (Q), commonly referred to as V/Q mismatch; (2) 
shunt; (3) diffusion limitation; and (4) alveolar hypoventilation. 
The most common causes are V/Q mismatch and shunt.

Ventilation-Perfusion Mismatch. In normal lungs the volume 
of blood perfusing the lungs each minute (4 to 5 L) is approxi-
mately equal to the amount of gas that reaches the alveoli each 

FIG. 68-1	 Normal	gas	exchange	unit	in	the	lung.	
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Pulmonary
vein

Pulmonary
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Pulmonary
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O2 CO2
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FIG. 68-2	 Classification	of	respiratory	failure.	

Respiratory failure

Hypoxemic
(Oxygenation failure)
PaO2 �60 mm Hg on

60% oxygen

Acute
(minutes
to hours)

Chronic
(several
days or
longer)

Acute
(minutes
to hours)

Chronic
(several
days or
longer)

Hypercapnic
(Ventilatory failure)
PaCO2 �45 mm Hg

and pH �7.35

TABLE 68-1 CAUSES OF HYPOXEMIC AND 
HYPERCAPNIC RESPIRATORY 
FAILURE*

Hypoxemic Respiratory 
Failure

Hypercapnic Respiratory 
Failure

Respiratory System
•	 Acute	respiratory	distress	

syndrome
•	 Pneumonia
•	 Toxic	inhalation	(e.g.,	

smoke	inhalation)
•	 Hepatopulmonary	syndrome	

(e.g.,	low-resistance	flow	
state,	V/Q	mismatch)

•	 Massive	pulmonary	
embolism	(e.g.,	thrombus	
emboli,	fat	emboli)

•	 Pulmonary	artery	laceration	
and	hemorrhage

•	 Inflammatory	state	and	
related	alveolar	injury

Cardiac System
•	 Anatomic	shunt	(e.g.,	

ventricular	septal	defect)
•	 Cardiogenic	pulmonary	

edema
•	 Shock	(decreasing	blood	

flow	through	pulmonary	
vasculature)

•	 High	cardiac	output	states:	
diffusion	limitation

Respiratory System
•	 Asthma
•	 COPD
•	 Cystic	fibrosis

Central Nervous System
•	 Brainstem	injury	or	infarction
•	 Sedative	and	opioid	overdose
•	 Spinal	cord	injury
•	 Severe	head	injury

Chest Wall
•	 Thoracic	trauma	(e.g.,	flail	chest)
•	 Kyphoscoliosis
•	 Pain
•	 Severe	obesity

Neuromuscular System
•	 Myasthenia	gravis
•	 Critical	illness	polyneuropathy
•	 Acute	myopathy
•	 Toxin	exposure	or	ingestion	(e.g.,	

tree	tobacco,	acetylcholinesterase	
inhibitors,	carbamate	or	
organophosphate	poisoning)

•	 Amyotrophic	lateral	sclerosis
•	 Phrenic	nerve	injury
•	 Guillain-Barré	syndrome
•	 Poliomyelitis
•	 Muscular	dystrophy
•	 Multiple	sclerosis

*List	is	not	all-inclusive.
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tion.10 In this case, increased O2 demand and CO2 production 
may increase ventilation demands. All these conditions result 
in limited airflow (ventilation) to alveoli but have no effect on 
blood flow (perfusion) to the gas exchange units (see Fig. 68-1). 
The consequence of the imbalance is V/Q mismatch.

A pulmonary embolus affects the perfusion portion of the 
V/Q relationship. The embolus limits blood flow but has no 
effect on airflow to the alveoli, again causing V/Q mismatch11 
(see Fig. 68-4). If large enough, the embolus can cause hemo-
dynamic compromise due to the blockage of a large pulmonary 
artery.

O2 therapy is an appropriate first step to reverse hypoxemia 
caused by V/Q mismatch because not all gas exchange units are 
affected. O2 therapy increases the PaO2 in blood leaving normal 
gas exchange units, thus causing a higher than normal PaO2. 
The well-oxygenated blood mixes with poorly oxygenated 
blood, raising the overall PaO2 of blood leaving the lungs. The 
optimal approach to treating hypoxemia caused by a V/Q mis-
match is directed at the cause.

Shunt. A shunt occurs when blood exits the heart without 
having participated in gas exchange. A shunt can be viewed as 
an extreme V/Q mismatch (see Fig. 68-4). There are two types 
of shunt: anatomic and intrapulmonary. An anatomic shunt 
occurs when blood passes through an anatomic channel in the 
heart (e.g., a ventricular septal defect) and bypasses the lungs. 
An intrapulmonary shunt occurs when blood flows through the 
pulmonary capillaries without participating in gas exchange. 
Intrapulmonary shunt is seen in conditions in which the alveoli 
fill with fluid (e.g., acute respiratory distress syndrome [ARDS], 
pneumonia).

O2 therapy alone is often ineffective in increasing the PaO2 
if hypoxemia is due to shunt. Patients with shunt are usually 
more hypoxemic than patients with V/Q mismatch. They often 
require mechanical ventilation and a high fraction of inspired 
O2 (FIO2) to improve gas exchange.

Diffusion Limitation. Diffusion limitation occurs when gas 
exchange across the alveolar-capillary interface is compromised 
by a process that thickens, damages, or destroys the alveolar 
membrane or affects blood flow through the pulmonary capil-
laries (Fig. 68-5). Diffusion limitation is worsened by disease 
states affecting the pulmonary vascular bed such as severe 
COPD or recurrent pulmonary emboli. Some disease states 
cause the alveolar-capillary interface to become thicker 
(fibrotic), which slows gas transport. These include pulmonary 
fibrosis, interstitial lung disease, and ARDS.12,13

than perfusion). At the lung base, V/Q ratios are less than 1 (less 
ventilation than perfusion). Because changes at the lung apex 
balance changes at the base, the net effect is a close overall 
match (Fig. 68-3).

Many diseases and conditions cause V/Q mismatch (Fig. 
68-4). The most common are those in which increased secre-
tions are present in the airways (e.g., chronic obstructive pul-
monary disease [COPD]) or alveoli (e.g., pneumonia), and in 
which bronchospasm is present (e.g., asthma).5-8 V/Q mismatch 
may also result from alveolar collapse (atelectasis) or as a result 
of pain. Pain interferes with chest and abdominal wall move-
ment and compromises ventilation. Additionally, it increases 
muscle tension, producing generalized muscle rigidity. Pain also 
causes systemic vasoconstriction and activates the stress 
response. Finally, it increases O2 consumption and CO2 produc-

FIG. 68-3	 Regional	V/Q	differences	 in	 the	normal	 lung.	At	 the	 lung	apex,	
the	V/Q	ratio	is	3.3,	at	the	midpoint	1.0,	and	at	the	base	0.63.	This	difference	
causes	the	PaO2	to	be	higher	at	the	apex	of	the	lung	and	lower	at	the	base.	
Values	for	PaCO2	are	the	opposite	(i.e.,	lower	at	the	apex	and	higher	at	the	
base).	Blood	that	exits	the	lung	is	a	mixture	of	these	values.	

3.3 132 28
Apex of lung

Midpoint 
of lung

Base of lung

1.0 108 39

0.63 89 42

V/Q PaO2 PaCO2

FIG. 68-4	 Range	of	ventilation-to-perfusion	(V/Q)	relationships.	A,	Absolute	
shunt,	 no	 ventilation	because	of	fluid	filling	 the	 alveoli.	B,	 V/Q	mismatch,	
ventilation	partially	compromised	by	secretions	in	the	airway.	C,	Normal	lung	
unit.	D,	V/Q	mismatch,	perfusion	partially	compromised	by	emboli	obstruct-
ing	blood	flow.	E,	Dead	space,	no	perfusion	because	of	obstruction	of	the	
pulmonary	capillary.	
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FIG. 68-5	 Diffusion	 limitation.	 Exchange	 of	 CO2	 and	 O2	 cannot	 occur	
because	of	the	thickened	alveolar-capillary	membrane.	
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Airway and Alveoli Abnormalities. Patients with asthma, 
COPD, and cystic fibrosis are at high risk for hypercapnic respi-
ratory failure because the underlying pathophysiology of these 
conditions results in airflow obstruction and air trapping. Ulti-
mately respiratory muscle fatigue and ventilatory failure occur 
due to the additional work needed to inspire adequate tidal 
volumes against increased airway resistance and air trapped 
within the alveoli.18-21

Central Nervous System Abnormalities. A variety of CNS 
problems may suppress the drive to breathe. A common example 
is an overdose of a respiratory depressant drug (e.g., opioids, 
benzodiazepines). In a dose-related manner, CNS depressants 
decrease CO2 reactivity in the brainstem. This allows arterial 
CO2 levels to rise. A brainstem infarction or severe head injury 
may also interfere with normal function of the respiratory 
center in the medulla. Patients with these conditions are at risk 
for respiratory failure because the medulla does not alter the 
respiratory rate in response to a change in PaCO2. CNS dysfunc-
tion may also include high-level spinal cord injuries that limit 
nerve supply to the respiratory muscles of the chest wall and 
diaphragm. Apart from direct brainstem dysfunction, meta-
bolic or structural brain injury resulting in decreased or loss of 
consciousness may interfere with the patient’s ability to manage 
secretions or adequately protect his or her airway.

Chest Wall Abnormalities. Several conditions prevent normal 
movement of the chest wall and limit lung expansion. In patients 
with flail chest, fractures prevent the rib cage from expanding 
normally because of pain, mechanical restriction, and muscle 
spasm. In patients with kyphoscoliosis, the change in spinal 
configuration compresses the lungs and prevents normal expan-
sion of the chest wall. In patients with severe obesity, the weight 
of the chest and abdominal contents may limit lung expansion. 
These conditions place patients at risk for respiratory failure 
because they limit lung expansion or diaphragmatic movement 
and consequently gas exchange.

Neuromuscular Conditions. Various types of neuromuscular 
diseases may result in respiratory muscle weakness or paralysis 
(see Table 68-1). For example, patients with Guillain-Barré syn-
drome, muscular dystrophy, myasthenia gravis (acute exacerba-
tion), or multiple sclerosis are at risk for respiratory failure 
because the respiratory muscles are weakened or paralyzed as a 
result of the underlying neuromuscular condition. Therefore 
they are unable to maintain normal PaCO2 levels.15-17

Neuromuscular disorders may be acquired as a consequence 
of exposure to toxins (e.g., carbamate/organophosphate pesti-
cides, chemical nerve agents) that interfere with the nerve 
supply to muscles and lung ventilation. Respiratory muscle 
weakness may also result from muscle wasting during a critical 
illness, peripheral nerve damage, and/or prolonged effects of 
neuromuscular blocking agents.

In summary, respiratory failure may occur in three of these 
categories (CNS, chest wall, neuromuscular conditions) despite 
the presence of normal lungs. Respiratory failure occurs because 
the medulla, chest wall, peripheral nerves, or respiratory 
muscles are not functioning normally. The patient may have no 
damage to lung tissue but may be unable to inspire a tidal 
volume sufficient to remove CO2 from the lungs.

Tissue Oxygen Needs. Remember that even though PaO2 
and PaCO2 determine the definition of respiratory failure, the 
major cause of respiratory failure is the lung’s inability to meet 
the O2 needs of the tissues. This failure may occur because of 
inadequate O2 delivery to the tissues or because the tissues 

The classic sign of diffusion limitation is hypoxemia that is 
present during exercise but not at rest. During exercise, blood 
moves more rapidly through the lungs, decreasing the time for 
diffusion of O2 across the alveolar-capillary interface. Diffusion 
limitation may also occur in a high CO state (e.g., hepatopul-
monary syndrome) or other disease states (e.g., inflammatory 
response seen with pancreatitis or severe brain trauma) unre-
lated to lung tissue damage. In this situation, CO is markedly 
elevated and vascular resistance is low. Blood circulates through 
the pulmonary capillary bed rapidly, allowing less time for gas 
exchange to occur.14

Alveolar Hypoventilation. Alveolar hypoventilation is a gen-
eralized decrease in ventilation that results in an increase in the 
PaCO2 and a consequent decrease in PaO2. Alveolar hypoven-
tilation may be the result of restrictive lung diseases, central 
nervous system (CNS) diseases, chest wall dysfunction, acute 
asthma, or neuromuscular diseases. Although alveolar hypoven-
tilation is primarily a mechanism of hypercapnic respiratory 
failure, it is mentioned here because it can also cause 
hypoxemia.15

Interrelationship of Mechanisms. Frequently, hypoxemic re-
spiratory failure is caused by a combination of two or more of 
the following: V/Q mismatch, shunt, diffusion limitation, and 
alveolar hypoventilation. For example, the patient with acute 
respiratory failure secondary to pneumonia may have a combi-
nation of V/Q mismatch and shunt. In this case, inflammation, 
edema, and hypersecretion of exudate within the bronchioles 
and gas exchange units obstruct the airways (V/Q mismatch) 
and fill the alveoli with exudate (shunt). Additional contribut-
ing factors to hypoxemic respiratory failure include increases in 
O2 demand such as with severe anxiety or agitation and unre-
lieved pain.

Hypercapnic Respiratory Failure. Hypercapnic respiratory 
failure results from an imbalance between ventilatory supply 
and ventilatory demand. Ventilatory supply is the maximum 
ventilation (gas flow in and out of the lungs) that the patient 
can sustain without developing respiratory muscle fatigue.  
Ventilatory demand is the amount of ventilation needed to keep 
the PaCO2 within normal limits. Normally, ventilatory supply 
far exceeds ventilatory demand. Therefore people with normal 
lung function can engage in strenuous exercise, which greatly 
increases CO2 production without an increase in PaCO2. Pa-
tients with lung disease such as severe COPD do not have this 
advantage and cannot effectively increase lung ventilation in 
response to exercise or metabolic demands.

Hypercapnia occurs when ventilatory demand exceeds ven-
tilatory supply and PaCO2 cannot be sustained within normal 
limits. Hypercapnia reflects substantial lung dysfunction. 
Hypercapnic respiratory failure is sometimes called ventilatory 
failure because the primary problem is the respiratory system’s 
inability to remove sufficient CO2 to maintain a normal PaCO2. 
Hypercapnic respiratory failure is also described as acute or 
chronic respiratory failure. For example, an episode of respira-
tory failure may represent an acute decompensation in a patient 
whose underlying lung function has deteriorated to the point 
that some degree of decompensation is always present (chronic 
respiratory insufficiency).

Many different diseases can cause a limitation in ventilatory 
supply (see Table 68-1 and eTable 68-1). These diseases can be 
grouped into four categories: (1) abnormalities of the airways 
and alveoli, (2) abnormalities of the CNS, (3) abnormalities of 
the chest wall, and (4) neuromuscular conditions.16,17
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shallow breaths suggest that tidal volume may be inadequate to 
remove CO2 from the lungs. Cyanosis is an unreliable indicator 
of hypoxemia and is a late sign of respiratory failure because it 
does not occur until hypoxemia is severe (PaO2 of 45 mm Hg 
or less).

Consequences of Hypoxemia and Hypoxia. Hypoxemia 
occurs when the amount of O2 in arterial blood is less than the 
normal value (normal PaO2 is 80 to 100 mm Hg). Hypoxia 
occurs when the PaO2 falls sufficiently to cause signs and symp-
toms of inadequate oxygenation (see Table 68-2). Hypoxemia 
can lead to hypoxia if not corrected. If hypoxia or hypoxemia 
is severe, the cells shift from aerobic to anaerobic metabolism. 
Anaerobic metabolism uses more fuel, produces less energy, 
and is less efficient than aerobic metabolism. The waste product 
of anaerobic metabolism is lactic acid. This is more difficult to 
remove from the body than CO2 because it has to be buffered 
with sodium bicarbonate. When the body does not have enough 
sodium bicarbonate to buffer the lactic acid produced by anaer-
obic metabolism, metabolic acidosis, tissue and cellular dys-
function, and cell death may occur. Blood pressure (BP) and 

cannot use the O2 delivered to them. It may also occur as a result 
of the stress response and dramatic increases in tissue O2 
consumption.

Tissue O2 delivery is determined by cardiac output and the 
amount of O2 carried in the hemoglobin. Therefore respiratory 
failure places the patient at greater risk if there are coexisting 
heart problems or anemia. Failure of O2 use most commonly 
occurs in septic shock. Adequate O2 may be delivered to the 
tissues, but impaired O2 extraction or diffusion limitation exists 
at the cellular level. This results in an abnormally high amount 
of O2 returning in the venous blood because it is not used at the 
tissue level. (Chapter 67 discusses shock.) Acid-base alterations 
(e.g., alkalosis, acidosis) may also interfere with O2 delivery to 
peripheral tissues (see Chapter 17).

Clinical Manifestations
Respiratory failure may develop suddenly (minutes or hours) or 
gradually (several days or longer). A sudden decrease in PaO2 
or a rapid rise in PaCO2 implies a serious condition, which can 
rapidly become a life-threatening emergency. An example is the 
patient with asthma who develops severe bronchospasm and a 
marked decrease in airflow, resulting in rapid respiratory muscle 
fatigue, acidemia, and respiratory failure.

A more gradual change in PaO2 and PaCO2 is better tolerated 
because compensation can occur. An example is the patient 
with COPD who develops a progressive increase in PaCO2 over 
several days after a respiratory tract infection. Because the 
change occurred over several days, there is time for renal com-
pensation (e.g., retention of bicarbonate), which minimizes the 
change in arterial pH. The patient will have compensated respi-
ratory acidosis.3,4 (See Chapter 17 for a discussion of renal com-
pensation for acid-base disorders.)

Manifestations of respiratory failure are related to the extent 
of change in PaO2 or PaCO2, the rapidity of change (acute versus 
chronic), and the patient’s ability to compensate for this change. 
When the patient’s compensatory mechanisms fail, respiratory 
failure occurs. Because clinical manifestations vary, it is impor-
tant to watch trends in ABGs, pulse oximetry, and assessment 
findings to fully evaluate the extent of change. Frequently, the 
first indication of respiratory failure is a change in the patient’s 
mental status. Mental status changes often occur early, before 
ABG results are obtained. This is because the brain is very sensi-
tive to variations in O2 and CO2 levels and acid-base balance. 
Restlessness, confusion, agitation, and combative behavior sug-
gest inadequate O2 delivery to the brain and should be fully 
investigated.

You may detect manifestations of respiratory failure that are 
specific (primary) (arising from the respiratory system) or non-
specific (secondary) (arising from other body systems) (Table 
68-2). Understanding the significance of these manifestations is 
critical to your ability to detect the onset of respiratory failure 
and evaluate the effectiveness of treatment.

Tachycardia, tachypnea, and mild hypertension can be early 
signs of respiratory failure consequent to physiologic stress and 
elevated catecholamine levels. Such changes can indicate an 
attempt by the heart and lungs to compensate for decreased O2 
delivery. A severe morning headache may suggest that hyper-
capnia occurred during the night. Hypercapnia causes cerebral 
vasodilation, increased cerebral blood flow, and a mild increase 
in intracranial pressure (ICP) that produces a headache. At 
night the respiratory rate is slower and the lungs of patients at 
risk for respiratory failure may remove less PaCO2.22 Rapid, 

TABLE 68-2 MANIFESTATIONS OF 
HYPOXEMIA AND HYPERCAPNIA*

Specific Nonspecific
Hypoxemia
Respiratory
Dyspnea
Tachypnea
Prolonged	expiration	

(I:E	=	1:3,	1:4)
Nasal	flaring
Intercostal	muscle	

retraction
Use	of	accessory	

muscles	in	
respiration

↓	SpO2	(<80%)
Paradoxic	chest	or	

abdominal	wall	
movement	with	
respiratory	cycle	
(late)

Cyanosis	(late)

Cerebral
Agitation
Disorientation
Restless,	combative	behavior
Delirium
Confusion
↓	Level	of	consciousness
Coma	(late)

Cardiac
Tachycardia
Hypertension
Skin	cool,	clammy,	and	diaphoretic
Dysrhythmias	(late)
Hypotension	(late)

Other
Fatigue
Inability	to	speak	in	complete	sentences	

without	pausing	to	breathe

Hypercapnia
Respiratory
Dyspnea
Use	of	tripod	position
Pursed-lip	breathing
↓	Respiratory	rate	or	

rapid	rate	with	
shallow	respirations

↓	Tidal	volume
↓	Minute	ventilation

Cerebral
Morning	headache
Disorientation
Progressive	somnolence
Elevated	intracranial	pressure	(if	monitored)
Coma	(late)

Cardiac
Dysrhythmias
Hypertension
Tachycardia
Bounding	pulse

Neuromuscular
Muscle	weakness
↓	Deep	tendon	reflexes
Tremors,	seizures	(late)

I:E,	Inspiratory:expiratory	ratio.
*List	is	not	all-inclusive.
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Patients may use pursed-lip breathing (see Table 29-13). This 
increases SaO2 because it slows respirations, allows more time 
for expiration, and prevents the small bronchioles from collaps-
ing, thus helping air exchange. Another assessment parameter 
is the number of pillows the patient needs to breathe comfort-
ably when lying flat. This is termed orthopnea and is docu-
mented as one-, two-, three-, or four-pillow orthopnea.

The person who is experiencing dyspnea is working hard to 
breathe and may be able to speak only a few words at a time 
between breaths. The patient’s ability to speak indicates the 
severity of dyspnea. The patient may speak in sentences (mild 
or no distress), short phrases (moderate distress), or only words 
(severe distress). The number of words is also a clue. The patient 
may have “two-word” or “three-word” dyspnea, signifying that 
only two or three words can be spoken before pausing to 
breathe. There may also be a change in the onset of fatigue with 
walking. An additional assessment parameter is how far the 
patient is able to walk without stopping to rest.

The inspiratory (I) to expiratory (E) (I:E) ratio may change in 
patients in respiratory distress. Normally, the I:E ratio is 1:2, 
which means that expiration is twice as long as inspiration. The 
ratio may increase to 1:3 or 1:4, which signifies airflow obstruc-
tion and that more time is required to empty the lungs.

You may observe retraction (inward movement) of the inter-
costal spaces or the supraclavicular area and use of the accessory 
muscles (e.g., sternocleidomastoid) during inspiration or expi-
ration. Use of the accessory muscles signifies moderate distress. 
Paradoxic breathing indicates severe distress. Normally, the 
thorax and abdomen move outward on inspiration and inward 
on exhalation. During paradoxic breathing, the abdomen and 
chest move in the opposite manner—outward during exhalation 
and inward during inspiration. Paradoxic breathing results 
from maximal use of the accessory muscles of respiration. The 
patient may also be diaphoretic from the WOB.

Perform auscultation to assess the patient’s baseline breath 
sounds and any changes from baseline. Note and document  
the presence and location of any abnormal breath sounds. 
Crackles (generally heard on inspiration) may indicate pulmo-
nary edema. Rhonchi (generally heard on expiration) indicate 
additional lung secretions and may be symptomatic of pneumo-
nia or COPD. Absent or diminished breath sounds may indicate 
atelectasis, pleural effusion, or impaired inspiratory effort and 
hypoventilation. Bronchial breath sounds over the lung periph-
ery often indicate lung consolidation from pneumonia. A 
pleural friction rub may also be heard in the presence of pneu-
monia that involves the pleura.

A thorough nursing assessment may result in early detection 
of respiratory insufficiency, allowing interventions to be started 
sooner and preventing respiratory failure. Patients with end-
stage (severe) chronic lung disease may have low PaO2 values 
or elevated PaCO2 levels and crackles as their “normal” baseline. 
It is especially important to monitor specific and nonspecific 
signs of respiratory failure in patients with COPD because a 
small change can cause significant decompensation (see Table 
68-2). Immediately report any change in mental status (e.g., 
agitation, confusion, decreased level of consciousness). This 
may indicate the onset of rapid deterioration in clinical status 
and the need for mechanical ventilation.

Diagnostic Studies
After physical assessment, the most common diagnostic studies 
used to evaluate respiratory failure are chest x-ray and ABG 

cardiac output can fall, and vasoactive or inotropic agents are 
often less effective in an acidotic environment.

Hypoxia and metabolic acidosis have adverse effects on the 
vital organs, especially the heart and CNS. The heart tries to 
compensate for the decreased O2 level in the blood by increas-
ing the heart rate and cardiac output. A cardiovascular hyper-
dynamic state may also occur due to catecholamine release that 
is associated with the physiologic stress response. As the PaO2 
decreases and acidosis increases, the myocardium becomes dys-
functional and cardiac output may decrease. In addition, angina 
and dysrhythmias may occur. All of these result in a further 
decrease in O2 delivery.

Permanent brain damage may occur if the hypoxia is severe 
and prolonged. Renal function may also be impaired. Sodium 
retention, edema, acute tubular necrosis, and uremia may occur. 
Gastrointestinal (GI) system alterations include tissue ischemia, 
increased permeability of the intestinal wall, and possible 
migration of bacteria from the GI tract into circulation.

Specific Clinical Manifestations. The patient in respiratory 
failure may have a rapid, shallow breathing pattern or a respira-
tory rate that is slower than normal. Both changes predispose 
the patient to insufficient CO2 removal. The patient may increase 
the respiratory rate in an effort to blow off accumulated CO2. 
This breathing pattern requires a substantial amount of work 
and can lead to respiratory muscle fatigue. A change from a 
rapid rate to a slower rate in a patient in acute respiratory dis-
tress such as that seen with acute asthma suggests extreme 
progression of respiratory muscle fatigue and increased prob-
ability of respiratory arrest.5-7,9

The patient’s position is an indication of the effort associated 
with work of breathing (WOB), or the effort used for muscle 
contraction during inhalation to accomplish lung ventilation. 
The patient may be able to lie down (mild distress), be able to 
lie down but prefer to sit (moderate distress), or be unable to 
breathe unless sitting upright (severe distress). A common posi-
tion used by patients with moderate to severe COPD is to sit 
with the arms propped on the overbed table or on the knees. 
This so-called tripod position helps decrease the WOB, since 
propping the arms increases the anteroposterior diameter of the 
chest and changes pressure in the thorax (Fig. 68-6).

FIG. 68-6	 Tripod	positioning	is	used	to	increase	chest	and	lung	expansion	
and	decrease	work	of	breathing	for	patients	with	COPD	or	asthma.	
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TABLE 68-3 NURSING ASSESSMENT 
Acute Respiratory Failure

Subjective Data
Important Health Information
Past health history:	Chronic	lung	disease;	potential	occupational	

exposures	to	lung	toxins;	tobacco	use	(pack-years);	alcohol	or	drug	
use;	previous	hospitalizations	related	to	lung	disease;	thoracic	or	
spinal	cord	trauma;	severe	obesity;	altered	consciousness;	age	
(physiologic	and	chronologic)

Medications:	Use	of	home	O2,	inhalers	(bronchodilators),	home	
nebulization,	over-the-counter	medications;	immunosuppressant	
(e.g.,	corticosteroid)	therapy,	CNS	depressants

Surgery or other treatments:	Previous	intubation	and	mechanical	
ventilation;	recent	thoracic	or	abdominal	surgery

Functional Health Patterns
Health perception–health management:	Exercise,	self-care	activities;	

immunizations	(flu,	pneumonia,	hepatitis)
Nutritional-metabolic:	Eating	habits;	bloating,	indigestion;	weight	gain	

or	loss;	change	in	appetite;	use	of	vitamins	or	herbal	supplements
Activity-exercise:	Fatigue,	dizziness;	dyspnea	at	rest	or	with	activity,	

wheezing,	cough	(productive	or	nonproductive);	sputum	(volume,	
color,	viscosity);	palpitations,	swollen	feet;	change	in	exercise	
tolerance

Sleep-rest:	Changes	in	sleep	pattern;	use	of	CPAP
Cognitive-perceptual:	Headache,	chest	pain	or	tightness;	chronic	pain
Coping–stress tolerance:	Anxiety,	depression,	hopelessness;	risk	of	

drug,	alcohol,	or	nicotine	withdrawal

Objective Data
General
Restlessness,	agitation

Integumentary
Pale,	cool,	clammy	skin	or	warm,	flushed	skin;	peripheral	and	central	

cyanosis;	peripheral	dependent	edema

Respiratory
Shallow,	increased	respiratory	rate	progressing	to	decreased	rate;	use	

of	accessory	muscles	with	evidence	of	retractions,	altered	I:E	ratio;	
increased	diaphragmatic	excursion	or	asymmetric	chest	expansion;	
paradoxic	chest	and	abdominal	wall	movement;	tactile	fremitus,	
crepitus,	or	deviated	trachea	on	palpation;	absent,	diminished,		
or	adventitious	breath	sounds;	pleural	friction	rub;	bronchial	or	
bronchovesicular	sounds	heard	in	other	than	normal	location;	
inspiratory	stridor

Cardiovascular
Vital signs:	Tachycardia	progressing	to	bradycardia,	dysrhythmias,	

extra	heart	sounds	(S3,	S4);	bounding	pulse;	hypertension	
progressing	to	hypotension;	pulsus	paradoxus;	jugular	venous	
distention;	pedal	edema

Gastrointestinal
Abdominal	distention,	ascites,	epigastric	tenderness,	hepatojugular	

reflex

Neurologic
Somnolence,	confusion,	slurred	speech,	restlessness,	delirium,	

agitation,	tremors,	seizures,	coma;	asterixis,	decreased	deep	
tendon	reflexes;	papilledema

Possible Diagnostic Findings
↓/↑	pH,	↑/↓	PaCO2,	↑/↓	bicarbonate,	↓	PaO2,	↓	SaO2,	↓	PEFR,	↓	tidal	

volume,	↓	forced	vital	capacity,	↓	minute	ventilation,	↓	negative	
inspiratory	force;	abnormal	serum	electrolytes,	hemoglobin,	
hematocrit,	and	white	blood	cell	count;	abnormal	findings	on	chest	
x-ray;	abnormal	central	venous	or	pulmonary	artery	pressures,	
cardiac	output

CPAP,	Continuous	positive	airway	pressure;	I:E,	inspiratory:expiratory;	PEFR,	peak	
expiratory	flow	rate.

analysis. A chest x-ray helps to identify possible causes of respi-
ratory failure (e.g., atelectasis, pneumonia). ABGs determine 
the levels of PaCO2, PaO2, bicarbonate, and pH. In respiratory 
failure, ABGs are used to evaluate oxygenation (PaO2) and ven-
tilation (PaCO2) status and acid-base balance. Pulse oximetry 
monitors oxygenation status, but reveals little about lung venti-
lation. A catheter may be inserted into an artery to obtain blood 
for ABGs and monitor BP.

Other diagnostic studies that may be done include a com-
plete blood cell count, serum electrolytes, urinalysis, and elec-
trocardiogram (ECG). Blood and sputum cultures are obtained 
as necessary to determine sources of possible infection. If pul-
monary embolus is suspected, a CT scan or V/Q lung scan may 
be done. For the patient in severe respiratory failure requiring 
endotracheal intubation, end-tidal CO2 (ETCO2) may be used 
to assess tube placement within the trachea immediately after 
intubation. (Chapter 66 discusses intubation.) ETCO2 monitor-
ing (capnography) and transcutaneous CO2 monitoring may 
also be used during ventilator management to assess trends in 
lung ventilation.23 Although not commonly done in acute situ-
ations, pulmonary function tests may be performed.

In severe respiratory failure, central venous or PA pressure 
monitoring or arterial pressure–based CO monitoring is used 
to measure hemodynamic parameters (e.g., central venous pres-
sure, PA pressures, CO, stroke volume variation, central/mixed 
venous O2 saturation [ScvO2/SvO2]). These data help to deter-
mine the adequacy of tissue perfusion and the patient’s response 
to treatment measures. Hemodynamic monitoring can also 
determine whether the accumulation of fluid in the lungs is the 
result of heart or lung problems. It can also provide feedback 
on the physiologic effects of mechanical ventilation on hemo-
dynamic status.24 (Chapter 66 discusses hemodynamic moni-
toring in detail.)

NURSING AND COLLABORATIVE MANAGEMENT 
ACUTE RESPIRATORY FAILURE

Because many different problems cause respiratory failure, spe-
cific care of these patients varies. This section discusses general 
assessment and collaborative care measures that apply to 
patients with acute respiratory failure. In acute care settings, 
collaboration between nursing and other health care team 
members (e.g., respiratory therapists) is essential.

NURSING ASSESSMENT
Table 68-3 presents subjective and objective data that should be 
obtained from the patient with acute respiratory failure.

NURSING DIAGNOSES
Nursing diagnoses for the patient with acute respiratory failure 
may include, but are not limited to, the following:

• Impaired gas exchange related to alveolar hypoventilation, 
intrapulmonary shunting, V/Q mismatch, and diffusion 
impairment

• Ineffective airway clearance related to excessive secre-
tions, decreased level of consciousness, presence of  
an artificial airway, neuromuscular dysfunction, and  
pain

• Ineffective breathing pattern related to neuromuscular 
impairment of respirations, pain, anxiety, decreased  
level of consciousness, respiratory muscle fatigue, and 
bronchospasm
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hypercapnia blunts the response of chemoreceptors in the 
medulla to elevated CO2 levels as a respiratory stimulant. In this 
situation, hypoxia stimulates respirations. Provide O2 to patients 
with chronic hypercapnia through a low-flow device such as a 
nasal cannula at 1 to 2 L/minute or a Venturi mask at 24% to 
28%. Closely monitor patients for changes in mental status, 
respiratory rate, and ABG results until their PaO2 level has 
reached their baseline normal value.

MOBILIZATION OF SECRETIONS. Retained pulmonary secretions 
may cause or exacerbate acute respiratory failure. This occurs 
because the movement of O2 into the alveoli and removal of 
CO2 are blocked. Secretions can be mobilized through effective 
coughing, adequate hydration and humidification, chest phys-
iotherapy (physical therapy), airway suctioning, and ambula-
tion when possible.

Effective Coughing and Positioning. If secretions are obstructing 
the airway, encourage the patient to cough. The patient with a 

TABLE 68-4 COLLABORATIVE CARE 
Acute Respiratory Failure

Diagnostic
•	 Vital	signs
•	 History	and	physical	examination
•	 Arterial	blood	gases
•	 Pulse	oximetry
•	 Chest	x-ray
•	 CBC
•	 Serum	electrolytes	and	urinalysis
•	 ECG
•	 Blood	and	sputum	cultures	(if	indicated)
•	 Hemodynamic	parameters:	CVP,	SVV,	PAWP

Collaborative Therapy
Respiratory Therapy
•	 O2	therapy
•	 Mobilization	of	secretions

•	 Effective	coughing
•	 Incentive	spirometry
•	 Hydration	and	humidification
•	 Chest	physiotherapy
•	 Airway	suctioning
•	 Ambulation
•	 Positioning:	head	of	bed	elevated	to	assist	lung	ventilation;	tripod	

positioning	for	optimal	comfort	and	efficiency	during	breathing
•	 Positive	pressure	ventilation

•	 Noninvasive	positive	pressure	ventilation
•	 Intubation	with	positive	pressure	ventilation

Drug Therapy
•	 Relief	of	bronchospasm	(e.g.,	albuterol	[Proventil])
•	 Reduction	of	airway	inflammation	(corticosteroids)
•	 Reduction	of	pulmonary	congestion	(e.g.,	furosemide	[Lasix],	

morphine)
•	 Treatment	of	pulmonary	infections	(e.g.,	antibiotics)
•	 Reduction	of	severe	anxiety,	pain,	and	agitation	(e.g.,	lorazepam	

[Ativan],	fentanyl	[Sublimaze],	morphine)

Medical Supportive Therapy
•	 Management	of	the	underlying	cause	of	respiratory	failure
•	 Maintenance	of	adequate	cardiac	output
•	 Maintenance	of	adequate	hemoglobin	concentration

Nutritional Therapy
•	 Enteral	nutrition	support
•	 Parenteral	nutrition	support

CVP,	Central	venous	pressure;	PAWP,	pulmonary	artery	wedge	pressure;	SVV,	stroke	
volume	variation.

Additional information on nursing diagnoses for the patient 
with acute respiratory failure is presented in eNursing Care Plan 
68-1 (available on the website for this chapter).

PLANNING
The overall goals for the patient with acute respiratory failure 
include (1) normal ABG values or values within the patient’s 
baseline, (2) normal breath sounds or breath sounds within the 
patient’s baseline, (3) no dyspnea or breathing patterns within 
the patient’s baseline, (4) independent maintenance of the 
airway, and (5) effective cough and ability to clear secretions.

PREVENTION
As part of the plan of care for any patient who may be at risk 
for respiratory failure, prevention and early recognition of 
respiratory distress are important. Prevention involves a thor-
ough history and physical assessment to identify the patient at 
risk for respiratory failure and then the initiation of appropriate 
nursing interventions. These include teaching the patient about 
deep breathing and coughing, use of incentive spirometry, and 
ambulation. Prevention of atelectasis, pneumonia, and compli-
cations of immobility, as well as optimization of hydration and 
nutrition, can potentially decrease the risk of respiratory failure 
in the acutely or critically ill patient.

RESPIRATORY THERAPY
The major goals of care for acute respiratory failure include 
maintaining adequate oxygenation and ventilation. Interven-
tions include O2 therapy, mobilization of secretions, and posi-
tive pressure ventilation (PPV) (Table 68-4).

OXYGEN THERAPY. The primary goal of O2 therapy is to correct 
hypoxemia. If hypoxemia is secondary to V/Q mismatch, sup-
plemental O2 administered at 1 to 3 L/minute by nasal cannula, 
or 24% to 32% by face mask or Venturi mask, should improve 
the PaO2 and SaO2. Hypoxemia secondary to an intrapulmo-
nary shunt is usually not responsive to high O2 concentrations. 
In this case, the patient usually requires PPV. PPV provides O2 
therapy and humidification, decreases WOB, and reduces respi-
ratory muscle fatigue. In addition, PPV assists in opening col-
lapsed airways and decreasing shunt. PPV is provided via an 
endotracheal tube (most frequently) or noninvasively by means 
of a tight-fitting mask.25,26 (Chapter 66 discusses mechanical 
ventilation in detail.)

The patient with acute respiratory failure must be able to 
tolerate the type of O2 delivery system chosen. For example, a 
face mask may cause anxiety from feelings of claustrophobia. 
The anxiety can cause dyspnea, increase O2 consumption and 
CO2 production, and cause the patient to remove the O2 device. 
The selected O2 delivery system must also maintain PaO2 at 55 
to 60 mm Hg or higher and SaO2 at 90% or higher at the lowest 
O2 concentration possible.

High O2 concentrations replace the nitrogen gas normally 
present in the alveoli, thus causing instability and atelectasis. In 
intubated patients, exposure to 60% or higher FIO2 for longer 
than 48 hours poses a significant risk for O2 toxicity. In nonin-
tubated patients the risk is less clear. The effects of prolonged 
exposure to high levels of O2 include increased pulmonary cap-
illary permeability, decreased surfactant production and surfac-
tant inactivation, and fibrotic changes in the alveoli. (Chapter 
29 and Table 29-20 discuss O2 delivery devices.)

Another possible risk of O2 therapy is specific to patients 
with chronic hypercapnia (e.g., patients with COPD). Chronic 
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lying if there is any possibility that the tongue will obstruct the 
airway or that aspiration may occur. Keep an oral or nasal 
airway at the bedside for use if necessary. Airway control with 
endotracheal intubation and PPV is indicated when patients 
cannot maintain their airway and lung ventilation.

Hydration and Humidification. Thick and viscous secretions are 
difficult to expel. Adequate fluid intake (2 to 3 L/day) keeps 
secretions thin and easier to remove. If the patient is unable to 
take sufficient fluids orally, IV hydration is used. Thoroughly 
assess the patient’s cardiac and renal status to determine whether 
he or she can tolerate the IV fluid volume and avoid heart failure 
and pulmonary edema. Regularly assess for signs of fluid over-
load by clinical evaluation (e.g., crackles, dyspnea) and invasive 
monitoring (e.g., increased central venous pressure). These  
considerations would also apply to the patient with renal 
dysfunction.

An appropriate humidification device is an adjunct in secre-
tion management. Aerosols of sterile normal saline, adminis-
tered by a nebulizer, may be used to liquefy secretions. O2 may 
also be given by aerosol mask to thin secretions and facilitate 
their removal. Aerosol therapy may induce bronchospasm and 
severe coughing, causing a decreased PaO2. Frequent assess-
ment of patient tolerance to therapy is critical. Mucolytic agents 
such as nebulized acetylcysteine (Mucomyst) mixed with a 
bronchodilator may be used to thin secretions. A side effect of 
these drugs is bronchospasm so they are used only in special 
situations (e.g., during bronchoscopy to remove thick, copious 
secretions).

Chest Physiotherapy. Chest physiotherapy is indicated in 
patients who produce more than 30 mL of sputum per day or 
have evidence of severe atelectasis or pulmonary infiltrates. Pos-
tural drainage, percussion, and vibration to the affected lung 
segments assist in moving secretions to the larger airways where 
they are removed by coughing or suctioning. Positioning affects 
oxygenation. Patients may not tolerate head-down or lateral 
positioning because of extreme dyspnea or hypoxemia caused 
by V/Q mismatch. (Chest physiotherapy is discussed in Chapter 
29 on p. 594.)

Airway Suctioning. Nasopharyngeal, oropharyngeal, or naso-
tracheal suctioning (blind suctioning without a tracheal tube in 
place) is done if the patient is unable to expectorate secretions. 
Suctioning through an artificial airway (e.g., endotracheal tube) 
is also performed as needed (see Chapters 27 and 66). A mini-
tracheostomy (or mini-trach) is used to suction patients who 
have difficulty mobilizing secretions and when blind suctioning 
is difficult or ineffective. The mini-trach is a 4-mm indwelling 
plastic cuffless cannula inserted through the cricothyroid mem-
brane. It is used to instill sterile normal saline solution to elicit 
a cough and to perform suctioning. Contraindications for a 
mini-trach include an absent gag reflex, history of aspiration, 
and the need for long-term mechanical ventilation. At all times, 
suction cautiously and closely monitor the patient for complica-
tions (e.g., hypoxia, increased ICP, dysrhythmias).

POSITIVE PRESSURE VENTILATION. If intensive measures fail to 
improve ventilation and oxygenation and the patient continues 
to show signs of acute respiratory failure, ventilatory assistance 
is needed. PPV may be provided invasively through orotracheal 
or nasotracheal intubation or noninvasively through a nasal or 
face mask.22,26

Noninvasive positive pressure ventilation (NIPPV) is used 
for patients with acute or chronic respiratory failure. During 
NIPPV, a mask is placed tightly over the patient’s nose or nose 
and mouth and the patient breathes spontaneously while PPV 

neuromuscular weakness from a disease or exhaustion may not 
be able to generate sufficient airway pressures to produce an 
effective cough. Augmented coughing (quad coughing) may be of 
benefit to these patients. Perform augmented coughing by plac-
ing one or both hands on the anterolateral base of the lungs (Fig. 
68-7). As the patient ends a deep inspiration and begins the 
expiration, move your hands forcefully upward, increasing 
abdominal pressure and facilitating the cough. This measure 
helps increase expiratory flow and thereby facilitates secretion 
clearance.

Some patients may benefit from therapeutic cough tech-
niques. Huff coughing is a series of coughs performed while say-
ing the word “huff ” (see Table 29-23). This technique prevents 
the glottis from closing during the cough. Patients with COPD 
generate higher flow rates with a huff cough than is possible with 
a normal cough. The huff cough is effective in clearing only the 
central airways, but it may assist in moving secretions upward.

The staged cough also assists in mobilizing secretions. To 
perform the staged cough, the patient assumes a sitting position, 
breathes three or four times in and out through the mouth, and 
coughs while bending forward and pressing a pillow inward 
against the diaphragm.

Positioning the patient upright, either by elevating the head 
of the bed at least 45 degrees or by using a reclining chair or 
chair bed, helps maximize thoracic expansion, thereby decreas-
ing dyspnea and improving secretion mobilization. A sitting 
position improves pulmonary function and assists in venous 
pooling in dependent body areas such as the lower extremities. 
When lungs are upright, ventilation and perfusion are best in 
the lung bases.

Lateral or side-lying positioning may be used in patients 
with disease involving only one lung. This position, termed good 
lung down, allows for improved V/Q matching in the affected 
lung. Pulmonary blood flow and ventilation are optimal in 
dependent lung areas. This position also allows secretions to 
drain out of the affected lung to the point where they may be 
removed by suctioning. For example, in patients with significant 
right-sided pneumonia, optimal positioning would be to place 
them on their left side to maximize ventilation and perfusion 
in the “good” lung and facilitate secretion removal from the 
affected lung (postural drainage). All patients should be side-

FIG. 68-7	 Augmented	coughing	is	performed	by	placing	one	or	both	hands	
on	the	anterolateral	base	of	the	lungs.	After	the	patient	takes	a	deep	inspira-
tion	and	at	the	beginning	of	expiration,	move	the	hand(s)	forcefully	upward.	
This	increases	abdominal	pressure	and	aids	in	producing	a	forceful	cough.	

Sternum

Outline of ribs
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REDUCTION OF AIRWAY INFLAMMATION. Corticosteroids (e.g., 
methylprednisolone [Solu-Medrol]) may be used in conjunc-
tion with bronchodilating agents for bronchospasm and inflam-
mation. When given IV in acute asthma, corticosteroids speed 
resolution of airway inflammation and edema. Inhaled cortico-
steroids require 4 to 5 days for optimum therapeutic effects and 
are not used for acute respiratory failure.

DRUG ALERT: IV Corticosteroids
•	 Monitor	potassium	levels,	since	corticosteroids	exacerbate	hypokale-

mia	caused	by	diuretics.
•	 Prolonged	use	causes	adrenal	insufficiency.

REDUCTION OF PULMONARY CONGESTION. Pulmonary intersti-
tial fluid can accumulate because of direct or indirect injury to 
the alveolar capillary membrane (e.g., ARDS) or from heart 
failure. The result is decreased alveolar ventilation and hypox-
emia. IV diuretics (e.g., furosemide [Lasix]), morphine, and 
nitroglycerin (Tridil) are used to decrease the pulmonary con-
gestion caused by heart failure. If atrial fibrillation is also 
present, calcium channel blockers (e.g., diltiazem [Cardizem]) 
and β-adrenergic blockers (e.g., metoprolol [Lopressor]) are 
used to decrease heart rate and improve CO. (Chapter 35 dis-
cusses heart failure.)

TREATMENT OF PULMONARY INFECTIONS. Pulmonary infections 
(e.g., pneumonia, acute bronchitis) result in excessive mucus 
production; fever; increased O2 consumption; and inflamed, 
fluid-filled, or collapsed alveoli. Alveoli that are fluid filled or 
collapsed cannot participate in gas exchange. Pulmonary infec-
tions can either cause or exacerbate acute respiratory failure. IV 
antibiotics, such as azithromycin (Zithromax) or ceftriaxone 
(Rocephin), are often given to treat infections. Chest x-rays 
help identify the location and extent of a suspected infectious 
process. Sputum cultures help determine the type of organisms 
causing the infection and their sensitivity to antimicrobial 
medications.33

REDUCTION OF SEVERE ANXIETY, PAIN, AND AGITATION. Anxiety, 
restlessness, and agitation result from hypoxia. In addition, fear 
caused by the inability to breathe and a sense of loss of control 
may increase anxiety. Anxiety, pain, and agitation increase O2 
consumption, which may worsen the hypoxemia. Anxiety, pain, 
and agitation also increase CO2 production, affect ventilator 
management, and increase morbidity. Several strategies can 
assist the patient in reducing anxiety and pain.

Sedation and analgesia with drug therapy such as propofol 
(Diprivan) (used for mechanically ventilated patients), benzo-
diazepines (e.g., lorazepam [Ativan], midazolam [Versed]), and 
opioids (e.g., morphine, fentanyl [Sublimaze]) are used to 
decrease anxiety, agitation, and pain. Continued agitation 
increases the patient’s WOB, O2 consumption, CO2 production, 
and risk of injury (e.g., unplanned extubation). Patients receiv-
ing these agents are best managed by following an evidence-
based protocol that includes a regular “sedation holiday” for 
ongoing assessment.34,35 (Sedation holiday is discussed in 
Chapter 66 on p. 1601.)

SAFETY ALERT
•	 Monitor	patients	closely	for	cardiopulmonary	depression	when	giving	

any	sedative	or	analgesic	agents.
•	 Agitation	is	often	caused	by	pain,	hypoxemia,	electrolyte	imbalance,	

evolution	of	brain	injury,	and	adverse	drug	reactions.
•	 Assess	 and	 aggressively	 treat	 all	 potentially	 reversible	 causes	 of	

agitation.
•	 Sedative	and	analgesic	agents	may	have	a	prolonged	effect	in	critically	

ill	patients,	delay	weaning	from	mechanical	ventilation,	and	contribute	
to	increased	length	of	stay.

is delivered. With NIPPV, it is possible to decrease the WOB 
without the need for endotracheal intubation. Bilevel positive 
airway pressure (BiPAP) is a form of NIPPV in which different 
positive pressure levels are set for inspiration and expiration 
(Fig. 68-8). Continuous positive airway pressure (CPAP) is 
another form of NIPPV in which a constant positive pressure 
is delivered to the airway during inspiration and expiration.27-30

NIPPV is most useful in managing chronic respiratory fail-
ure in patients with chest wall and neuromuscular disease (see 
Table 68-1). NIPPV has been used in patients with hypoxemic 
respiratory failure (e.g., ARDS, cardiogenic pulmonary edema), 
but with less success. NIPPV may also be used for patients who 
refuse endotracheal intubation but still want some palliative 
ventilatory support (e.g., patients with end-stage COPD).31,32 
NIPPV is not appropriate for patients who have excessive secre-
tions, decreased level of consciousness, high O2 requirements, 
facial trauma, or hemodynamic instability. NIPPV is also used 
postextubation to avoid reintubation. (Chapter 66 discusses  
artificial airways, PPV, CPAP, and BiPAP in detail.)

DRUG THERAPY
Goals of drug therapy for patients in acute respiratory failure 
include (1) relief of bronchospasm; (2) reduction of airway 
inflammation and pulmonary congestion; (3) treatment of pul-
monary infection; and (4) reduction of severe pain, anxiety, and 
restlessness.

RELIEF OF BRONCHOSPASM. Relief of bronchospasm increases 
alveolar ventilation. Short-acting bronchodilators, such as 
metaproterenol (Alupent) and albuterol (Ventolin), reverse 
bronchospasm. Side effects of these β-adrenergic agonist drugs 
include tachycardia and hypertension. Prolonged use can 
increase the risk of dysrhythmias and cardiac ischemia. Monitor 
ECG and vital signs for any changes with administration of 
these drugs. Give these drugs using a hand-held nebulizer or a 
metered-dose inhaler with a spacer. In acute bronchospasm 
these drugs may be given at 15- to 30-minute intervals until a 
response occurs. The bronchodilator effects of these medica-
tions can sometimes worsen hypoxemia by redistributing the 
inspired gas to areas of decreased perfusion. Administering the 
bronchodilator with an oxygen-enriched gas mixture usually 
reduces this effect.6,7 (Chapter 29 discusses nursing manage-
ment related to bronchodilators.)

FIG. 68-8	 Noninvasive	 bilevel	 positive	 pressure	 ventilation.	 A	 mask	 is	
placed	over	the	nose	or	nose	and	mouth.	Positive	pressure	from	a	mechani-
cal	ventilator	assists	the	patient’s	breathing	efforts,	decreasing	the	work	of	
breathing.	
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and MAP to prevent episodes of brain ischemia or hypoperfu-
sion to other organs.

Decreased CO is treated by administration of IV fluids, 
medications, or both. (Chapter 67 discusses drugs used to treat 
decreased CO and shock.) CO can also be decreased by changes 
in intrathoracic or intrapulmonary pressures from PPV. Patients 
experiencing exacerbation of COPD or asthma and those 
receiving PPV are at risk of alveolar hyperinflation, increased 
right ventricular afterload, and excessive intrathoracic pres-
sures. These changes can result in limited blood flow from the 
right side of the heart through the pulmonary vasculature to the 
left side of the heart and can cause hemodynamic compromise. 
In addition, blood return from the systemic circulation to the 
right side of the heart may be impaired, further decreasing 
preload. Each of these physiologic effects can lead to severe 
hemodynamic compromise. Consequently, closely monitor BP 
and clinical indicators of adequate CO and tissue perfusion with 
initiation of or changes in mechanical ventilation.

MAINTAINING ADEQUATE HEMOGLOBIN CONCENTRATION. Hemo-
globin is the primary carrier of O2 to the tissues. Delivery of O2 
to the tissues is compromised in anemic patients. A hemoglobin 
of 9 g/dL (90 g/L) or higher typically ensures adequate O2 satu-
ration of the hemoglobin for tissue oxygenation. Monitor the 
patient for signs of blood loss (e.g., hypotension, melena). 
Transfusion with packed red blood cells may be used if an 
adequate hemoglobin level is not maintained and the patient is 
symptomatic.

NUTRITIONAL THERAPY
Maintenance of protein and energy stores is especially impor-
tant in patients with acute respiratory failure. The hypermeta-
bolic state in critical illness increases the caloric requirements 
needed to maintain body weight and muscle mass. Thus nutri-
tional depletion causes a loss of muscle mass, including the 
respiratory muscles, and may prolong recovery. The dietitian, 
in collaboration with the health care team, determines the 
optimal method of feeding and optimal caloric and fluid 
requirements. During the acute manifestations of respiratory 
failure, the risk of aspiration typically prevents oral intake. 
Ideally, enteral or parenteral nutrition is started within 24 hours 
in malnourished patients and within 3 days in well-nourished 
patients. When acute manifestations subside, the patient may 
resume oral intake as able.

EVALUATION
The expected outcomes are that the patient with respiratory 
failure will

• Maintain a patent airway with effective removal of 
secretions

• Achieve normal or baseline respiratory rate and rhythm, 
and breath sounds

• Maintain adequate oxygenation as indicated by normal or 
baseline ABGs

• Experience normal hemodynamic status
Additional outcomes are presented in eNursing Care Plan 

68-1 (available on the website for this chapter).

GERONTOLOGIC CONSIDERATIONS
RESPIRATORY FAILURE
Older adults are the fastest-growing age-group in the United 
States, a trend that is increasingly reflected within the patient 

Address treatable causes of agitation (e.g., hypoxemia, pain, 
hypercapnia). Patients who breathe asynchronously with 
mechanical ventilation may also benefit from adjustment of 
ventilator flow rates and other settings. Patients who remain 
asynchronous with mechanical ventilation despite aggressive 
sedative and analgesic dosing may require neuromuscular 
blockade (paralysis) with agents such as vecuronium (Nor-
curon) or cisatracurium (Nimbex). These drugs relax skeletal 
muscles by interfering with neuromuscular transmission and, 
ultimately, provide synchrony with mechanical ventilation. 
Neuromuscular blockade may also decrease the patient’s risk of 
lung injury related to excessive inspiratory/intrathoracic pres-
sures. In this way, the ventilator can provide optimal respiratory 
support. Remember that a patient receiving neuromuscular 
blockade can appear to be asleep but still possibly be awake and 
in pain. For this reason, both aggressive sedation and analgesia 
are essential.

SAFETY ALERT
•	 Provide	 concurrent	 sedation	 and	 analgesia	 to	 the	 point	 of	 uncon-

sciousness	for	patients	receiving	neuromuscular	blockade.	This	elimi-
nates	 patient	 awareness,	 assures	 patient	 comfort,	 and	 avoids	 the	
terrifying	experience	of	being	awake	and	in	pain	while	paralyzed.

•	 Use	 neuromuscular	 blockade	 for	 the	 shortest	 duration	 and	 in	 the	
lowest	dose	possible	to	avoid	complications	(e.g.,	myopathy).

Monitoring levels of sedation in patients receiving neu-
romuscular blockade is challenging. Noninvasive electroen- 
cephalogram-based technology may help guide sedative and 
analgesic therapy in these patients.36 Levels of drug paralysis are 
monitored primarily by clinical assessment of ventilation and 
whether goals of care are being met. A frequent adjunct to 
monitoring paralysis is use of a peripheral nerve stimulator (see 
Fig. 66-19). Clinical assessment is essential to determine the 
adequacy of sedation, analgesia, and neuromuscular blockade 
in critically ill patients.

MEDICAL SUPPORTIVE THERAPY
Goals and related interventions to maximize O2 delivery are 
essential to improving the patient’s oxygenation and ventilation 
status. The primary goal is to treat the underlying cause of the 
respiratory failure. Other supportive goals include maintaining 
an adequate CO and hemoglobin concentration.

TREATING THE UNDERLYING CAUSE. Interventions are directed 
toward reversing the disease process that caused the acute respi-
ratory failure. Patients with hypoventilation need to be diag-
nosed and treated rapidly. Patients with V/Q mismatch, 
shunting, or diffusion limitation are managed differently 
depending on the underlying cause. In all patient situations, 
monitoring treatment effects, including trends in ABGs and 
changes in respiratory status, is an ongoing process.

MAINTAINING ADEQUATE CARDIAC OUTPUT. CO reflects the 
blood flow reaching the tissues. BP and mean arterial pressure 
(MAP) are important indicators of the adequacy of CO. Always 
interpret BP and MAP readings within the context of the physi-
cal assessment to determine adequacy of CO and tissue perfu-
sion. Usually a systolic BP of 90 mm Hg or more or a MAP 
greater than 60 mm Hg is adequate to maintain perfusion to the 
vital organs. At these levels, changes in mental status may be 
attributed to the level of O2 and CO2 rather than decreased 
cerebral perfusion. In a patient with chronic, uncontrolled 
hypertension, a systolic BP of 90 to 100 mm Hg is often inad-
equate to maintain systemic and cerebral perfusion. Cerebral 
perfusion may not only tolerate but may require a higher BP 
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Etiology and Pathophysiology
Table 68-5 lists conditions that predispose patients to the devel-
opment of ARDS. Patients with multiple risk factors are three 
or four times more likely to develop ARDS.

The most common cause of ARDS is sepsis. Direct lung 
injury may cause ARDS (Fig. 68-10), or ARDS may develop 
because of the systemic inflammatory response syndrome 
(SIRS) (see Fig. 67-1). SIRS may have an infectious or a nonin-
fectious etiology. It is characterized by widespread inflamma-
tion or clinical responses to inflammation after a variety of 
physiologic insults, including severe trauma, gut ischemia, and 
lung injury.41,42 ARDS may also develop as a consequence of 

populations in acute and critical care settings. Multiple factors 
contribute to an increased risk of respiratory failure in older 
adults. The reduction in ventilatory capacity that accompanies 
aging places the older adult at risk for respiratory failure. Physi-
ologic aging of the lung includes alveolar dilation, larger air 
spaces, and loss of surface area for gas exchange. Diminished 
elastic recoil within the airways, decreased chest wall compli-
ance, and decreased respiratory muscle strength also occur. In 
older adults the PaO2 falls further and the PaCO2 rises to a 
higher level before the respiratory system is stimulated to alter 
the rate and depth of breathing. This delayed response can con-
tribute to the development of respiratory failure. In addition, a 
history of tobacco use is a risk factor that can accelerate age-
related respiratory changes. Poor nutritional status and less 
available physiologic reserve in the cardiopulmonary and auto-
nomic nervous systems increase the risk of additional disease 
states such as pneumonia and heart disease. These may further 
compromise respiratory function and lead to respiratory failure. 
Poor nutrition can also result in a decrease in muscle mass and 
related respiratory drive.31,37

Older adults are more vulnerable to delirium, health care–
associated infections, and the adverse effects of polypharmacy. 
Delirium is an independent risk factor for increased mortality 
and morbidity rates in critically ill patients. It can complicate 
ventilator management and weaning by interfering with patient 
cooperation. Delirium associated with agitation increases CO2 
elimination and O2 consumption, increases the risk for un-
planned extubation and device removal, and extends length of 
hospital stay and ventilator days.38,39 (Delirium is discussed in 
Chapters 60 and 66.)

Adjust assessment parameters for age-related changes. For 
example, heart rate and BP generally increase with age and the 
related changes in the cardiovascular system. Therefore you need 
to know the patient’s baseline vital signs. Compare these with the 
ongoing physical assessment findings to appropriately evaluate 
changes in cardiopulmonary function in the older adult.

ACUTE RESPIRATORY DISTRESS SYNDROME

Acute respiratory distress syndrome (ARDS) is a sudden and 
progressive form of acute respiratory failure in which the 
alveolar-capillary interface becomes damaged and more per-
meable to intravascular fluid (Fig. 68-9). ARDS exists on a 
continuum. One way to assess the degree of impairment in  
gas exchange is to measure the PaO2/FIO2 (P/F) ratio. Under 
normal circumstances (e.g., PaO2 85 to 100 mm Hg; FIO2 0.21 
[room air]), the P/F ratio would be greater than 400 (e.g., 
95/0.21 = 452). With the onset and progression of lung injury 
and impairment in O2 delivery through the alveolar-capillary 
interface, the PaO2 may remain lower than expected despite 
increased FIO2.

The term acute lung injury (ALI) is used when the P/F ratio 
is 200 to 300 (e.g., 86/0.4 = 215). The term ARDS is used when 
the P/F ratio is less than 200 (e.g., 80/0.8 = 100). In both cases, 
the alveoli fill with fluid, resulting in severe dyspnea, hypoxemia 
refractory to supplemental O2, reduced lung compliance, and 
diffuse pulmonary infiltrates.40

The incidence of ARDS in the United States is estimated at 
more than 150,000 cases annually. Despite supportive therapy, 
the mortality rate from ARDS is approximately 50%. Patients 
who have both gram-negative septic shock and ARDS have a 
mortality rate of 70% to 90%.

FIG. 68-9	 Stages	 of	 edema	 formation	 in	 acute	 respiratory	 distress	 syn-
drome.	 A,	 Normal	 alveolus	 and	 pulmonary	 capillary.	 B,	 Interstitial	 edema	
occurs	 with	 increased	 flow	 of	 fluid	 into	 the	 interstitial	 space.	 C,	 Alveolar	
edema	occurs	when	the	fluid	crosses	the	blood-gas	barrier.	

A

Interstitial
space

B

C
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TABLE 68-5 PREDISPOSING CONDITIONS 
TO ARDS

Direct Lung Injury Indirect Lung Injury
Common Causes
Aspiration	of	gastric	contents	

or	other	substances
Viral	or	bacterial	pneumonia
Sepsis

Sepsis	(especially	gram-negative	
infection)

Severe	massive	trauma

Less Common Causes
Chest	trauma
Embolism:	fat,	air,	amniotic	

fluid,	thrombus
Inhalation	of	toxic	

substances
Near-drowning
O2	toxicity
Radiation	pneumonitis

Acute	pancreatitis
Anaphylaxis
Cardiopulmonary	bypass
Disseminated	intravascular	

coagulation
Nonpulmonary	systemic	diseases
Opioid	drug	overdose	(e.g.,	heroin)
Severe	head	injury
Shock	states
Transfusion-related	acute	lung	injury	

(e.g.,	multiple	blood	transfusions)
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FIG. 68-10	 Pathophysiology	of	acute	lung	injury	(ALI)	and	acute	respiratory	distress	syndrome	(ARDS).	
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multiple organ dysfunction syndrome (MODS). MODS results 
from organ system dysfunction that progressively increases in 
severity and ultimately results in multisystem organ failure. 
(Chapter 67 discusses SIRS and MODS.)

An exact cause for the damage to the alveolar-capillary inter-
face is not known, but it is thought to be caused by stimulation 
of the inflammatory and immune systems, which causes an 
attraction of neutrophils to the pulmonary interstitium. The 
neutrophils release biochemical, humoral, and cellular media-
tors that produce changes in the lung. These include increased 
pulmonary capillary membrane permeability, destruction of 
elastin and collagen, formation of pulmonary microemboli, and 
pulmonary artery vasoconstriction41,42 (see Fig. 68-10). (Chap-
ters 12 and 14 discuss these mediators.)

The pathophysiologic changes in ARDS are divided into 
three phases: (1) injury or exudative phase, (2) reparative or 
proliferative phase, and (3) fibrotic phase.

Injury or Exudative Phase. The injury or exudative phase 
occurs approximately 1 to 7 days (usually 24 to 48 hours) after 
the initial direct lung injury or host insult. Initially, engorge-
ment of the peribronchial and perivascular interstitial space 
produces interstitial edema. Next, fluid from the interstitial 
space crosses the alveolar membrane and enters the alveolar 
space. Intrapulmonary shunt develops because the alveoli fill 
with fluid, and blood passing through them cannot be oxygen-
ated (see Figs. 68-4 and 68-9).

Alveolar type I and II cells (which produce surfactant) are 
damaged by the changes caused by ARDS. This damage, in addi-
tion to further fluid and protein accumulation, results in sur-

factant dysfunction. The function of surfactant is to maintain 
alveolar stability by decreasing alveolar surface tension and pre-
venting alveolar collapse. Decreased synthesis of surfactant and 
inactivation of existing surfactant cause the alveoli to become 
unstable and collapse (atelectasis). Widespread atelectasis 
further decreases lung compliance, compromises gas exchange, 
and contributes to hypoxemia.

Also during this stage, necrotic cells, protein, and fibrin form 
hyaline membranes that line the alveoli. Hyaline membranes 
contribute to the development of fibrosis and atelectasis, leading 
to a decrease in gas exchange capability and lung compliance.

The primary pathophysiologic changes that describe the 
injury or exudative phase of ARDS are interstitial and alveolar 
edema (noncardiogenic pulmonary edema) and atelectasis. 
Severe V/Q mismatch and shunting of pulmonary capillary 
blood result in hypoxemia unresponsive to increasing con-
centrations of O2 (termed refractory hypoxemia). Diffusion 
limitation, caused by hyaline membrane formation, worsens 
the hypoxemia. As the lungs become less compliant because 
of decreased surfactant, pulmonary edema, and atelectasis,  
the patient must generate higher airway pressures to inflate 
“stiff ” lungs. Reduced lung compliance greatly increases the 
patient’s WOB. During ventilator management at this stage, 
increasing inspiratory and plateau pressures may be needed to 
deliver a controlled ventilation because of worsening lung 
compliance.41-43

Hypoxemia and the stimulation of juxtacapillary receptors 
in the stiff lung parenchyma (J reflex) initially cause an increase 
in respiratory rate and a decrease in tidal volume. This breathing 
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lung volumes, and functional residual capacity (FRC, the amount 
of air remaining in the lungs at the end of normal expiration). 
Tachycardia, diaphoresis, changes in mental status, cyanosis, 
and pallor may be present. Chest auscultation usually reveals 
scattered to diffuse crackles and rhonchi. The chest x-ray shows 
diffuse and extensive bilateral interstitial and alveolar infiltrates. 
A central venous or PA catheter may be inserted. PA wedge 
pressure does not increase in ARDS because the cause is non-
cardiogenic (not related to the heart).

Hypoxemia despite increased FIO2 by mask, cannula, or 
endotracheal tube is a hallmark of ARDS. ABGs may initially 
demonstrate a normal or decreased PaCO2 despite severe 
dyspnea and hypoxemia. Hypercapnia signifies that respiratory 
muscle fatigue and hypoventilation are occurring, interfering 
with optimum gas exchange.

As ARDS progresses, it is associated with profound respira-
tory distress requiring endotracheal intubation and PPV. The 
chest x-ray is often termed whiteout or white lung because con-
solidation and infiltrates are widespread throughout the lungs, 
leaving few recognizable air spaces (Fig. 68-11). Pleural effu-
sions may also be present. Severe hypoxemia, hypercapnia, 
metabolic acidosis, and manifestations of target organ dysfunc-
tion may develop if therapy is not promptly started.

Complications
Complications may develop as a result of ARDS itself or its 
treatment. (Table 68-7 lists the common complications of 

pattern increases CO2 removal, producing respiratory alkalosis. 
CO increases in response to hypoxemia, a compensatory effort 
to increase pulmonary blood flow. However, as atelectasis, pul-
monary edema, and pulmonary shunt increase, compensation 
fails, and hypoventilation, decreased CO, and decreased tissue 
O2 perfusion eventually occur.

Reparative or Proliferative Phase. The reparative or prolif-
erative phase of ARDS begins 1 to 2 weeks after the initial lung 
injury. During this phase, there is an influx of neutrophils, 
monocytes, and lymphocytes and fibroblast proliferation as part 
of the inflammatory response. The proliferative phase is com-
plete when the diseased lung is characterized by dense, fibrous 
tissue. Increased pulmonary vascular resistance and pulmonary 
hypertension may occur in this stage because fibroblasts and 
inflammatory cells destroy the pulmonary vasculature. Lung 
compliance continues to decrease as a result of interstitial fi-
brosis. Hypoxemia worsens because of the thickened alveolar 
membrane, causing diffusion limitation and shunting. If the 
reparative phase persists, widespread fibrosis results. If the  
reparative phase is stopped, the lesions will resolve.

Fibrotic Phase. The fibrotic phase of ARDS occurs approxi-
mately 2 to 3 weeks after the initial lung injury. This phase is 
also called the chronic or late phase of ARDS. By this time, the 
lung is completely remodeled by collagenous and fibrous tissues. 
The diffuse scarring and fibrosis result in decreased lung com-
pliance. In addition, the surface area for gas exchange is signifi-
cantly reduced because the interstitium is fibrotic, and therefore 
hypoxemia continues. Pulmonary hypertension results from 
pulmonary vascular destruction and fibrosis.

Clinical Progression
Progression of ARDS varies among patients. Some survive the 
acute phase of lung injury. Pulmonary edema resolves, and 
complete recovery occurs in a few days. The chance for survival 
is poor in those who enter the fibrotic (chronic or late) stage, 
which requires long-term mechanical ventilation. It is not 
known why injured lungs repair and recover in some patients, 
and in others ARDS progresses. Several factors seem to be 
important in determining the course of ARDS, including the 
nature of the initial injury, extent and severity of coexisting 
diseases, and pulmonary complications (e.g., pneumothorax, O2 
toxicity).

Clinical Manifestations and Diagnostic Studies
The initial presentation of ARDS is often subtle. At the time of 
the initial injury, and for several hours to 1 or 2 days afterward, 
the patient may not experience respiratory symptoms or may 
exhibit only dyspnea, tachypnea, cough, and restlessness. Chest 
auscultation may be normal or reveal fine, scattered crackles. 
ABGs usually indicate mild hypoxemia and respiratory alkalo-
sis caused by hyperventilation. (Table 68-6 presents the find-
ings that support a diagnosis of ALI and ARDS.) Respiratory 
alkalosis results from hypoxemia and the stimulation of juxta-
capillary receptors. The chest x-ray may be normal or reveal 
minimal scattered interstitial infiltrates. Edema may not show 
on the x-ray until there is a 30% increase in fluid content in  
the lung.

As ARDS progresses, symptoms worsen because of increased 
fluid accumulation and decreased lung compliance. Respiratory 
distress becomes evident as WOB increases. Tachypnea and 
intercostal and suprasternal retractions may be present. Pulmo-
nary function tests in ARDS reveal decreases in compliance, 

TABLE 68-6 DIAGNOSTIC FINDINGS IN ALI 
AND ARDS

Refractory Hypoxemia
Acute lung injury:	PaO2/FIO2	ratio	between	200-300
Acute respiratory distress syndrome:	PaO2/FIO2	ratio	<200

Chest X-Ray
New	bilateral	interstitial	and	alveolar	infiltrates

Pulmonary Artery Wedge Pressure
≤18	mm	Hg	or	no	clinical	evidence	of	heart	failure

FIG. 68-11	 Chest	 x-ray	 of	 a	 patient	 with	 acute	 respiratory	 distress	 syn-
drome	(ARDS).	The	x-ray	shows	new,	bilateral,	diffuse,	homogeneous	pul-
monary	infiltrates	without	cardiac	failure,	fluid	overload,	chest	infection,	or	
chronic	lung	disease.	
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Barotrauma. Barotrauma may result from rupture of over-
distended alveoli during mechanical ventilation. The high peak 
airway pressures required may predispose patients with ARDS 
to this complication. Barotrauma results in alveolar air reaching 
locations where it is not usually found. This can lead to pul-
monary interstitial emphysema, pneumothorax, subcutaneous 
emphysema, pneumoperitoneum, pneumomediastinum, pneu-
mopericardium, and tension pneumothorax.49 (Chapter 28 dis-
cusses pneumothorax.)

To avoid barotrauma and minimize the risk associated with 
elevated plateau and peak inspiratory pressures, the patient with 
ARDS is often ventilated with smaller tidal volumes (e.g., 6 mL/
kg) and varying amounts of positive end-expiratory pressure 
(PEEP) to minimize O2 requirements and intrathoracic pres-
sures. This approach, called the Acute Respiratory Distress Syn-
drome Clinical Network (ARDSNet) protocol, reduces mortality 
rate and the number of ventilator days for these patients. One 
result of this protocol is an elevation in PaCO2. This is termed 
permissive hypercapnia because the PaCO2 is allowed to rise 
above normal limits. It is generally well tolerated as long as the 
rise in PaCO2 is gradual to allow systemic and brain circulation 
to compensate, the pH is 7.2 or higher, and the patient does not 
have preexisting ICP elevation.49-51

ARDS.) The major cause of death in ARDS is MODS, often 
accompanied by sepsis. The vital organs most commonly 
involved are the kidneys, liver, and heart. The organ systems 
most often involved are the CNS, hematologic system, and GI 
system.

Ventilator-Associated Pneumonia. A frequent complica-
tion of ARDS is ventilator-associated pneumonia (VAP), occur-
ring in as many as 68% of patients with ARDS. Risk factors 
include impaired host defenses, contaminated equipment, inva-
sive monitoring devices, aspiration of GI contents (especially in 
patients receiving enteral feedings), and prolonged mechanical 
ventilation. Strategies to prevent VAP include strict infection 
control measures (e.g., strict hand washing, sterile technique 
during endotracheal suctioning, frequent mouth care and  
oral hygiene) and a ventilator bundle protocol44-48 (Table 68-8). 
(Chapter 28 discusses pneumonia, and Chapter 66 discusses 
VAP.)

TABLE 68-7 COMPLICATIONS ASSOCIATED 
WITH ARDS

Infection
•	 Catheter-related	infection	

(e.g.,	central	and	peripheral	IV	
catheters,	urinary	catheters)

•	 Sepsis

Respiratory Complications
•	 O2	toxicity
•	 Pulmonary	barotrauma	(e.g.,	

pneumothorax,	
pneumomediastinum,	
subcutaneous	emphysema)

•	 Pulmonary	emboli
•	 Pulmonary	fibrosis
•	 Ventilator-associated	

pneumonia

Gastrointestinal 
Complications
•	 Paralytic	ileus
•	 Pneumoperitoneum
•	 Stress	ulceration	and	

hemorrhage
•	 Hypermetabolic	state,	

dramatically	increased	
nutrition	requirements

Renal Complications
•	 Acute	kidney	injury

Cardiac Complications
•	 Dysrhythmias
•	 Decreased	cardiac	output

Hematologic 
Complications
•	 Anemia
•	 Disseminated	intravascular	

coagulation
•	 Thrombocytopenia
•	 Venous	thromboembolism

Endotracheal Tube 
Complications
•	 Laryngeal	ulceration
•	 Tracheal	malacia
•	 Tracheal	stenosis
•	 Tracheal	ulceration

Central Nervous System 
and Psychologic 
Complications
•	 Delirium
•	 Sleep	deprivation
•	 Posttraumatic	stress	disorder

EVIDENCE-BASED PRACTICE
Translating Research Into Practice

How Effective Is Subglottic Secretion Drainage on 
Ventilator-Associated Pneumonia?
Clinical Question
In	 critically	 ill	 patients	 on	 mechanical	 ventilation	 (P),	 how	 effective	 is	
subglottic	secretion	drainage	(I)	on	the	incidence	of	ventilator-associated	
pneumonia	(VAP)	and	length	of	stay	(O)?

Best Available Evidence
•	 Systematic	review	and	meta-analysis	of	randomized	controlled	trials	

(RCTs)

Critical Appraisal and Synthesis of Evidence
•	 Sixteen	RCTs	 (n	=	 1709)	of	 critically	 ill	 intubated	patients	 receiving	

intermittent	or	continuous	subglottic	secretion	drainage.	Outcomes	
were	VAP	rate,	intubation	duration,	length	of	ICU	and	hospital	stay,	
and	mortality.

•	 Subglottic	secretions	pool	immediately	above	the	endotracheal	tube	
cuff.

•	 Subglottic	drainage	decreased	VAP	incidence	by	52%	and	shortened	
duration	on	mechanical	ventilation	by	2	days.	Earlier	extubation	may	
be	related	to	the	3-day	decrease	in	patient	length	of	ICU	stay.

•	 Subglottic	drainage	did	not	affect	length	of	hospital	stay	or	mortality	
rate.

Conclusion
•	 Draining	subglottic	secretions	has	many	positive	patient	outcomes,	

including	decreased	VAP	incidence.

Implications for Nursing Practice
•	 Consult	with	health	care	team	members	regarding	the	importance	of	

subglottic	drainage	for	patients	on	mechanical	ventilation.

Reference for Evidence
Leasure	R,	Stirlen	J,	Lu	S:	Prevention	of	ventilator-associated	pneumo-

nia	 through	aspiration	of	subglottic	secretions:	a	systematic	 review	
and	meta-analysis,	Dimens Crit Care Nurs	31:102,	2012.

P,	Patient	population	of	interest;	I,	intervention	or	area	of	interest;	O,	outcomes	of	
interest	(see	p.	12).

TABLE 68-8 COMPONENTS OF A 
VENTILATOR BUNDLE

Source:	Institute	for	Healthcare	Improvement:	Implement	the	IHI	ventilator	bundle.	
Retrieved	from	www.ihi.org/knowledge/Pages/Changes/ImplementtheVentilator
Bundle.aspx.

•	 Elevation	of	head	of	the	bed	30	to	45	degrees
•	 Daily	“sedation	holidays”	and	assessment	of	readiness	for	

extubation	(see	Chapter	66)
•	 Peptic	ulcer	disease	prophylaxis	(see	Chapter	42)
•	 Venous	thromboembolism	prophylaxis	(see	Chapter	38)
•	 Daily	oral	care	with	chlorhexidine	(0.12%)	solution		

(see	Table	66-9)
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NURSING ASSESSMENT
Because ARDS causes acute respiratory failure, the subjective 
and objective data that you should obtain from someone with 
ARDS are the same as those for acute respiratory failure (see 
Table 68-3).

NURSING DIAGNOSES
Nursing diagnoses for the patient with ARDS may include, but 
are not limited to, those described for acute respiratory failure 
(see p. 1660).

PLANNING
Patients with ARDS are cared for in critical care units. With 
appropriate therapy, the overall goals include a PaO2 of 
60 mm Hg or higher and adequate lung ventilation to maintain 
normal pH. The goals for a patient recovering from ARDS 
include (1) PaO2 within normal limits for age or baseline values 
on room air, (2) SaO2 greater than 90%, (3) patent airway, and 
(4) clear lungs on auscultation.

OXYGEN ADMINISTRATION. The primary goal of O2 therapy is 
to correct hypoxemia. O2 administered via a face mask or nasal 
cannula is inadequate to treat refractory hypoxemia that is asso-
ciated with ARDS. Initially use masks with high-flow systems 
that deliver higher O2 concentrations to maximize O2 delivery. 
Continuously monitor SpO2 to assess the effectiveness of O2 
therapy. The general standard for O2 administration is to give 
the patient the lowest concentration that results in a PaO2 
greater than 60 mm Hg. The patient’s risk for O2 toxicity 
increases when the FIO2 exceeds 60% for more than 48 hours. 
Patients with ARDS need intubation with mechanical ventila-
tion to maintain the PaO2 at acceptable levels.

POSITIVE PRESSURE VENTILATION. Endotracheal intubation 
and PPV provide additional respiratory support. However, even 
with these interventions it may be necessary to maintain the 
FIO2 at 60% or higher to maintain a PaO2 of at least 60 mm Hg. 
During PPV, it is common to apply PEEP at 5 cm H2O to com-
pensate for loss of glottic function caused by the endotracheal 
tube. In patients with ARDS, higher levels of PEEP (e.g., 10 to 
20 cm H2O) may be used. PEEP increases FRC and opens up 
collapsed alveoli. PEEP is typically applied in 3 to 5 cm H2O 
increments until oxygenation is adequate with FIO2 less than or 
equal to 60%. PEEP may improve V/Q in respiratory units that 
collapse at low airway pressures, thus allowing the FIO2 to be 
lowered.

However, PEEP is not a benign therapy. The additional 
intrathoracic and intrapulmonic pressures can compromise 
venous return to the right side of the heart, thereby decreasing 
preload, CO, and BP. High levels of PEEP cause hyperinflation 
of the alveoli, compression of the pulmonary capillary bed, 
reduction in blood return to the left side of the heart, and a 
dramatic reduction in BP. In addition, high levels of PEEP or 
excessive inspiratory pressures can result in barotrauma and 
volutrauma.

If hypoxemic respiratory failure persists in spite of high 
levels of PEEP, alternative modes and therapies may be used. 
These include airway pressure release ventilation, pressure-
control inverse ratio ventilation, high-frequency ventilation, 
and permissive hypercapnia (low tidal volumes that allow 
PaCO2 to increase slowly).49-51 (Chapter 66 provides additional 
information on mechanical ventilation and PEEP.)

Extracorporeal membrane oxygenation (ECMO) and extra-
corporeal CO2 removal (ECCO2R) pass blood across a gas-

TABLE 68-9 COLLABORATIVE CARE 
Acute Respiratory Distress Syndrome

Diagnostic
See	Table	68-6

Collaborative Therapy
Respiratory Therapy
•	 O2	administration
•	 Lateral	rotation	therapy
•	 Positive	pressure	ventilation	with	PEEP
•	 Prone	positioning
•	 Permissive	hypercapnia
•	 Alternative	modes	of	mechanical	ventilation:	pressure-control	

inverse	ratio	ventilation,	airway	pressure	release	ventilation,	
high-frequency	ventilation	(see	Chapter	66)

Supportive Therapy
•	 Identification	and	treatment	of	underlying	cause
•	 Hemodynamic	monitoring
•	 Inotropic	and	vasopressor	medications

•	 dopamine	(Intropin)
•	 dobutamine	(Dobutrex)
•	 norepinephrine	(Levophed)

•	 Diuretics
•	 IV	fluid	administration
•	 Sedation/analgesia
•	 Neuromuscular	blockade

PEEP,	Positive	end-expiratory	pressure.

Volutrauma. Volutrauma occurs in patients with ARDS or 
other clinical states requiring mechanical ventilation and large 
tidal volumes (e.g., 10 to 15 mL/kg) to ventilate noncompliant 
lungs. Volutrauma results in alveolar fractures (damage or tears 
in the alveoli) and movement of fluids and proteins into the 
alveolar spaces. To limit this complication, smaller tidal volumes 
or pressure-control ventilation is recommended in patients with 
ARDS (see Chapter 66).

Stress Ulcers. Critically ill patients with acute respiratory 
failure are at high risk for stress ulcers. Bleeding from stress 
ulcers occurs in 30% of patients with ARDS who require PPV, 
a higher incidence than other causes of acute respiratory failure. 
Management strategies include correction of predisposing  
conditions such as hypotension, shock, and acidosis. Prophy-
lactic management includes antiulcer agents such as proton 
pump inhibitors (e.g., pantoprazole [Protonix]), and mucosal-
protecting agents (e.g., sucralfate [Carafate]). Early initiation of 
enteral nutrition also helps prevent mucosal damage (see Chap-
ters 40 and 66).

Renal Failure. Renal failure can occur from decreased renal 
tissue oxygenation because of hypotension, hypoxemia, or 
hypercapnia. Renal failure may also result from the administra-
tion of nephrotoxic drugs (e.g., vancomycin [Vancocin]) used 
to treat ARDS-related infections.

NURSING AND COLLABORATIVE MANAGEMENT 
ACUTE RESPIRATORY DISTRESS SYNDROME

The collaborative care for acute respiratory failure (see Table 
68-4) and the nursing care plan for acute respiratory failure 
(eNursing Care Plan 68-1, available on the website for this 
chapter) apply to patients with ARDS. The following section 
discusses additional collaborative care measures for the patient 
with ARDS (Table 68-9).
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every 24 hours to simulate postural drainage and to help mobi-
lize pulmonary secretions. In addition, the bed may also contain 
a vibrator pack that provides chest physiotherapy. This feature 
assists with secretion mobilization and removal (Fig. 68-13). 
Kinetic therapy is similar to CLRT in that patients are rotated 
side-to-side 40 degrees or more. It is important to obtain base-
line assessments of the patient’s pulmonary status (e.g., respira-
tory rate and rhythm, breath sounds, ABGs, SpO2) and continue 
to monitor the patient throughout the therapy.

MEDICAL SUPPORTIVE THERAPY
MAINTENANCE OF CARDIAC OUTPUT AND TISSUE PERFUSION. 

Patients on PPV and PEEP frequently experience decreased 
CO. One cause is decreased venous return from the PEEP-
induced increase in intrathoracic pressure. Impaired contractil-
ity and decreased preload can also decrease CO. Hemodynamic 
monitoring (e.g., CVP, CO, ScvO2, SvO2) via central venous or 
pulmonary artery pressure, or arterial pressure-based CO mon-
itoring, is essential. This allows you to see trends, detect changes, 
and adjust therapy as needed. An arterial catheter also provides 
continuous monitoring of BP and sampling of blood for ABGs. 
If the CO falls, it may be necessary to administer crystalloid 
fluids or colloid solutions or to lower PEEP. Use of inotropic 
drugs such as dobutamine (Dobutrex) or dopamine (Intropin) 
may also be necessary. (Chapter 66 discusses hemodynamic 
monitoring in detail.)

Packed red blood cells are used to increase hemoglobin and 
thus the O2-carrying capacity of the blood. The hemoglobin 
level is usually kept around 9 to 10 g/dL (90 to 100 g/L) with 
an SpO2 of 90% or more (when PaO2 is greater than 60 mm Hg).

MAINTENANCE OF NUTRITION AND FLUID BALANCE. Maintenance 
of nutrition and fluid balance is challenging in the patient with 
ARDS. Consult with a dietitian to determine optimal caloric 
needs. Enteral or parenteral feedings are started to meet the 
high energy requirements of these patients. Enteral formulas 
enriched with omega-3 fatty acids may improve the clinical 
outcomes of patients with ARDS.5

Increasing pulmonary capillary permeability results in fluid 
in the lungs and causes pulmonary edema. At the same time, 
the patient may be volume depleted and thus at risk for hypo-

exchanging membrane outside the body and then return 
oxygenated blood back to the body. ECCO2R with PPV allows 
the lungs to heal while the lungs are not functional.52,53

Positioning Strategies. Some patients with ARDS have a 
marked improvement in PaO2 when turned from the supine 
to the prone position (e.g., PaO2 70 mm Hg supine, PaO2 
90 mm Hg prone) with no change in FIO2

54 (Fig. 68-12). The 
response may be sufficient to allow a reduction in FIO2 or 
PEEP.

In the early phases of ARDS, fluid moves freely throughout 
the lung. Because of gravity, this fluid pools in dependent 
regions of the lung. As a result, some alveoli are fluid filled 
(dependent areas), whereas others are air filled (nondependent 
areas). In addition, when the patient is supine, the heart and 
mediastinal contents place more pressure on the lungs than in 
the prone position. Thus the supine position changes pleural 
pressure and predisposes the patient to atelectasis. If you turn 
the patient from supine to prone, air-filled, nonatelectatic alveoli 
in the ventral (anterior) portion of the lung become dependent. 
Perfusion may be better matched to ventilation. Not all patients 
respond to prone positioning with an increase in PaO2, and 
there is no reliable way of predicting who will respond. Prone 
positioning may be considered for patients with refractory 
hypoxemia who do not respond to other strategies to increase 
PaO2.54

Other positioning strategies to consider for patients with 
ARDS include continuous lateral rotation therapy (CLRT) and 
kinetic therapy. CLRT provides continuous, slow, side-to-side 
turning of the patient by rotating the actual bed frame less than 
40 degrees. The bed’s lateral movement is maintained for 18 of 

FIG. 68-12	 A,	Turning	patient	prone	on	Vollman	Prone	Positioner.	B,	Patient	
lying	 prone	 on	 Vollman	 Prone	 Positioner.	 (©2006	 Hill-Rom	 Services,	 Inc.	
Reprinted	with	permission.	All	rights	reserved.)

A

B FIG. 68-13	 TotalCare	SpO2RT	Bed	System	offers	continuous	 lateral	 rota-
tion	therapy	and	percussion	and	vibration	therapies.	Patients	can	easily	and	
quickly	be	repositioned.	(©2006	Hill-Rom	Services,	Inc.	Reprinted	with	per-
mission.	All	rights	reserved.)
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believe that colloids help keep fluid from leaking into the alveoli. 
The patient is often placed on fluid restriction, and diuretics are 
used as necessary.

EVALUATION
The expected outcomes for the patient with ARDS are  
similar to those for a patient with acute respiratory failure  
(see p. 1664).

tension and decreased CO from mechanical ventilation and 
PEEP. Monitor hemodynamic parameters (e.g., CVP, stroke 
volume variation), daily weights, and intake and output to 
assess the patient’s fluid status. Controversy exists as to the 
benefits of fluid replacement with crystalloids versus colloids. 
Critics of colloid replacement believe that proteins in colloids 
may leak into the pulmonary interstitium, increasing the move-
ment of fluid into the alveoli. Advocates of colloid replacement 

CASE STUDY
Acute Respiratory Distress Syndrome

Patient Profile
J.N.	is	a	55-yr-old	white	man	who	was	admitted	12	hr	
ago	 to	a	surgical	 ICU	after	emergent	surgery	 for	an	
acutely	ischemic	bowel.

Past Medical History
•	 Lumbar	spine	surgery	5	yr	ago
•	 Chronic	back	pain	controlled	with	oxycodone	(Oxy-

Contin)	15	mg	PO	tid
The	surgical	procedure	involved	extensive	abdomi-

nal	 surgery	 to	 repair	 a	 perforated	 colon,	 irrigate	 the	
abdominal	 cavity,	 and	 provide	 hemostasis.	 During	

surgery	his	systolic	BP	dropped	to	70	mm	Hg.	Seven	units	of	packed	red	
blood	cells	and	4	L	of	0.9%	saline	were	infused.	He	is	receiving	60%	O2	
via	an	aerosol	face	mask.

Postoperative Orders
•	 Continuous	ECG	and	pulse	oximetry	monitoring
•	 Infuse	0.9%	saline	at	125	mL/hr	via	a	central	venous	IV	catheter
•	 Monitor	hourly	urine	output	via	indwelling	bladder	catheter
•	 Pain	management	via	a	continuous	IV	infusion	of	morphine

J.N.’s	pulmonary	status	worsens.	He	needs	progressively	higher	FIO2.	
Emergent	endotracheal	intubation	and	mechanical	ventilation	are	needed.	
Sedation,	analgesia,	and	neuromuscular	blockade	are	started	 to	achieve	
anxiolysis,	 pain	 control,	 and	 ventilator	 synchrony.	 Postintubation	 chest	
x-ray	 reveals	 a	 pneumothorax,	 requiring	 the	 emergent	 placement	 of	 a	
chest	 tube.	 Immediately	 after	 chest	 tube	 placement,	 his	 O2	 saturation	
decreased	 significantly	 below	 baseline	 to	 80%-82%.	 No	 significant	
changes	were	evident	in	ventilation	or	lung	compliance,	and	he	remained	
synchronous	with	mechanical	ventilation.	ABGs	showed	PaCO2	increased	
to	 52	mm	Hg	 and	 PaO2	 decreased	 to	 44	mm	Hg.	 J.N.	 was	 tachycardic	
during	 and	 immediately	 after	 chest	 tube	 insertion.	 A	 10-mg	 bolus	 of		
morphine	 is	 given	 followed	 by	 an	 increase	 in	 the	 continuous	 infusion.		
After	 30	min,	 his	 O2	 saturation	 improved	 to	 90%-91%	 and	 ABGs	
showed	improved	oxygenation	(PaO2	63	mm	Hg)	and	ventilation	(PaCO2	
45	mm	Hg).

Postoperative Day 1
J.N.’s	lung	function	continues	to	worsen	and	his	hypoxemia	is	refractory	
to	100%	FIO2	and	high	 levels	of	PEEP.	He	experiences	kidney	and	 liver	
failure.	There	 is	 little	hope	of	weaning	him	 from	mechanical	ventilation.	
He	has	an	advance	directive	that	 indicates	he	does	not	want	to	be	kept	
alive	by	artificial	means.

Subjective Data
•	 Patient	is	sedated	and	paralyzed.	Unable	to	communicate.
•	 His	wife	and	two	adult	children	are	at	the	bedside	and	voicing	concerns	

and	questions	regarding	his	progress.

Objective Data
Physical Assessment
•	 General:	Sedated,	paralyzed,	well-nourished	man;	head	of	bed	elevated	

45	degrees;	skin	cool	with	moderate	diaphoresis

•	 Respiratory:	No	accessory	muscle	use,	retractions,	or	paradoxic	breath-
ing;	respiratory	rate	18	breaths/min	and	in	phase	with	ventilator;	SpO2	
85%;	fine	crackles	at	lung	bases

•	 Cardiovascular:	BP	100/60	mm	Hg
•	 ECG	as	follows:

•	 Equal	apical-radial	pulse;	weak	peripheral	pulses;	 temperature	101°	F	
(38.3°	C)	rectally

•	 Gastrointestinal:	 Surgical	 dressing	 dry	 and	 intact;	 colostomy	 draining	
serosanguineous	drainage

•	 Urologic:	 Indwelling	bladder	catheter	draining	concentrated	urine	 less	
than	30	mL/hr

Diagnostic Findings
•	 ABGs:	pH	7.15,	PaO2	59	mm	Hg,	PaCO2	57	mm	Hg,	HCO3	16	mEq/L,	

O2	saturation	86%
•	 PaO2/FIO2	ratio	<200
•	 Chest	 x-ray:	 new	 bilateral,	 scattered	 interstitial	 infiltrates	 compatible	

with	an	ARDS	pattern	as	interpreted	by	the	radiologist

Discussion Questions
1.	How	 does	 the	 pathophysiology	 of	 ARDS	 predispose	 the	 patient	 to	

refractory	hypoxemia?
2.	What	clinical	manifestations	does	J.N.	exhibit	that	support	a	diagnosis	

of	ARDS?
3.	What	are	the	possible	causes	of	ARDS	in	J.N.?
4.	What	are	the	possible	complications	that	J.N.	is	at	risk	for	developing	

secondary	to	ARDS?
5.	What	 are	 possible	 reasons	 for	 J.N.’s	 sudden	 decline	 in	 pulmonary	

status	during	and	immediately	after	chest	tube	insertion?
6.	Evidence-Based Practice:	You	are	orienting	a	new	nurse	who	asks	

you	 why	 you	 offered	 J.N.’s	 family	 the	 opportunity	 to	 stay	 at	 the	
bedside	while	the	chest	tube	was	placed.	How	would	you	respond?

7.	What	are	possible	reasons	for	improved	oxygenation	and	CO2	levels	
after	administration	of	additional	opioid	analgesia?

8.	Priority Decision:	What	priority	interventions	should	be	implemented	
to	improve	J.N.’s	respiratory	status	and	hypoxemia?

9.	Priority Decision:	 Based	 on	 the	 assessment	 data	 presented,	 what	
are	the	priority	nursing	diagnoses?

10.	Delegation Decision:	When	developing	the	plan	of	care	for	J.N.,	what	
tasks	can	you	delegate	to	unlicensed	assistive	personnel	(UAP)?

11.	What	 information	should	you	provide	to	J.N.’s	caregiver(s)	given	his	
decline	in	cardiopulmonary	function?

12.	Given	the	guidelines	in	the	patient’s	advance	directive,	what	ethical/
legal	issues	might	you	encounter	in	this	patient	scenario?

iStockphoto/Thinkstock

	 Answers	available	at	http://evolve.elsevier.com/Lewis/medsurg.
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The number of the question corresponds to the same-numbered 
outcome at the beginning of the chapter.
1. Which signs and symptoms differentiate hypoxemic respiratory 

failure from hypercapnic respiratory failure (select all that apply)?
a. Cyanosis
b. Tachypnea
c. Morning headache
d. Paradoxic breathing
e. Use of pursed-lip breathing

2. The O2 delivery system chosen for the patient in acute respiratory 
failure should
a. always be a low-flow device, such as a nasal cannula or face 

mask.
b. administer continuous positive airway pressure ventilation to 

prevent CO2 narcosis.
c. correct the PaO2 to a normal level as quickly as possible using 

mechanical ventilation.
d. maintain the PaO2 at greater than or equal to 60 mm Hg at the 

lowest O2 concentration possible.

3. The most common early clinical manifestations of ARDS that the 
nurse may observe are
a. dyspnea and tachypnea.
b. cyanosis and apprehension.
c. hypotension and tachycardia.
d. respiratory distress and frothy sputum.

4. Maintenance of fluid balance in the patient with ARDS involves
a. hydration using colloids.
b. administration of surfactant.
c. fluid restriction and diuretics as necessary.
d. keeping the hemoglobin at levels above 9 g/dL (90 g/L).

5. Which intervention is most likely to prevent or limit barotrauma 
in the patient with ARDS who is mechanically ventilated?
a. Decreasing PEEP
b. Increasing the tidal volume
c. Use of permissive hypercapnia
d. Use of positive pressure ventilation

 
For rationales to these answers and even more NCLEX review ques-
tions, visit http://evolve.elsevier.com/Lewis/medsurg.

B R I D G E  T O  N C L E X  E X A M I N A T I O N

1. a, b, d, 2. d, 3. a, 4. c, 5. c
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Nursing Management
Emergency, Terrorism, and 
Disaster Nursing
Linda Bucher

One of the tests of leadership is the ability to  
recognize a problem before it becomes an emergency.

Arnold H. Glasow

L E A R N I N G  O U T C O M E S
1.	 Apply	the	steps	in	triage,	the	primary	survey,	and	the	secondary	

survey	to	a	patient	experiencing	a	medical,	surgical,	or	traumatic	
emergency.

2.	 Relate	the	pathophysiology	to	the	assessment	and	collaborative	care	
of	select	environmental	emergencies	(e.g.,	hyperthermia,	
hypothermia,	submersion	injury,	bites).

3.	 Relate	the	pathophysiology	to	the	assessment	and	collaborative	care	
of	select	toxicologic	emergencies.

4.	 Select	appropriate	nursing	interventions	for	victims	of	violence.
5.	 Differentiate	among	the	responsibilities	of	health	care	providers,	the	

community,	and	select	federal	agencies	in	emergency	and	mass	
casualty	incident	preparedness.

K E Y  T E R M S
emergency, p. 1691
family presence (FP), p. 1678
frostbite, p. 1684
heat cramps, p. 1682
heat exhaustion, p. 1682

heatstroke, p. 1683
hypothermia, p. 1684
jaw-thrust maneuver, p. 1677
mass casualty incident (MCI), p. 1691
primary survey, p. 1676

secondary survey, p. 1678
submersion injury, p. 1686
terrorism, p. 1690
triage, p. 1675

This chapter presents an overview of triage and care of emer-
gency patients not addressed elsewhere in this book. Com-
mon emergency situations discussed include heat- and cold- 
related emergencies, submersion injuries, bites and stings, 
and various types of poisonings. The chapter concludes with 
a discussion of terrorism, followed by a description of a mass 
casualty incident, and the methods of responding to the 
incident.

The emergency management of various medical, surgical, 
and traumatic emergencies is discussed throughout the text-
book. Tables summarize emergency management of specific 
problems. Table 69-1 lists each emergency management table 
by title, chapter number, and page.

Most patients with life-threatening or potentially life-
threatening problems arrive at the hospital through the emer-
gency department (ED). More patients report to the ED for 
less urgent conditions. Every year more than 136 million 
people visit EDs. This number is increasing for a variety of 
reasons, including (1) the inability to see a primary care pro-
vider, (2) an aging population, (3) shorter hospital stays result-
ing in frequent readmissions, (4) acute mental health crises, 
and (5) lack of health insurance (or a primary care provider). 
These factors, plus the increase in ED closures, result in 
chronic overcrowding and long wait times.1,2

Emergency nurses care for patients of all ages and with a 
variety of problems. However, some EDs specialize in certain 

http://evolve.elsevier.com/Lewis/medsurg

•	 NCLEX	Review	Questions
•	 Key	Points
•	 Pre-Test
•	 Answer	Guidelines	for	Case	Study	on		

p.	1692

•	 Rationales	for	Bridge	to	NCLEX	
Examination	Questions

•	 Case	Study
•	 Patient	With	Musculoskeletal	Trauma

•	 Concept	Map	Creator
•	 Glossary
•	 Content	Updates

eTables
•	 eTable	69-1:	Trauma	Verification	Levels
•	 eTable	69-2:	Biologic	Agents	of	Terrorism
•	 eTable	69-3:	Chemical	Agents	of	

Terrorism	by	Target	Organ	or	Effect
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care for nurses working in the ED, and a certification process 
that allows nurses to become certified emergency nurses 
(CENs).3

CARE OF EMERGENCY PATIENT

Recognition of life-threatening illness or injury is one of the 
most important goals of emergency nursing. Initiation of inter-
ventions to reverse or prevent a crisis is often a priority before 
a medical diagnosis is made. This process begins with your first 
contact with a patient. Prompt identification of patients requir-
ing immediate treatment and determination of appropriate 
interventions are essential nurse competencies.

Triage
Triage, a French word meaning “to sort,” refers to the process 
of rapidly determining patient acuity. It is one of the most 
important assessment skills needed by emergency nurses.4,5 
Most often, you will confront multiple patients who have a 
variety of problems. The triage process works on the premise 
that patients who have a threat to life must be treated before 
other patients.

A triage system identifies and categorizes patients so that the 
most critical are treated first. The ENA and American College 
of Emergency Physicians support the use of a five-level triage 
system.6 The Emergency Severity Index (ESI) is a five-level triage 
system that incorporates concepts of illness severity and 
resource utilization (e.g., electrocardiogram [ECG], laboratory 
work, radiology studies, IV fluids) to determine who should be 
treated first5 (Table 69-2). The ESI includes a triage algorithm 
that directs you to assign an ESI level to patients coming into 
the ED. (The triage algorithm can be found in the ESI Imple-
mentation Handbook available at www.ahrq.gov/research/esi.) 
Initially, assess the patient for any threats to life (ESI-1) (e.g., Is 
the patient dying?) or presence of a high-risk situation (ESI-2) 

 TABLE 69-1 EMERGENCY MANAGEMENT 
Emergency Management Tables

Title Chapter Page
Abdominal	Trauma 43 973
Acute	Abdominal	Pain 43 971
Acute	Soft	Tissue	Injury 63 1507
Anaphylactic	Shock 14 214
Chemical	Burns 25 457
Chest	Pain 34 750
Chest	Trauma 28 541
Cocaine	and	Amphetamine	Toxicity 11 164
Depressant	Drug	Overdose 11 164
Diabetic	Ketoacidosis 49 1177
Dysrhythmias 36 793
Electrical	Burns 25 456
Eye	Injury 22 390
Fractured	Extremity 63 1518
Head	Injury 57 1372
Hyperthermia 69 1683
Hypothermia 69 1685
Inhalation	Injury 25 456
Sexual	Assault 54 1302
Shock 67 1641
Spinal	Cord	Injury 61 1474
Stroke 58 1398
Submersion	Injuries 69 1687
Thermal	Burns 25 455
Thoracic	Injuries 28 542
Tonic-Clonic	Seizures 59 1423

TABLE 69-2 FIVE-LEVEL EMERGENCY SEVERITY INDEX (ESI)

Level
Definition ESI-1 ESI-2 ESI-3 ESI-4 ESI-5
Stability of vital 

functions (ABCs)
Unstable Threatened Stable Stable Stable

Life threat or 
organ threat

Obvious Likely	but	not	always	
obvious

Unlikely	but	possible No No

How soon patient 
should be seen 
by physician

Immediately Within	10	min Up	to	1	hr Could	be	delayed Could	be	delayed

Expected resource 
intensity

High	resource	intensity
Staff	at	bedside	

continuously
Often	mobilization	of	

team	response

High	resource	intensity
Multiple,	often	complex	

diagnostic	studies
Frequent	consultation
Continuous	monitoring

Medium	to	high	resource	
intensity

Multiple	diagnostic	studies	
(e.g.,	multiple	laboratory	
studies,	x-rays)	or	brief	
observation

Complex	procedure	(e.g.,	
IV	fluids,	medications)

Low	resource	
intensity

One	simple	
diagnostic	study	
(e.g.,	x-ray)	or	
simple	procedure	
(e.g.,	sutures)

Low	resource	
intensity

Examination	only

Examples Cardiac	arrest,	intubated	
trauma	patient,	
overdose	with	
bradypnea,	severe	
respiratory	distress

Chest	pain	probably	
resulting	from	
ischemia,	multiple	
trauma	unless	
responsive

Abdominal	pain	or	
gynecologic	disorders	
unless	in	severe	
distress,	hip	fracture	in	
older	patient

Closed	extremity	
trauma,	simple	
laceration,	
cystitis

Cold	symptoms,	
minor	burn,	recheck	
(e.g.,	wound),	
prescription	refill

Modified	and	reprinted	with	permission.	Copyright	1999,	Richard	C.	Wuerz,	MD,	and	David	R.	Eitel,	MD.
ABCs,	Airway,	breathing,	circulation.

patient populations or conditions, such as pediatric ED or 
trauma ED. (See eTable 69-1 for the resources at various levels 
of trauma designated facilities.) The Emergency Nurses Asso-
ciation (ENA) is the specialty organization aimed at advancing 
emergency nursing practice. The ENA provides standards of 
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assessment decreases the time needed to identify potential 
threats to life and limits the risk of overlooking a life-threatening 
condition. A primary and secondary survey is the approach 
used for all trauma patients. For nontrauma patients, the 
primary survey is followed by a focused assessment. (Focused 
assessments are discussed in Chapter 3.)

Primary Survey
The primary survey (Table 69-3) focuses on airway, breathing, 
circulation (ABC), disability, and exposure or environmental 
control. It aims to identify life-threatening conditions so that 
appropriate interventions can be started. You may identify life-

(e.g., Is this a high-risk patient who should not wait to be seen?). 
Next, evaluate patients who do not meet the criteria for ESI-1 
or ESI-2 for the number of anticipated resources they may need. 
Assign patients to ESI level 3, 4, or 5 based on this determina-
tion. Normal vital signs are required for patients assigned to ESI 
level 3. Patients with abnormal vital signs may be reassigned to 
ESI level 2.5 (For practice using the ESI triage system, see the 
ESI Implementation Handbook available at www.ahrq.gov/
research/esi.)

After you complete the initial focused assessment to deter-
mine the presence of actual or potential threats to life, proceed 
with a more detailed assessment. A systematic approach to this 

TABLE 69-3 EMERGENCY ASSESSMENT: PRIMARY SURVEY

Assessment Interventions
Airway With Simultaneous Cervical Spine Stabilization and/or Immobilization
•	 Assess	for	respiratory	distress.
•	 Assess	airway	for	patency.
•	 Check	for	loose	teeth	or	foreign	bodies.
•	 Assess	for	bleeding,	vomitus,	or	edema.

•	 Open	airway.
•	 Use	jaw-thrust	maneuver.
•	 Remove	or	suction	any	foreign	bodies.
•	 Insert	oropharyngeal	or	nasopharyngeal	airway,	endotracheal	tube,	

cricothyroidotomy.
•	 Immobilize	cervical	spine	using	rigid	cervical	collar	and	cervical	immobilization	

device.	Secure	forehead	to	backboard.

Breathing
•	 Assess	ventilation.
•	 Scan	chest	for	signs	of	breathing.
•	 Look	for	paradoxic	movement	of	the	chest	wall	during	

inspiration	and	expiration.
•	 Note	use	of	accessory	muscles	or	abdominal	muscles.
•	 Observe	and	count	respiratory	rate.
•	 Note	color	of	nail	beds,	mucous	membranes,	skin.
•	 Auscultate	lungs.
•	 Assess	for	jugular	venous	distention	and	position	of	trachea.

•	 Give	supplemental	O2	via	appropriate	delivery	system	(e.g.,	non-rebreather	
mask).

•	 Ventilate	with	bag-valve-mask	with	100%	O2	if	respirations	are	inadequate	or	
absent.

•	 Prepare	to	intubate	if	severe	respiratory	distress	(e.g.,	agonal	breaths)	or	
arrest.

•	 Have	suction	available.
•	 If	absent	breath	sounds,	prepare	for	needle	thoracostomy	and	chest	tube	

insertion.

Circulation
•	 Check	carotid	or	femoral	pulse.
•	 Palpate	pulse	for	quality	and	rate.
•	 Assess	skin	color,	temperature,	and	moisture.
•	 Check	capillary	refill.
•	 Assess	for	external	bleeding.
•	 Measure	blood	pressure.

•	 If	absent	pulse,	initiate	cardiopulmonary	resuscitation	and	advanced	
life-support	measures.

•	 If	shock	symptoms	or	hypotensive,	start	two	large-bore	(14-	to	16-gauge)	IVs	
and	initiate	infusions	of	normal	saline	or	lactated	Ringer’s	solution.

•	 Control	bleeding	with	direct	pressure	and	pressure	dressings,	if	appropriate.
•	 Administer	blood	products	if	ordered.
•	 Consider	autotransfusion	if	isolated	chest	trauma.
•	 Consider	use	of	a	pneumatic	antishock	garment	or	pelvic	splint	in	the	

presence	of	pelvic	fracture	with	hypotension.
•	 Obtain	blood	samples	for	type	and	crossmatch.

Disability
Brief Neurologic Assessment
•	 Assess	level	of	consciousness	by	determining	response	to	

verbal	and/or	painful	stimuli	(e.g.,	AVPU,	Glasgow	Coma	Scale).
•	 Assess	pupils	for	size,	shape,	equality,	and	reactivity.

•	 Periodically	reassess	level	of	consciousness,	mental	status,	pupil	size	and	
reactivity.

Identify Deformities
•	 Inspect	extremities	for	any	obvious	deformities.
•	 Determine	range	of	movement	and	strength	in	extremities.

•	 Immobilize	(e.g.,	splint)	any	obvious	deformities.

Brief Pain Assessment
•	 Assess	pain	(e.g.,	PQRST	[see	Table	34-7]). •	 Periodically	reassess	pain	using	standardized	pain	scale.

Exposure and Environmental Control
•	 Assess	full	body	for	additional	or	related	injuries •	 Remove	clothing	for	adequate	examination.

•	 Keep	patient	warm	with	blankets,	warmed	IV	fluids,	overhead	lights	to	
prevent	heat	loss,	if	appropriate.

•	 Maintain	privacy.

AVPU, A	=	alert,	V	=	responsive	to	voice,	P	=	responsive	to	pain,	and	U	=	unresponsive.
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the injury, the cervical spine is immobilized with a rigid cervical 
collar (C-collar) and a cervical immobilization device (CID) 
(also known as “head blocks”). Finally, secure the patient’s fore-
head to the backboard. Do not use sandbags because the weight 
of the bags could move the head if the patient is logrolled.

B = Breathing. Adequate airflow through the upper airway 
does not ensure adequate ventilation. Many conditions cause 
breathing changes, including fractured ribs, pneumothorax, 
penetrating injury, allergic reactions, pulmonary emboli, and 
asthma attacks. Patients with these conditions may have a 
variety of signs and symptoms, including dyspnea (e.g., pulmo-
nary emboli), paradoxic or asymmetric chest wall movement 
(e.g., flail chest), decreased or absent breath sounds on the 
affected side (e.g., pneumothorax), visible wound to chest wall 
(e.g., penetrating injury), cyanosis (e.g., asthma), tachycardia, 
and hypotension.

Every critically injured or ill patient has an increased meta-
bolic and oxygen demand and should have supplemental O2. 
Administer high-flow O2 (100%) via a non-rebreather mask and 
monitor the patient’s response. Life-threatening conditions 
(e.g., flail chest, tension pneumothorax) can severely and quickly 
compromise ventilation. Interventions may include BVM ven-
tilation with 100% O2, needle decompression, intubation, and 
treatment of the underlying cause.

C = Circulation. An effective circulatory system includes the 
heart, intact blood vessels, and adequate blood volume. Uncon-
trolled internal or external bleeding places an individual at risk 
for hemorrhagic shock (see Chapter 67). Check a central pulse 
(e.g., carotid) because peripheral pulses may be absent due to 
direct injury or vasoconstriction. If you feel a pulse, assess the 
quality and rate. Assess the skin for color, temperature, and 
moisture. Altered mental status and delayed capillary refill 
(longer than 3 seconds) are common signs of shock. Take care 
when evaluating capillary refill in cold environments because 
cold delays refill.

Insert IV lines into veins in the upper extremities unless 
contraindicated, such as in a massive fracture or an injury  
that affects limb circulation. Insert two large-bore (14- to 
16-gauge) IV catheters and start aggressive fluid resuscitation 
using normal saline or lactated Ringer’s solution (see Chapter 
67 for more information on hypovolemic shock and fluid 
resuscitation).

Apply direct pressure with a sterile dressing followed by a 
pressure dressing to any obvious bleeding sites. Obtain blood 
samples for typing to determine ABO and Rh group. Give type-

FIG. 69-1	 Jaw-thrust	maneuver	is	the	recommended	procedure	for	opening	
the	airway	of	an	unconscious	patient	with	a	possible	neck	or	spinal	 injury.	
With	the	patient	lying	supine,	kneel	at	the	top	of	the	head.	Place	one	hand	
on	each	side	of	the	patient’s	head,	resting	your	elbows	on	the	surface.	Grasp	
the	angles	of	the	patient’s	lower	jaw	and	lift	the	jaw	forward	with	both	hands	
without	tilting	the	head.	

TABLE 69-4 POTENTIAL LIFE-THREATENING 
CONDITIONS FOUND DURING 
PRIMARY SURVEY*

Airway
•	 Inhalation	injury	(e.g.,	fire	

victim)
•	 Obstruction	(partial	or	

complete)	from	foreign	
bodies,	debris	(e.g.,	
vomitus),	or	tongue

•	 Penetrating	wounds	and/or	
blunt	trauma	to	upper	airway	
structures

Breathing
•	 Anaphylaxis
•	 Flail	chest	with	pulmonary	

contusion
•	 Hemothorax
•	 Pneumothorax	(e.g.,	open,	

tension)

Circulation
•	 Direct	cardiac	injury	(e.g.,	

myocardial	infarction,	trauma)
•	 Pericardial	tamponade
•	 Shock	(e.g.,	massive	burns,	

hypovolemia)
•	 Uncontrolled	external	

hemorrhage
•	 Hypothermia

Disability
•	 Head	injury
•	 Stroke

*List	is	not	all-inclusive.

threatening conditions related to ABCs (Table 69-4) at any 
point during the primary survey. When this occurs, start inter-
ventions immediately, before moving to the next step of the 
survey.

A = Airway With Cervical Spine Stabilization and/or 
Immobilization. Nearly all immediate trauma deaths occur 
because of airway obstruction. Saliva, bloody secretions, 
vomitus, laryngeal trauma, dentures, facial trauma, fractures, 
and the tongue can obstruct the airway. Patients at risk for 
airway compromise include those who have seizures, near-
drowning, anaphylaxis, foreign body obstruction, or cardiopul-
monary arrest. If an airway is not maintained, obstruction of 
airflow, hypoxia, and death will result.

Primary signs and symptoms in a patient with a compro-
mised airway include dyspnea, inability to speak, gasping 
(agonal) breaths, foreign body in the airway, and trauma to the 
face or neck. Airway maintenance should progress rapidly from 
the least to the most invasive method. Treatment includes 
opening the airway using the jaw-thrust maneuver (avoiding 
hyperextension of the neck) (Fig. 69-1), suctioning and/or 
removal of foreign body, insertion of a nasopharyngeal or  
an oropharyngeal airway (in unconscious patients only), and 
endotracheal intubation. If intubation is impossible because of 
airway obstruction, an emergency cricothyroidotomy or trache-
otomy is performed (see Chapter 27). Ventilate patients with 
100% O2 using a bag-valve-mask (BVM) device before intuba-
tion or cricothyroidotomy.7

Rapid-sequence intubation is the preferred procedure for 
securing an unprotected airway in the ED. It involves the use of 
sedation (e.g., midazolam [Versed]) or anesthesia (e.g., etomi-
date [Amidate]) and paralysis (e.g., succinylcholine [Anectine]). 
These drugs aid intubation and reduce the risk of aspiration and 
airway trauma.7 (See Chapter 66 for more information on 
intubation.)

Suspect cervical spine trauma in any patient with face, head, 
or neck trauma and/or significant upper chest injuries. Stabilize 
the cervical spine (head maintained in a neutral position) and/
or immobilize during assessment of the airway. At the scene of 
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specific packed red blood cells if needed. In an emergency (life-
threatening) situation, give uncrossmatched blood if immediate 
transfusion is warranted. Pelvic splints or belts for pelvic frac-
ture may be used for bleeding with hypotension.8

D = Disability. Conduct a brief neurologic examination as 
part of the primary survey. The patient’s level of consciousness 
is a measure of the degree of disability. Determine the patient’s 
response to verbal and/or painful stimuli to assess level of  
consciousness. A simple mnemonic to remember is AVPU: 
A = alert, V = responsive to voice, P = responsive to pain, 
and U = unresponsive. In addition, use the Glasgow Coma 
Scale (GCS) to determine the level of consciousness (see Table 
57-5). Finally, assess the pupils for size, shape, equality, and 
reactivity.

E = Exposure or Environmental Control. Remove all trauma 
patients’ clothing to perform a thorough physical assessment. 
This often requires cutting off the patient’s clothing. Be careful 
not to cut through any area that may provide forensic evidence 
(e.g., bullet hole). Once the patient is exposed, use warming 
blankets, overhead warmers, and warmed IV fluids to limit heat 
loss, prevent hypothermia, and maintain privacy.

Secondary Survey
The secondary survey begins after addressing each step of the 
primary survey and starting any lifesaving interventions. The 
secondary survey is a brief, systematic process that aims to 
identify all injuries9 (Table 69-5).

F = Full Set of Vital Signs, Focused Adjuncts, Facilitate 
Family Presence. Obtain a full set of vital signs, including 
blood pressure (BP), heart rate, respiratory rate, O2 saturation, 
and temperature after the patient is exposed. If the patient  
has sustained or is suspected of having sustained chest trauma, 
or if the BP is abnormally high or low, obtain the BP in both 
arms.

At this point, determine whether to proceed with the sec-
ondary survey or to perform additional interventions. The input 
of other health care team members often influences this deci-
sion. The following focused adjuncts are considered for patients 
who sustain significant trauma or require lifesaving interven-
tions during the primary survey:

• Continuously monitor ECG for heart rate and rhythm.
• Continuously monitor O2 saturation and end-tidal carbon 

dioxide (if appropriate) (see Chapter 66).
• Obtain portable chest x-ray to confirm exact placement 

of tubes (e.g., endotracheal, gastric).
• Insert an indwelling catheter to decompress the bladder, 

monitor urine output, and check for hematuria. Do not 
insert an indwelling catheter if blood is present at the 
urinary meatus (e.g., urethral tear) or if scrotal hematoma 
or perineal ecchymosis is present. Men with a high-riding 
prostate gland on rectal examination are at risk for a 
urethral injury. The physician may order a retrograde ure-
throgram before inserting a catheter.

• Insert orogastric or nasogastric tube to decompress and 
empty the stomach, reduce the risk of aspiration, and  
test the contents for blood. Place an orogastric tube in  
a patient with significant head or facial trauma, since a 
nasogastric tube could enter the brain.

• Facilitate laboratory and diagnostic studies (e.g., type  
and crossmatch, complete blood count and metabolic 
panel, blood alcohol, toxicology screening, arterial blood 

gases [ABGs], coagulation profile, cardiac markers, preg-
nancy [urine], x-rays, computed tomography [CT] scans, 
ultrasound).

• Determine the need for tetanus prophylaxis.
Facilitating family presence (FP) completes this step of the 

secondary survey. Research supports the benefits for patients, 
caregivers, and staff of allowing FP during resuscitation and 
invasive procedures.10,11 Patients report that caregivers provide 
comfort, serve as advocates for them, and help remind the 
health care team of their “personhood.” Caregivers who wish to 
be present during invasive procedures and resuscitation view 
themselves as active participants in the care process. They also 
believe that they comfort the patient and that it is their right to 
be with the patient. Nurses report that family members serve as 
“patient helpers” (e.g., provide support) and “staff helpers” (e.g., 
act as a translator).10 It is essential to assign a member of the 
health care team to explain care delivered and answer questions 
should a caregiver request FP during resuscitation or invasive 
procedures.

G = Give Comfort Measures. Provision of comfort measures 
is of paramount importance when caring for patients in the ED. 
Pain is the primary complaint of most patients who come to  
the ED.12 Many EDs have developed pain management guide-
lines to treat pain early, beginning at triage. Pain management 
strategies should include a combination of pharmacologic (e.g., 
nonsteroidal antiinflammatory drugs, IV opioids) and non-
pharmacologic (e.g., imagery, distraction, positioning) mea-
sures. You play a pivotal role in ongoing pain management 
because of your frequent contact with patients. General comfort 
measures such as providing verbal reassurance, listening, reduc-
ing stimuli (e.g., dimming lights), and developing a trusting 
relationship with the patient and caregiver should be provided 
to all patients in the ED. Additional measures include splinting, 
elevating, and icing injured extremities as appropriate.

H = History and Head-to-Toe Assessment. The history of 
the incident, injury, or illness provides clues to the cause of the 
crisis (e.g., Were the injuries self-inflicted?) and suggests spe-
cific assessment and interventions. The patient may not be able 
to give a history. However, caregivers, friends, witnesses, and 
prehospital personnel can often provide necessary information. 
Prehospital information focuses on the mechanism and pattern 
of injury, injuries suspected, vital signs, treatments initiated, 
and patient responses.

Details of the incident are extremely important because the 
mechanism of injury and injury patterns can predict specific 
injuries. For example, a restrained front-seat passenger may 
have a head injury or knee, femur, or hip fractures from hitting 
the dashboard and an abdominal injury from the seat belt. If 
there were deaths at the scene, the patient is at high risk for 
significant injury.

Patients who jump from buildings or bridges may have bilat-
eral calcaneal (heel) fractures, bilateral wrist fractures, and 
lumbar spine compression fractures. They are also at risk for 
aortic tears. Older patients who have climbed ladders and fallen 
may have had a stroke or myocardial infarction that led to  
the fall.

Prehospital personnel provide a detailed description of the 
patient’s general condition, level of consciousness, and apparent 
injuries. An experienced ED team can complete a history within 
5 minutes of the patient’s arrival. If the patient is emergently ill, 
obtain a thorough history from caregivers or friends after the 
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TABLE 69-5 EMERGENCY ASSESSMENT: SECONDARY SURVEY

Assessment Interventions

Full Set of Vital Signs
Establish	baseline	

vital	signs
•	 Obtain	vital	signs:	temperature,	heart	rate,	respiratory	rate,	oxygen	saturation,	BP	bilaterally.

Focused Adjuncts
Determine	need	for	

additional	
procedures

•	 Initiate	continuous	ECG,	O2	saturation,	and	end-tidal	carbon	dioxide	monitoring.
•	 Insert	urinary	catheter	(if	not	contraindicated).
•	 Insert	gastric	tube.
•	 Obtain	blood	for	laboratory	studies.
•	 Arrange	for	diagnostic	studies	(e.g.,	chest	x-ray).
•	 Provide	tetanus	prophylaxis,	if	appropriate.

Facilitate Family Presence
Determine	caregiver’s	

desire	to	be	present	
during	invasive	
procedures	and/or	
cardiopulmonary	
resuscitation

•	 Assign	team	member	to	support	caregivers.

Give Comfort Measures
Assess,	treat,	and	

reassess	for	pain,	
anxiety

•	 Provide	emotional	support	to	patient	and	caregiver.
•	 Provide	additional	comfort	measures	as	appropriate	(e.g.,	distraction,	ice,	position	of	comfort,	warm	blanket,	analgesia).

History and Head-to-Toe Assessment
History •	 Obtain	details	of	the	incident/illness,	mechanism	and	pattern	of	injury,	length	of	time	since	incident	occurred,	injuries	

suspected,	treatment	provided	and	patient’s	response,	level	of	consciousness.
•	 Use	the	mnemonic	AMPLE	to	determine	Allergies,	Medication	history,	Past	health	history	(e.g.,	preexisting	medical/

psychiatric	conditions,	last	menstrual	period),	Last	meal,	and	Events/Environment	preceding	illness	or	injury.

Head, Neck, and 
Face

•	 Note	general	appearance,	including	skin	color.
•	 Examine	face	and	scalp	for	lacerations,	bone	or	soft	tissue	deformity,	tenderness,	bleeding,	and	foreign	bodies.

•	 Inspect	eyes,	ears,	nose,	and	mouth	for	bleeding,	foreign	bodies,	drainage,	pain,	deformity,	ecchymosis,	lacerations.
•	 Palpate	head	for	depressions	of	cranial	or	facial	bones,	contusions,	hematomas,	areas	of	softness,	bony	crepitus.
•	 Examine	neck	for	stiffness,	pain	in	cervical	vertebrae,	tracheal	deviation,	distended	neck	veins,	bleeding,	edema,	

difficulty	swallowing,	bruising,	subcutaneous	emphysema,	bony	crepitus.

Chest •	 Observe	rate,	depth,	and	effort	of	breathing,	including	chest	wall	movement	and	use	of	accessory	muscles.
•	 Palpate	for	bony	crepitus,	subcutaneous	emphysema.
•	 Auscultate	breath	sounds.
•	 Obtain	12-lead	ECG	and	chest	x-ray.
•	 Inspect	for	external	signs	of	injury:	petechiae,	bleeding,	cyanosis,	bruises,	abrasions,	lacerations,	old	scars.

Abdomen and 
Flanks

•	 Look	for	symmetry	of	abdominal	wall	and	bony	structures.
•	 Inspect	for	external	signs	of	injury:	bruises,	abrasions,	lacerations,	punctures,	old	scars.
•	 Auscultate	for	bowel	sounds.
•	 Palpate	for	masses,	guarding,	femoral	pulses.
•	 Note	type	and	location	of	pain,	rigidity,	or	distention	of	abdomen.

Pelvis and 
Perineum

•	 Gently	palpate	pelvis.
•	 Assess	genitalia	for	blood	at	the	meatus,	priapism,	ecchymosis,	rectal	bleeding,	anal	sphincter	tone.
•	 Determine	ability	to	void.

Extremities •	 Inspect	for	signs	of	external	injury:	deformity,	ecchymosis,	abrasions,	lacerations,	swelling.
•	 Observe	skin	color	and	palpate	skin	for	pain,	tenderness,	temperature,	and	crepitus.
•	 Evaluate	movement,	strength,	and	sensation	in	arms	and	legs.
•	 Assess	quality	and	symmetry	of	peripheral	pulses.

Inspect Posterior 
Surfaces

•	 Logroll	and	inspect	and	palpate	back	for	deformity,	bleeding,	lacerations,	bruises.
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[excessive air], dullness [excessive fluid]) and palpate for 
tenderness.

If you suspect intraabdominal hemorrhage, a focused abdom-
inal sonography for trauma (FAST) to identify blood in the 
peritoneal space (hemoperitoneum) is preferred. This proce-
dure is noninvasive and performed quickly at the bedside.13 
However, a FAST cannot rule out a retroperitoneal bleed. If one 
is suspected, a CT scan is usually ordered.

Pelvis and Perineum. Gently palpate the pelvis to determine 
stability. Do not rock the pelvis. Pain may indicate a pelvic 
fracture and the need for an x-ray. Inspect the genitalia for 
bleeding, priapism, and obvious injuries. Assess for bladder 
distention, hematuria, dysuria, or inability to void. The physi-
cian may perform a rectal examination to check for blood, a 
high-riding prostate gland (e.g., urethral injury), and loss of 
sphincter tone (e.g., spinal cord injury).

Extremities. Assess the upper and lower extremities for point 
tenderness, crepitus, and deformities. Splint injured extremities 
above and below the injury to decrease further soft tissue injury 
and pain. Grossly deformed, pulseless extremities should be 
realigned by the physician and then splinted. Check pulses 
before and after movement or splinting of an extremity. A pulse-
less extremity is a time-critical vascular or orthopedic emer-
gency. Immobilize and elevate injured extremities, and apply ice 
packs. Prophylactic antibiotics are ordered for open fractures.

Also, assess extremities for compartment syndrome. This 
occurs as pressure and swelling increase inside a section of  
an extremity (e.g., anterior compartment of lower leg) over 
several hours. This compromises the viability of the extremity 
muscles, nerves, and arteries. Potential causes of compartment 
syndrome include crush injuries, fractures, edema (e.g., burns), 
and hemorrhage.

I = Inspect Posterior Surfaces. The trauma patient should 
always be logrolled (while maintaining cervical spine immobi-
lization) to inspect the patient’s posterior surfaces and when-
ever movement is needed. This often requires three to four or 
more people with one person supporting the head. Inspect the 
back for ecchymosis, abrasions, puncture wounds, cuts, and 
obvious deformities. Palpate the entire spine for misalignment, 
deformity, and pain.

Intervention and Evaluation
Once the secondary survey is complete, record all findings. 
Provide tetanus prophylaxis based on vaccination history and 
the condition of any wounds14 (Table 69-6).

Regardless of the patient’s chief complaint, ongoing monitor-
ing and evaluation of interventions are critical. You are respon-
sible for providing appropriate interventions and assessing the 
patient’s response. The evaluation of airway patency and the 
effectiveness of breathing will always be the highest priority. 
Monitor respiratory rate and rhythm, O2 saturation, and ABGs 
(if ordered) to evaluate the patient’s respiratory status. Also, 
closely monitor the level of consciousness; vital signs; quality of 
peripheral pulses; urine output; and skin temperature, color, 
and moisture for key information about circulation and 
perfusion.

Depending on the patient’s injuries or illness, the patient 
may be (1) transported for diagnostic tests (e.g., CT scan) or to 
the operating room for immediate surgery; (2) admitted to an 
intensive care, telemetry, or general unit; or (3) transferred to 
another facility. You may go with critically ill patients on trans-
ports. You are responsible for monitoring the patient during 

patient is taken to the treatment area. The history should include 
the following questions:

• What is the chief complaint? What caused the patient to 
seek attention?

• What are the patient’s subjective complaints?
• What is the patient’s description of pain (e.g., location, 

duration, quality, character)?
• What are the witnesses’ (if any) descriptions of the 

patient’s behavior since the onset?
• What is the patient’s health history? The mnemonic 

AMPLE is a memory aid that prompts you to ask about 
the following:
A: Allergies to drugs, food, latex, environment
M: Medication history
P: Past health history (e.g., preexisting medical or psychi-

atric conditions, previous hospitalizations or surgeries, 
smoking history, recent use of drugs or alcohol, tetanus 
immunization, last menstrual period, baseline mental 
status)

L: Last meal
E: Events or environmental factors leading to the illness 

or injury
Head, Neck, and Face. Assess the patient for general appear-

ance, skin color, and temperature. Check the eyes for extra-
ocular movements. A disconjugate gaze is an indication of 
neurologic damage. Battle’s sign, or bruising directly behind the 
ear(s), may indicate a fracture of the base of the posterior 
portion of the skull. “Raccoon eyes,” or periorbital ecchymosis, 
is usually an indication of a fracture of the base of the frontal 
portion of the skull. Check the ears for blood and cerebrospinal 
fluid (see Chapter 57 and Fig. 57-13). Do not block clear drain-
age from the ear or nose.

Assess the airway for foreign bodies, bleeding, edema, and 
loose or missing teeth. Check for the ability to open the mouth 
and swallow. Inspect the neck for bruising, edema, bleeding, or 
distended neck veins. Palpate the trachea to determine whether 
it is midline. A deviated trachea may signal a life-threatening 
tension pneumothorax. Subcutaneous emphysema may indi-
cate laryngotracheal disruption. A stiff or painful neck may 
signify a fracture of one or more cervical vertebrae. Protect  
the cervical spine using a C-collar and supine positioning if 
indicated.

Chest. Inspect the chest for paradoxic chest movements and 
large sucking chest wounds. Palpate the sternum, clavicles, and 
ribs for deformity, point tenderness, and crepitus. Auscultate 
breath sounds and heart sounds. In addition to tension pneu-
mothorax and open pneumothorax, evaluate the patient for rib 
fractures, pulmonary contusion, blunt cardiac injury, and 
hemothorax. Obtain a chest x-ray and 12-lead ECG, particu-
larly on a patient with known or suspected heart disease. The 
ECG is done to detect dysrhythmias and signs of myocardial 
ischemia or infarction.

Abdomen and Flanks. The abdomen and flanks are more dif-
ficult to assess. Frequent evaluation for subtle changes in the 
abdomen is essential. Motor vehicle collisions and assaults can 
cause blunt trauma. Penetrating trauma tends to injure spe-
cific, solid organs (e.g., spleen) based on their trajectory. Stabi-
lize impaled objects (e.g., knife), since they need to be removed 
in a controlled environment such as an operating room. 
Decreased bowel sounds may indicate a temporary paralytic 
ileus. Bowel sounds in the chest may indicate a diaphragmatic 
rupture. Percuss the abdomen for distention (e.g., tympany 
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TABLE 69-6 TETANUS VACCINES AND TIG 
FOR WOUND MANAGEMENT

Source:	Centers	for	Disease	Control	and	Prevention:	Disaster	information:	tetanus	
prevention	after	a	disaster.	Retrieved	from	www.bt.cdc.gov/disasters/disease/
tetanus.asp.

Type of Wound
Vaccination 
History

Clean, Minor 
Wounds All Other Wounds

Age 11–64 Yr*
Unknown	or	<3	

doses	of	tetanus	
toxoid–containing	
vaccine

Tdap	and	
recommend	
catch-up	
vaccination

Tdap	and	recommend	
catch-up	vaccination

TIG

≥3	doses	of	tetanus	
toxoid–containing	
vaccine	and	<5	yr	
since	last	dose

No	indication No	indication

≥3	doses	of	tetanus	
toxoid–containing	
vaccine	and	5–10	yr	
since	last	dose

No	indication Tdap	preferred	(if	not	
yet	received)	or	Td

≥3	doses	of	tetanus	
toxoid–containing	
vaccine	and	>10	yr	
since	last	dose

Tdap	preferred	(if	
not	yet	received)	
or	Td

Tdap	preferred	(if	not	
yet	received)	or	Td

Age ≥65 Yr
Unknown	or	<3	

doses	of	tetanus	
toxoid–containing	
vaccine

Td	or	Tdap	and	
recommend	
catch-up	
vaccination.	Tdap	
preferred	if	patient	
has	close	contact	
with	children	
<12	mo	of	age

Td	or	Tdap	and	
recommend	catch-up	
vaccination.	Tdap	
preferred	if	patient	
has	close	contact	
with	children	
<12	mo	of	age

TIG
≥3	doses	of	tetanus	

toxoid–containing	
vaccine	and	<5	yr	
since	last	dose

No	indication No	indication

≥3	doses	of	tetanus	
toxoid–containing	
vaccine	and	5–10	yr	
since	last	dose

No	indication Td	or	Tdap.	Tdap	
preferred	if	patient	
has	close	contact	
with	children	
<12	mo	of	age

≥3	doses	of	tetanus	
toxoid–containing	
vaccine	and	>10	yr	
since	last	dose

Tdap	preferred	(if	
not	yet	received)	
or	Td

Td	or	Tdap.	Tdap	
preferred	if	patient	
has	close	contact	
with	children	
<12	mo	of	age

Td,	Tetanus-diphtheria	toxoid	absorbed;	Tdap,	tetanus	toxoid,	reduced	diphtheria	
toxoid,	and	acellular	pertussis	vaccine;	TIG,	tetanus	immune	globulin	(human).

*Pregnant	women:	As	part	of	standard	wound	management	care	to	prevent	tetanus,	
a	tetanus	toxoid–containing	vaccine	might	be	recommended	for	wound	management	
in	a	pregnant	woman	if	≥5	yr	have	elapsed	since	last	receiving	Td.	If	a	tetanus	
booster	is	indicated	for	a	pregnant	woman	who	previously	has	not	received	Tdap,	
Tdap	should	be	administered	(at	any	gestational	age).

and improves neurologic outcomes in many patients.15 It is rec-
ommended for all patients who are comatose or who do not 
follow commands after ROSC.16

Therapeutic hypothermia involves three phases: induction, 
maintenance, and rewarming. The induction phase begins in 
the ED. The goal core temperature is 89.6° to 93.2° F (32° to 
34° C). A variety of methods are used to cool patients. These 
include cold saline infusions and cooling devices (e.g., Arctic 
Sun). Patients require intubation and mechanical ventilation, 
invasive monitoring (e.g., arterial and central pressures), and 
continuous assessment during this therapy.15 Protocols are 
used to direct the care of these patients. (Sample protocols and 
procedures are available at www.med.upenn.edu/resuscitation/
hypothermia/protocols.shtml.)

Death in the Emergency Department
Unfortunately, a number of patients will not benefit from the 
skill, expertise, and technology available in the ED. It is impor-
tant for you to deal with your feelings about sudden death so 

transport, notifying the health care team should the patient’s 
condition become unstable, and initiating basic and advanced 
life-support measures as needed.

Post–Cardiac Arrest Hypothermia
Many patients arrive at the ED in cardiac arrest. Patients with 
nontraumatic, out-of-hospital cardiac arrest benefit from a 
combination of good chest compressions and rapid defibrilla-
tion (see Appendix A), therapeutic hypothermia, and support-
ive care. Therapeutic hypothermia for 24 hours after the return 
of spontaneous circulation (ROSC) decreases mortality rates 

EVIDENCE-BASED PRACTICE
Applying the Evidence

F.P.	is	a	76-yr-old	woman	admitted	to	the	emergency	department	with	
new-onset	atrial	fibrillation	with	a	rapid	ventricular	response	(heart	rate	
of	148	beats/min).	She	has	mild	shortness	of	breath	and	palpitations.	
As	you	administer	a	bolus	dose	of	diltiazem	(Cardizem)	and	prepare	the	
continuous	drip,	she	shares	with	you	that	she	 is	concerned	about	her	
pets.	 F.P.	 lives	 alone	 and	 states	 that	 she	 “must	 go	 home”	 but	 will	
“return	in	the	morning”	to	continue	her	treatment.	She	asks	you	to	stop	
her	medication	and	help	her	prepare	to	leave.

Best Available Evidence
Clinician 
Expertise

Patient 
Preferences 
and Values

Atrial	fibrillation	results	in	a	
decrease	in	cardiac	output	
because	of	ineffective	
atrial	contractions	and/or	a	
rapid	ventricular	response.	
Thrombi	(clots)	can	form	
in	the	atria	and	may	pass	
to	the	brain,	causing	
cerebral	embolic	events.

Ventricular	rate	control	(heart	
rate	<100	beats/min)	is	a	
priority	for	patients	with	
atrial	fibrillation.	If	drugs	
or	cardioversion	do	not	
convert	atrial	fibrillation	to	
normal	sinus	rhythm,	
long-term	anticoagulation	
therapy	is	needed.

You	know	that		
the	goals	of	
treatment	for	this	
patient	include	
rate	control,	
prevention	of	
stroke,	and	
conversion	to	
sinus	rhythm,	if	
possible.

F.P.	is	at	risk	for	
complications		
the	longer	her	
heart	rate	
remains	elevated	
and	she	delays	
treatment	of	her	
dysrhythmia.

Patient’s	
concerns		
for	her	pets	
are	greater	
than	her	
concerns	for	
her	current	
health	
situation.

Your Decision and Action
You	and	F.P.	 fully	 explore	options	 for	 the	 care	of	 her	 pets.	None	are	
acceptable	 to	F.P.	You	 then	explain	 the	 risk	 she	 is	 taking	 should	 she	
leave	the	emergency	department.	F.P.	states	she	understands	and	will	
sign	the	papers	needed	to	be	able	 to	 leave.	You	 inform	the	physician	
and	prepare	the	leaving	“Against	Medical	Advice”	papers.

Reference for Evidence
Wann	LS,	Curtis	AB,	January	CT,	et	al:	2011	ACCF/AHA/HRS	focused	

update	on	the	management	of	patients	with	atrial	fibrillation	(updating	
the	2006	guideline):	a	report	of	the	American	College	of	Cardiology	
Foundation/American	Heart	Association	task	force	on	practice	guide-
lines,	J Am Coll Cardiol	57:223,	2011.
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that you can help caregivers begin the grieving process (see 
Chapter 10).

Recognize the importance of certain hospital rituals to  
help caregivers grieve. These can include collecting the belong-
ings, arranging for an autopsy (e.g., coroner’s case), viewing the 
body, and making mortuary arrangements. The death must 
seem real so that the caregivers can begin to accept the death. 
You play a significant role in providing comfort to the surviving 
loved ones after a death in the ED. Whenever possible, provide 
an area for privacy and, if appropriate, arrange for a visit from 
a chaplain.17

Many patients who die in the ED could potentially be can-
didates for non-heart-beating donation. Certain tissues and 
organs (e.g., corneas, heart valves, skin, bone, kidneys) can be 
harvested from patients after death. Approaching caregivers 
about donation after an unexpected death is distressing to both 
the staff and caregivers. For many, however, the act of donation 
may be the first positive step in the grieving process. Organ 
procurement organizations (OPOs) assist in the process of 
screening potential donors, counseling donor families, obtain-
ing informed consent, and harvesting organs from patients who 
are on life support or who die in the ED.18

GERONTOLOGIC CONSIDERATIONS
EMERGENCY CARE
The proportion of the population over age 65 is growing, with 
most leading active lives. Overall, people older than 65 account 
for 24% of all ED visits.19 Regardless of a patient’s age, aggressive 
interventions are warranted for all injuries or illnesses unless 
the patient has a preexisting terminal illness, an extremely low 
chance of survival, or an advance directive indicating a different 
course of action.

The older population is at high risk for injury because of 
many of the anatomic and physiologic changes that occur with 
aging (e.g., reduced visual acuity, limited neck rotation, slower 
gait, reduced reaction time). Of the injury-related admissions 
for people over 65 years old, most are for fractures, with many 
of these resulting from falls.19 The most common causes of falls 
in older adults are generalized weakness, environmental hazards 
(e.g., loose mats, furniture), cardiovascular syncope (e.g., dys-
rhythmias), and orthostatic hypotension (e.g., side effect of 
medications, dehydration). When assessing a patient who has 
fallen, determine whether the physical findings may have caused 
the fall or may be due to the fall itself. For example, a patient 
may come to the ED with acute confusion. The confusion may 
be due to a myocardial infarction or stroke that caused the 
patient to fall, or the patient may have suffered a head injury as 
a result of a fall from tripping on a rug.

Understanding the physiologic and psychosocial aspects of 
aging will improve the care delivered to older adults in the ED 
(see Chapter 5). Unfortunately, many older adults dismiss 
symptoms as simply “normal for their age.” It is important to 
fully investigate any complaint by an older adult.

ENVIRONMENTAL EMERGENCIES
Increased interest in outdoor activities such as running, hiking, 
cycling, skiing, and swimming has increased the number of 
environmental emergencies seen in the ED. Illness or injury 
may be caused by the activity, exposure to weather, or attack 
from various animals or humans. Specific environmental emer-

TABLE 69-7 RISK FACTORS FOR 
HEAT-RELATED EMERGENCIES

Adapted	from	Howard	PK,	Steinmann	RA,	editors:	Sheehy’s emergency nursing,	
ed	6,	St	Louis,	2010,	Mosby.

Age
•	 Infants
•	 Older	adults

Environmental  
Conditions
•	 High	environmental	

temperatures
•	 High	relative	humidity

Preexisting Illness
•	 Cardiovascular	disease
•	 Cystic	fibrosis
•	 Dehydration
•	 Diabetes	mellitus
•	 Obesity
•	 Previous	stroke	or	other	

central	nervous	system	
lesion

•	 Skin	disorders	(e.g.,	large	
burn	scars)

Prescription Drugs
•	 Anticholinergics
•	 Antihistamines
•	 Antiparkinsonian	drugs
•	 Antispasmodics
•	 β-Adrenergic	blockers
•	 Butyrophenones
•	 Diuretics
•	 Phenothiazines
•	 Tricyclic	antidepressants

Alcohol

Street Drugs
•	 Amphetamines
•	 Jimson	weed
•	 Lysergic	acid	diethylamide	

(LSD)
•	 Phencyclidine	(PCP)
•	 3,4-Methylenedioxymeth-	

amphetamine	(MDMA,	
Ecstasy)

gencies discussed in this section include heat-related emergen-
cies, cold-related emergencies, submersion injuries, bites, and 
stings.

HEAT-RELATED EMERGENCIES

Brief exposure to intense heat or prolonged exposure to less 
intense heat leads to heat stress. This occurs when thermoregu-
latory mechanisms such as sweating, vasodilation, and increased 
respirations cannot compensate for exposure to increased 
ambient temperatures. Ambient temperature is a product of 
environmental temperature and humidity. Strenuous activities 
in hot or humid environments, clothing that interferes with 
perspiration, high fevers, and preexisting illnesses predispose 
individuals to heat stress (Table 69-7). Table 69-8 presents the 
management of heat-related emergencies.

Heat Cramps
Heat cramps are severe cramps in large muscle groups fatigued 
by heavy work. Cramps are brief and intense and tend to occur 
during rest after exercise or heavy labor. Nausea, tachycardia, 
pallor, weakness, and profuse diaphoresis are often present. The 
condition is seen most often in healthy, acclimated athletes with 
inadequate fluid intake. Cramps resolve rapidly with rest and 
oral or parenteral replacement of sodium and water. Elevation, 
gentle massage, and analgesia minimize pain associated with 
heat cramps. Instruct the patient to avoid strenuous activity for 
at least 12 hours. Discharge teaching should emphasize salt 
replacement during strenuous exercise in hot, humid environ-
ments. You can also recommend the use of commercially pre-
pared electrolyte solutions (e.g., sports drinks).

Heat Exhaustion
Prolonged exposure to heat over hours or days leads to heat 
exhaustion. This is a clinical syndrome characterized by fatigue, 
nausea, vomiting, extreme thirst, and feelings of anxiety (see 
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(e.g., hallucinations, loss of muscle coordination, combative-
ness) because the brain is extremely sensitive to thermal inju-
ries. Cerebral edema and hemorrhage may occur as a result of 
direct thermal injury to the brain and decreased cerebral blood 
flow.

Death from heatstroke is directly related to the amount of 
time that the patient’s body temperature remains elevated.20 
Prognosis is related to age, baseline health status, and length of 
exposure. Older adults and individuals with diabetes mellitus, 
chronic kidney disease, cardiovascular disease, pulmonary 
disease, or other physiologic compromise are particularly 
vulnerable.

Collaborative Care. Treatment of heatstroke focuses on sta-
bilizing the patient’s ABCs and rapidly reducing the core  
temperature. Administration of 100% O2 compensates for the 
patient’s hypermetabolic state. Ventilation with a BVM or intu-
bation and mechanical ventilation may be required. Correct 
fluid and electrolyte imbalances and initiate continuous ECG 
monitoring for dysrhythmias.

Various cooling methods are available, such as removing 
clothing, covering with wet sheets, and placing the patient in 
front of a large fan (evaporative cooling), immersing the patient 
in a cool water bath (conductive cooling), and administering 
cool fluids or lavaging with cool fluids.20 Whatever method is 
selected, closely monitor the patient’s temperature and control 
shivering. Shivering increases core temperature (because of the 
associated heat generated by muscle activity) and complicates 
cooling efforts. Chlorpromazine (Thorazine) IV is the drug of 
choice to control shivering. Aggressive temperature reduction 
should continue until core temperature reaches 102° F (38.9° C).20 
Antipyretics are not effective in this situation because the ele-
vated temperature is not related to infection.

Table 69-8). Hypotension, tachycardia, elevated body tempera-
ture, dilated pupils, mild confusion, ashen color, and profuse 
diaphoresis are also present. Hypotension and mild to severe 
temperature elevation (99.6° to 104° F [37.5° to 40° C]) are 
caused by dehydration.20 Heat exhaustion usually occurs in 
individuals engaged in strenuous activity in hot, humid weather, 
but it also occurs in sedentary individuals.

Begin treatment by placing the patient in a cool area and 
removing constrictive clothing. Monitor the patient for ABCs, 
including cardiac dysrhythmias (caused by electrolyte imbal-
ances). Initiate oral fluid and electrolyte replacement unless the 
patient is nauseated. Do not use salt tablets because of potential 
gastric irritation and hypernatremia. Initiate a 0.9% normal 
saline IV solution if oral solutions are not tolerated. An initial 
fluid bolus may be needed to correct hypotension. However, 
correlate fluid replacement to clinical and laboratory findings. 
Place a moist sheet over the patient to decrease core tempera-
ture through evaporative heat loss. Consider hospital admission 
for the older adult, the chronically ill, or those who do not 
improve within 3 to 4 hours.

Heatstroke
Heatstroke, the most serious form of heat stress, results from 
failure of the hypothalamic thermoregulatory processes. It is  
a medical emergency. Increased sweating, vasodilation, and 
increased respiratory rate (the body’s attempt to lower tempera-
ture) deplete fluids and electrolytes, specifically sodium. Even-
tually, sweat glands stop functioning, and core temperature 
increases rapidly, within 10 to 15 minutes. The patient has a core 
temperature greater than 104° F (40° C), altered mentation, 
absence of perspiration, and circulatory collapse. The skin is 
hot, dry, and ashen. A range of neurologic symptoms occur 

 TABLE 69-8 EMERGENCY MANAGEMENT 
Hyperthermia

Etiology Assessment Findings Interventions

Environmental
•	 Lack	of	acclimatization
•	 Physical	exertion,	especially	during	hot	weather
•	 Prolonged	exposure	to	extreme	temperatures

Trauma
•	 Head	injury
•	 Spinal	cord	injury

Metabolic
•	 Dehydration
•	 Diabetes
•	 Thyrotoxicosis

Drugs
•	 Amphetamines
•	 Antihistamines
•	 β-Adrenergic	blockers
•	 Diuretics
•	 Phenothiazines
•	 Tricyclic	antidepressants

Other
•	 Alcohol
•	 Cardiovascular	disease
•	 CNS	disorders

Heat Cramps
•	 Severe	muscle	contractions	in	exerted	

muscles
•	 Thirst

Heat Exhaustion
•	 Pale,	ashen	skin
•	 Fatigue,	weakness
•	 Profuse	sweating
•	 Extreme	thirst
•	 Altered	mental	status	(e.g.,	anxiety)
•	 Hypotension
•	 Tachycardia
•	 Weak,	thready	pulse
•	 Temperature	99.6°-104°	F	(37.5°-40°	C)

Heatstroke
•	 Hot,	dry	skin
•	 Altered	mental	status	(e.g.,	ranging	

from	confusion	to	coma)
•	 Hypotension
•	 Tachycardia
•	 Weakness
•	 Temperature	>104°	F	(40°	C)

Initial
•	 Manage	and	maintain	ABCs.
•	 Provide	high-flow	O2	via	non-rebreather	mask	or	

BVM.
•	 Establish	IV	access	and	begin	fluid	replacement	

for	significant	heat	injury.
•	 Place	patient	in	a	cool	environment.
•	 For	patient	with	heatstroke,	initiate	rapid	cooling	

measures:	remove	patient’s	clothing,	place	wet	
sheets	over	patient,	and	place	in	front	of	fan;	
immerse	in	a	cool	water	bath;	administer	cool	IV	
fluids	or	lavage	with	cool	fluids.

•	 Obtain	12-lead	ECG.
•	 Obtain	blood	for	electrolytes	and	CBC.
•	 Insert	urinary	catheter.

Ongoing Monitoring
•	 Monitor	ABCs,	temperature	and	vital	signs,	level	

of	consciousness.
•	 Monitor	heart	rhythm,	O2	saturation,	and	urine	

output.
•	 Replace	electrolytes	as	needed.
•	 Monitor	urine	for	development	of	myoglobinuria.
•	 Monitor	clotting	studies	for	development	of	

disseminated	intravascular	coagulation.

ABCs,	Airway,	breathing,	circulation;	BVM,	bag-valve-mask.
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Monitor the patient for signs of rhabdomyolysis (a serious 
syndrome caused by the breakdown of skeletal muscle). The 
muscle breakdown leads to myoglobinuria, which places  
the kidneys at risk for acute kidney injury. Carefully monitor 
the urine for color (e.g., tea colored), amount, pH, and  
myoglobin. Finally, obtain clotting studies to monitor the 
patient for signs of disseminated intravascular coagulation (see 
Chapter 31).

Patient and caregiver teaching focuses on how to avoid 
future problems. Provide essential information regarding proper 
hydration during hot weather and physical exercise. Instruct 
patients on the early signs of and interventions for heat-related 
stress.

COLD-RELATED EMERGENCIES

Cold injuries may be localized (frostbite) or systemic (hypo-
thermia). Contributing factors include age, duration of expo-
sure, environmental temperature, homelessness, preexisting 
conditions (e.g., diabetes mellitus, peripheral vascular disease), 
medications that suppress shivering (e.g., opioids, psychotropic 
agents, antiemetics), and alcohol intoxication. Alcohol causes 
peripheral vasodilation, increases sensation of warmth, and 
depresses shivering. Smokers have an increased risk of cold-
related injury because of the vasoconstrictive effects of 
nicotine.

Frostbite
Frostbite is true tissue freezing that results in the formation of 
ice crystals in the tissues and cells. Peripheral vasoconstriction 
is the initial response to cold stress and results in a decrease in 
blood flow and vascular stasis. As cellular temperature decreases 
and ice crystals form in intracellular spaces, the organelles are 
damaged and the cell membrane destroyed. This results in 
edema. Depth of frostbite depends on ambient temperature, 
length of exposure, type and condition (wet or dry) of clothing, 
and contact with metal surfaces. Other factors that affect sever-
ity include skin color (dark-skinned people are more prone to 
frostbite), lack of acclimatization, previous episodes, exhaus-
tion, and poor peripheral vascular status.

Superficial frostbite involves skin and subcutaneous tissue, 
usually the ears, nose, fingers, and toes. The skin appearance 
ranges from waxy pale yellow to blue to mottled, and the skin 
feels crunchy and frozen. The patient may complain of tingling, 
numbness, or a burning sensation. Handle the area carefully 
and never squeeze, massage, or scrub the injured tissue because 
it is easily damaged. Remove clothing and jewelry because they 
may constrict the extremity and decrease circulation. Immerse 
the affected area in a water bath (98.6° to 104° F) [37° to 40° C]).20 
Use warm soaks for the face. The patient often experiences a 
warm, stinging sensation as tissue thaws. Blisters form within  
a few hours (Fig. 69-2). The blisters should be debrided and a 
sterile dressing applied. Avoid heavy blankets and clothing 
because friction and weight can lead to sloughing of damaged 
tissue. Rewarming is extremely painful. Residual pain may last 
weeks or even years. Administer analgesia and tetanus prophy-
laxis as appropriate (see Table 69-6). Evaluate the patient with 
superficial frostbite for systemic hypothermia.

Deep frostbite involves muscle, bone, and tendon. The skin is 
white, hard, and insensitive to touch. The area has the appear-
ance of deep thermal injury with mottling gradually progressing 
to gangrene (Fig. 69-3). The affected extremity is immersed in 

FIG. 69-2	 Edema	and	blister	formation	24	hours	after	frostbite	injury	occur-
ring	in	an	area	covered	by	a	tightly	fitted	boot.	

FIG. 69-3	 Gangrenous	necrosis	6	weeks	after	the	frostbite	injury	shown	in	
Fig.	69-2.	

a circulating water bath (98.6° to 104° F) [37° to 40° C]) until 
flushing occurs distal to the injured area.20 After rewarming, the 
extremity should be elevated to reduce edema. Significant 
edema may begin within 3 hours, with blistering in 6 hours to 
days. IV analgesia is required in severe frostbite because of the 
pain associated with tissue thawing. Provide tetanus prophy-
laxis and evaluate the patient for systemic hypothermia. Ampu-
tation may be required if the injured area is untreated or 
treatment is unsuccessful. The patient may be admitted to the 
hospital for observation with bed rest, elevation of the injured 
part, and prophylactic antibiotics if the wound is at risk for 
infection.

Hypothermia
Hypothermia, defined as a core temperature below 95° F 
(35° C), occurs when heat produced by the body cannot com-
pensate for heat lost to the environment.20 Most body heat is 
lost as radiant energy, with the greatest loss from the head, 
thorax, and lungs (with each breath). Wet clothing increases 
evaporative heat loss to five times greater than normal; immer-
sion in cold water (e.g., near drowning) increases evaporative 
heat loss to 25 times greater than normal. Environmental expo-
sure to freezing temperatures, cold winds, and wet terrain plus 
physical exhaustion, inadequate clothing, and inexperience pre-
disposes individuals to hypothermia. Older adults are more 
prone to hypothermia because of decreased body fat, dimin-
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Severe hypothermia (at or below 86° F [30° C]) makes the 
person appear dead and is a potentially life-threatening situa-
tion. Metabolic rate, heart rate, and respirations are so slow that 
they may be difficult to detect. Reflexes are absent, and the 
pupils fixed and dilated. Profound bradycardia, ventricular 
fibrillation, or asystole may be present. Every effort is made to 
warm the patient to at least 86° F (30° C) before the person is 
pronounced dead.20 The cause of death is usually refractory 
ventricular fibrillation.

Collaborative Care. Treatment of hypothermia focuses on 
managing and maintaining ABCs, rewarming the patient, cor-
recting dehydration and acidosis, and treating cardiac dysrhyth-
mias (see Table 69-9). Use passive or active external rewarming 
for mild hypothermia. Passive or spontaneous rewarming 
involves moving the patient to a warm, dry place; removing 
damp clothing; using radiant lights; and placing warm blankets 
on the patient. Active external or surface rewarming involves 
fluid- or air-filled warming blankets, or warm (98.6° to 104° F 
[37° to 40° C]) water immersion.20 Closely monitor the patient 
for marked vasodilation and hypotension during rewarming.

Use active internal or core rewarming for moderate to severe 
hypothermia. This refers to the application of heat directly to 
the core. Techniques include (1) heated (up to 111.2° F [44° C]), 
humidified O2; (2) warmed IV fluids (up to 98.6° F [37° C]); 
(3) peritoneal lavage with warmed fluids (up to 113° F [45° C]); 
and (4) extracorporeal circulation with cardiopulmonary 
bypass, rapid fluid infuser, or hemodialysis.20

Gentle handling is essential to prevent stimulation of the 
cold myocardium. Carefully monitor core temperature during 

ished energy reserves, decreased basal metabolic rate, decreased 
shivering response, decreased sensory perception, chronic 
medical conditions, and medications that alter body defenses.

Hypothermia mimics cerebral or metabolic disturbances 
causing ataxia, confusion, and withdrawal, so the patient may 
be misdiagnosed. Peripheral vasoconstriction is the body’s first 
attempt to conserve heat. As cold temperatures persist, shiver-
ing and movement are the body’s only mechanisms for produc-
ing heat.

Assessment findings in hypothermia are variable and depend 
on core temperature (Table 69-9). Patients with mild hypother-
mia (93.2° to 96.8° F [34° to 36° C]) have shivering, lethargy, 
confusion, rational to irrational behavior, and minor heart rate 
changes. Moderate hypothermia (86° to 93.2° F [30° to 34° C]) 
causes rigidity, bradycardia, slowed respiratory rate, BP obtain-
able only by Doppler, metabolic and respiratory acidosis, and 
hypovolemia. Shivering diminishes or disappears at core tem-
peratures of 86° F (30° C).19

As core temperature drops, basal metabolic rate decreases 
two or three times. The cold myocardium is extremely irritable, 
making it vulnerable to dysrhythmias (e.g., atrial and ventricu-
lar fibrillation). Decreased renal blood flow decreases glomeru-
lar filtration rate, which impairs water reabsorption and leads 
to dehydration. The hematocrit increases as intravascular 
volume decreases. Cold blood becomes thick and acts as a 
thrombus, placing the patient at risk for stroke, myocardial 
infarction, pulmonary emboli, and renal failure. Decreased 
blood flow leads to hypoxia, anaerobic metabolism, lactic acid 
accumulation, and metabolic acidosis.

 TABLE 69-9 EMERGENCY MANAGEMENT 
Hypothermia

Etiology Assessment Findings Interventions

Environmental
•	 Inadequate	clothing	for	

environmental	temperature
•	 Prolonged	exposure	to	cold
•	 Prolonged	immersion	or	

near-drowning

Metabolic
•	 Hypoglycemia
•	 Hypothyroidism

Health Care Associated
•	 Administration	of	

neuromuscular	blocking	agents
•	 Blood	administration
•	 Cold	IV	fluids
•	 Inadequate	warming	or	

rewarming	in	the	ED	or	
operating	room

Other
•	 Alcohol
•	 Barbiturates
•	 Phenothiazines
•	 Shock
•	 Trauma

•	 Core	body	temperature:
•	 Mild hypothermia:	93.2°–96.8°	F	

(34°–36°	C)
•	 Moderate hypothermia:	86°–93.2°	F	

(30°–34°	C)
•	 Severe hypothermia:	≤86°	F	(≤30°	C)

•	 Shivering,	diminished	or	absent	at	
core	body	temperatures	≤86°	F	(30°	C)

•	 Hypoventilation
•	 Hypotension
•	 Altered	mental	status	(ranging	from	

confusion	to	coma)
•	 Areflexia	(absence	of	reflexes)
•	 Pale,	cyanotic	skin
•	 Blue,	white,	or	frozen	extremities
•	 Dysrhythmias:	bradycardia,	atrial	

fibrillation,	ventricular	fibrillation,	
asystole

•	 Fixed,	dilated	pupils

Initial
•	 Remove	patient	from	cold	environment.
•	 Manage	and	maintain	ABCs.
•	 Provide	high-flow	O2	via	non-rebreather	mask	or	BVM.
•	 Anticipate	intubation	for	diminished	or	absent	gag	reflex.*	
•	 Establish	IV	access	with	two	large-bore	catheters	for	fluid	

resuscitation
•	 Rewarm	patient:

•	 Passive:	Remove	wet	clothing,	apply	dry	clothing	and	warm	
blankets,	use	radiant	lights.

•	 Active external:	Apply	heating	devices	(e.g.,	air	or	fluid-filled	
warming	blankets),	use	warm	water	immersion.

•	 Active internal:	Provide	warmed	IV	fluids;	heated,	humidified	O2.	
Peritoneal	lavage	with	warmed	fluids.	Extracorporeal	circulation	
(e.g.,	cardiopulmonary	bypass,	rapid	fluid	infuser,	hemodialysis).

•	 Obtain	12-lead	ECG.
•	 Anticipate	need	for	defibrillation.*
•	 Warm	central	trunk	first	in	patients	with	severe	hypothermia	to	

limit	rewarming	shock.
•	 Assess	for	other	injuries.
•	 Keep	patient’s	head	covered	with	warm,	dry	towels	or	stocking	

cap	to	limit	loss	of	heat.
•	 Treat	patient	gently	to	avoid	increased	cardiac	irritability.

Ongoing Monitoring
•	 Monitor	ABCs,	temperature,	level	of	consciousness,	vital	signs.
•	 Monitor	O2	saturation,	heart	rate	and	rhythm.
•	 Monitor	electrolytes,	glucose.

*NOTE:	Medications	and	defibrillation	may	not	be	effective	with	core	temperatures	<86°	F	(30°	C).
ABCs,	Airway,	breathing,	circulation;	BVM,	bag-valve-mask.
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rewarming procedures. Rewarming places the patient at risk  
for afterdrop, a further drop in core temperature. This occurs 
when cold peripheral blood returns to the central circulation. 
Rewarming shock can produce hypotension and dysrhythmias. 
Thus patients with moderate to severe hypothermia should have 
the core warmed before the extremities. Discontinue active 
rewarming once the core temperature reaches 89.6° to 93.2° F 
(32° to 34° C).19

Patient teaching focuses on how to avoid future cold-related 
problems. Essential information includes dressing in layers for 
cold weather, covering the head, carrying high-carbohydrate 
foods for extra calories, and developing a plan for survival 
should an injury occur.

SUBMERSION INJURIES

Submersion injury results when an individual becomes hy-
poxic as the result of submersion in a substance, usually water. 
More than 50,000 submersion events and approximately 4000 
deaths from drowning occur each year in the United States. 
Most of the victims are children younger than 5 years of age or 
boys and men between ages 15 and 25. The primary risk factors 
for submersion injury include inability to swim, use of alcohol 
or drugs, trauma, seizures, hypothermia, stroke, and child 
neglect.

Drowning is death from suffocation after submersion in 
water or other fluid. Near-drowning is survival from a potential 
drowning. Immersion syndrome occurs with immersion in cold 
water. This leads to stimulation of the vagus nerve and poten-
tially fatal dysrhythmias (e.g., bradycardia, cardiac arrest).

Some near-drowning victims do not aspirate water (i.e., dry 
drowning) but do develop potentially life-threatening broncho-
spasm and airway obstruction. Near-drowning victims who do 
aspirate water develop pulmonary edema. Regardless of what 
type of fluid is aspirated, the end result is acute respiratory 
distress syndrome20 (see Chapter 68). The osmotic gradient 
caused by aspirated fluid leads to fluid imbalances in the body. 
Hypotonic freshwater is rapidly absorbed into the circulatory 
system through the alveoli. Freshwater is often contaminated 
with chlorine, mud, or algae. This causes the breakdown of  
lung surfactant, fluid seepage, and pulmonary edema. Hyper-
tonic saltwater draws fluid from the vascular space into  
the alveoli, impairing alveolar ventilation and resulting in 
hypoxia. Fig. 69-4 shows the pulmonary effects of saltwater  
and freshwater aspiration. The body attempts to compensate  
for hypoxia by shunting blood to the lungs. This results in 
increased pulmonary pressures and deteriorating respiratory 
status. More and more blood is shunted through the alveoli. 
However, the blood is not adequately oxygenated, and hypox-
emia worsens. This can result in cerebral injury, edema, and 
brain death.

Table 69-10 lists the assessment findings of a patient with a 
submersion injury. Aggressive resuscitation efforts (e.g., airway 
and ventilation management), especially in the prehospital 
phase, improve survival of near-drowning victims.20

Collaborative Care
Treatment of submersion injuries focuses on correcting hypoxia 
and fluid imbalances, supporting basic physiologic functions, 
and rewarming when hypothermia is present. Initial evaluation 
involves assessment of airway, cervical spine, breathing, and 
circulation. Table 69-10 lists other interventions.

FIG. 69-4	 Pathophysiology	of	submersion	injury.	
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Mechanical ventilation with positive end-expiratory pres-
sure or continuous positive airway pressure is used to improve 
gas exchange across the alveolar-capillary membrane when sig-
nificant pulmonary edema is present. Ventilation and oxygen-
ation are the primary techniques for treating respiratory failure 
(see Chapters 66 and 68). Mannitol (Osmitrol) or furosemide 
(Lasix) is used to treat cerebral edema or decrease free water.

Deterioration in neurologic status suggests cerebral edema, 
worsening hypoxia, or profound acidosis. Near-drowning vic-
tims may also have head and neck injuries that cause prolonged 
alterations in the level of consciousness. Complications can 
develop in patients who are essentially free of symptoms  
immediately after the near-drowning episode. This secondary 
drowning refers to delayed death from drowning due to pulmo-
nary complications. Consequently, observe all victims of near-
drowning in a hospital for a minimum of 23 hours.20 Additional 
observation is needed for patients who have co-morbidities 
(e.g., heart disease).

Patient teaching focuses on water safety and how to mini-
mize the risks for drowning. Remind patients and caregivers to 
lock all swimming pool gates; use life jackets on all watercrafts, 
including inner tubes and rafts; and learn water survival skills 
(e.g., swimming lessons). Emphasize the dangers of combining 
alcohol and drugs with swimming and other water sports.

STINGS AND BITES

Animals, spiders, snakes, and insects cause injury and even 
death by biting or stinging. Morbidity is a result of either direct 
tissue damage or lethal toxins. Direct tissue damage is a product 
of animal size, characteristics of the animal’s teeth, and strength 
of the jaw. Tissue is lacerated, crushed, or chewed, while teeth, 
fangs, stingers, spines, or tentacles release toxins that have local 
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 TABLE 69-10 EMERGENCY MANAGEMENT 
Submersion Injuries

Etiology Assessment Findings Interventions
•	 Inability	to	swim	or	

exhaustion	while	
swimming

•	 Entrapment	or	
entanglement	with	
objects	in	water

•	 Loss	of	ability	to	move	
secondary	to	trauma,	
stroke,	hypothermia,	
myocardial	infarction	
(MI)

•	 Poor	judgment	due	to	
alcohol	or	drugs

•	 Seizure	while	in	water

Pulmonary
•	 Ineffective	breathing
•	 Dyspnea
•	 Respiratory	distress
•	 Respiratory	arrest
•	 Crackles,	rhonchi
•	 Cough	with	pink-frothy	sputum
•	 Cyanosis

Cardiac
•	 Tachycardia
•	 Bradycardia
•	 Dysrhythmia
•	 Hypotension
•	 Cardiac	arrest

Other
•	 Panic
•	 Exhaustion
•	 Coma
•	 Coexisting	illness	(e.g.,	MI)	or	injury	(e.g.,	cervical	spine	injury)
•	 Core	temperature	slightly	elevated	or	below	normal	depending	

on	water	temperature	and	length	of	submersion

Initial
•	 Manage	and	maintain	ABCs.
•	 Assume	cervical	spine	injury	in	all	near-drowning	

victims	and	stabilize	or	immobilize	cervical	spine.
•	 Provide	100%	O2	via	non-rebreather	mask	or	BVM.
•	 Anticipate	need	for	intubation	and	mechanical	

ventilation	if	airway	is	compromised	(e.g.,	absent	
gag	reflex).

•	 Establish	IV	access	with	two	large-bore	catheters	for	
fluid	resuscitation	and	infuse	warmed	fluids	if	
appropriate.

•	 Obtain	12-lead	ECG.
•	 Assess	for	other	injuries.
•	 Remove	wet	clothing	and	cover	with	warm	blankets.
•	 Obtain	temperature	and	begin	rewarming	if	needed.
•	 Obtain	cervical	spine	and	chest	x-rays.
•	 Insert	gastric	tube	and	urinary	catheter.

Ongoing Monitoring
•	 Monitor	ABCs,	vital	signs,	level	of	consciousness.
•	 Monitor	O2	saturation,	heart	rate	and	rhythm.
•	 Monitor	temperature	and	maintain	normothermia.
•	 Monitor	for	signs	of	acute	respiratory	failure.
•	 Monitor	for	signs	of	secondary	drowning.

ABCs,	Airway,	breathing,	circulation;	BVM,	bag-valve-mask.

dryl]), subcutaneous epinephrine, and corticosteroids (e.g., 
dexamethasone [Decadron]). Chapter 14 discusses allergic 
reactions and related patient teaching.

Tick Bites
Ticks live throughout the United States, but are most common 
in the northwestern, Rocky Mountain, and northeastern regions. 
Emergencies associated with tick bites include Lyme disease, 
Rocky Mountain spotted fever, and tick paralysis. The infected 
tick or the release of neurotoxin causes the disease. Ticks release 
neurotoxic venom as long as the tick head attaches to the body. 
Therefore safe removal of the tick is essential for effective treat-
ment. Use forceps or tweezers to grasp the tick close to the point 
of attachment and pull upward in a steady motion (Fig. 69-5). 
After you remove the tick, clean the skin with soap and water. 
Do not use a hot match, petroleum jelly, nail polish, or other 
products to remove the tick, since these measures may cause a 
tick to salivate, thus increasing the risk for infection.21

Lyme disease is the most common tick-borne disease in the 
United States. Symptoms appear within days of a bite from the 
Ixodid (hard) tick and result from exposure to the spirochete 
Borrelia burgdorferi that lives on the tick. The initial stage of this 

or systemic effects. Death associated with animal bites is due to 
blood loss, allergic reactions, or lethal toxins. Injuries caused by 
select insects, ticks, animals (e.g., dogs, cats), and humans are 
described here.

Hymenopteran Stings
The Hymenoptera family includes bees, yellow jackets, hornets, 
wasps, and fire ants. Stings can cause mild discomfort or life-
threatening anaphylaxis (see Chapter 67). Venom may be cyto-
toxic, hemolytic, allergenic, or vasoactive. Symptoms may begin 
immediately or be delayed up to 48 hours. Reactions are more 
severe with multiple stings.20 Most hymenopterans sting repeat-
edly. However, the domestic honey bee stings only once, usually 
leaving a barbed stinger with an attached venom sac in the skin 
so that release of venom continues. African honey bees (killer 
bees), which look like domestic bees, have migrated into North 
America. If threatened, these bees aggressively swarm and can 
repeatedly sting their victims (e.g., humans, animals). These 
attacks can be fatal.

SAFETY ALERT: Hymenopteran Stings
•	 Remove	the	stinger	using	a	scraping	motion	with	a	fingernail,	knife,	

or	needle.
•	 Avoid	 using	 tweezers	 because	 they	 may	 squeeze	 the	 stinger	 and	

release	more	venom.
•	 Remove	 rings,	watches,	or	any	 restrictive	clothing	around	 the	sting	

site.

Symptoms vary from stinging, burning, swelling, and itching 
to edema, headache, fever, syncope, malaise, nausea, vomiting, 
wheezing, bronchospasm, laryngeal edema, and hypotension. 
Treatment depends on the severity of the reaction. Treat mild 
reactions with elevation, cool compresses, antipruritic lotions, 
and oral antihistamines. More severe reactions require intra-
muscular or IV antihistamines (e.g., diphenhydramine [Bena-

FIG. 69-5	 Tick	removal.	A,	Use	tweezers	to	grasp	the	tick	close	to	the	skin.	
B,	With	a	steady	motion,	pull	the	tick’s	body	up	and	away	from	the	skin.	Do	
not	be	alarmed	if	the	tick’s	mouthparts	remain	in	the	skin.	Once	the	mouth-
parts	are	removed	from	the	rest	of	the	tick,	it	can	no	longer	transmit	disease.	

A B
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amputation. Infection rates are as high as 50% when victims do 
not seek medical care within 24 hours of injury.

Collaborative Care. Initial treatment for animal and human 
bites includes cleaning with copious irrigation, debridement, 
tetanus prophylaxis, and analgesics as needed. Prophylactic 
antibiotics are used for animal and human bites at risk for infec-
tion, such as wounds over joints, those greater than 6 to 12 
hours old, puncture wounds, and bites of the hand or foot. 
Individuals at greatest risk of infection are infants, older adults, 
immunosuppressed patients, alcoholics, diabetics, and people 
taking corticosteroids.

Leave puncture wounds open. Splint wounds over joints. 
Lacerations are loosely sutured. However, initial closure is used 
for facial wounds. The patient is admitted for IV antibiotic 
therapy when an infection is present. These patients have an 
increased incidence of cellulitis, osteomyelitis, and septic arthri-
tis. Report animal and human bites to the police as required.

Consideration of rabies postexposure prophylaxis is an 
essential component in management of animal bites. A neuro-
toxic virus found in the saliva of some mammals causes rabies. 
If untreated, the condition is fatal in humans. Consider rabies 
exposure if an animal attack was not provoked, involves a wild 
animal, or involves a domestic animal not immunized against 
rabies. Always provide rabies postexposure prophylaxis when 
the animal is not found or a carnivorous wild animal causes the 
bite. Start the regimen with an initial, weight-based dosage of 
rabies immune globulin (RIG [HyperRab S/D]) to provide 
passive immunity. Follow this with a series of five injections of 
human diploid cell vaccine (HDCV [Imovax Rabies]) on days 
0, 3, 7, 14, and 28 to provide active immunity.22 (Rabies is dis-
cussed in Chapter 57.)

DRUG ALERT: Rabies Postexposure Prophylaxis
•	 Administer	 the	 calculated	 dose	 of	 RIG	 via	 infiltration	 around	 the	

wound	edges.
•	 Administer	 any	 remaining	 volume	 of	 RIG	 intramuscularly	 at	 a	 site	

distant	 from	 the	 vaccine	 site	 (e.g.,	 gluteal	 site	 for	 bite	 wounds	 on		
the	arm).

•	 Administer	the	HDCV	intramuscularly	in	the	deltoid.

POISONINGS

A poison is any chemical that harms the body. More than 5 
million cases of human poisonings occur each year in the 
United States.23 Poisonings can be accidental, occupational, rec-
reational, or intentional. Natural or manufactured toxins can be 
ingested, inhaled, injected, splashed in the eye, or absorbed 
through the skin. Table 69-11 presents common poisons. 

disease is characterized by flu-like symptoms (e.g., headache, 
stiff neck, fatigue) and, in some patients, a characteristic bull’s 
eye rash (i.e., an expanding circular area of redness 5 cm or 
more in diameter). Treatment at this stage includes doxycycline 
(Vibramycin). The rash will disappear even if the patient is not 
treated.

Monoarticular arthritis, meningitis, and neuropathies occur 
days or weeks after the initial symptoms. Recommended treat-
ment includes ceftriaxone (Rocephin).20 Chronic arthritis, 
peripheral radiculoneuropathy, and heart disease characterize 
the later stage of the disease. These illnesses can last several 
months to years after the initial skin lesion. (Chapter 65 dis-
cusses Lyme disease.)

Rocky Mountain spotted fever is caused by Rickettsia rickett-
sii, a bacterium that is spread to humans by the Ixodid tick. It 
has an incubation period of 2 to 14 days. A pink, macular rash 
appears on the palms, wrists, soles, feet, and ankles within 10 
days of exposure. Other symptoms include fever, chills, malaise, 
myalgias, and headache. Diagnosis is often difficult in the early 
stages, and without treatment the disease can be fatal.20 Antibi-
otic therapy with doxycycline is the treatment of choice.

Tick paralysis occurs 5 to 7 days after exposure to a neuro-
toxin introduced by a wood tick or dog tick. Classic symptoms 
are flaccid ascending paralysis, which develops over 1 to 2 days. 
Without tick removal, the patient dies as respiratory muscles 
become paralyzed. Tick removal leads to return of muscle 
movement, usually within 48 to 72 hours.20

Animal and Human Bites
Every year more than 5 million animal bites are reported in the 
United States. Children are at greatest risk. The most significant 
problems associated with animal bites are infection and 
mechanical destruction of skin, muscle, tendons, blood vessels, 
and bone. The bite may cause a simple laceration or be associ-
ated with crush injury, puncture wound, or tearing of multiple 
layers of tissue. The severity of injury depends on animal size, 
victim size, and anatomic location of the bite. Animal bites from 
dogs and cats are most common, with wild or domestic rodents 
(e.g., squirrels, hamsters) following as the third most frequently 
reported offenders.

Dog bites usually occur on the extremities. However, facial 
bites are common in small children. Most victims own the dogs 
that bite them. Dog bites may involve significant tissue damage 
with deaths reported, usually in children. A plastic surgeon 
should evaluate all disfiguring wounds of the face.

Cat bites cause deep puncture wounds that can involve 
tendons and joint capsules and result in a greater incidence of 
infection than with dog bites. Septic arthritis, osteomyelitis, and 
tenosynovitis can occur as a result of cat bites. The most common 
causative organisms of infections from dog and cat bites are 
from the Pasteurella species (e.g., P. multocida). Most healthy 
cats and dogs carry this organism in their mouths.

Human bites also cause puncture wounds or lacerations  
(Fig. 69-6). These carry a high risk of infection from oral  
bacterial flora, most commonly Staphylococcus aureus, Strepto-
coccus organisms, and hepatitis virus. Hands, fingers, ears, nose, 
vagina, and penis are the most common sites of human bites 
and are frequently a result of violence or sexual activity. Patients 
with Boxer’s fracture (fracture of the fourth or fifth metacarpal) 
often have concurrent open wounds on the knuckles from strik-
ing teeth. The human jaw has great crushing ability, causing 
laceration, puncture, crush injury, soft tissue tearing, and even 

FIG. 69-6	 Probable	 human	 bite	 injury,	 though	 denied	 by	 patient.	 Human	
bites	cause	extensor	tendon	injuries,	fractures,	and	joint	capsule	injuries	and	
can	harbor	foreign	bodies.	
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TABLE 69-11 COMMON POISONS

Poison Manifestations Treatment
Acetaminophen	(Tylenol) Phase 1	(within	24	hr	of	ingestion):	Malaise,	

diaphoresis,	nausea	and	vomiting
Phase 2	(24-28	hr	after	ingestion):	Right	upper	quadrant	

pain,	decreased	urine	output,	diminished	nausea,	
increase	in	LFTs

Phase 3	(72-96	hr	after	ingestion):	Nausea	and	vomiting,	
malaise,	jaundice,	hypoglycemia,	enlarged	liver,	
possible	coagulopathies,	including	DIC

Phase 4	(7-8	days	after	ingestion):	Recovery,	resolution	
of	symptoms,	LFTs	return	to	normal

Activated	charcoal,	N-acetylcysteine	(oral	form	
may	cause	vomiting,	IV	form	can	be	used)

Acids and alkalis
•	 Acids:	Toilet	bowl	cleaners,	antirust	

compounds
•	 Alkalis:	Drain	cleaners,	dishwashing	

detergents,	ammonia

Excess	salivation,	dysphagia,	epigastric	pain,	
pneumonitis;	burns	of	mouth,	esophagus,	and	
stomach

Immediate	dilution	(water,	milk),	corticosteroids	
(for	alkali	burns),	induced	vomiting	is	
contraindicated

•	 Aspirin	and	aspirin-containing	
medications

Tachypnea,	tachycardia,	hyperthermia,	seizures,	
pulmonary	edema,	occult	bleeding	or	hemorrhage,	
metabolic	acidosis

Activated	charcoal,	gastric	lavage,	urine	
alkalinization,	hemodialysis	for	severe	acute	
ingestion,	intubation	and	mechanical	
ventilation,	supportive	care

Bleaches Irritation	of	lips,	mouth,	and	eyes,	superficial	injury	to	
esophagus;	chemical	pneumonia	and	pulmonary	
edema

Washing	of	exposed	skin	and	eyes,	dilution	
with	water	and	milk,	gastric	lavage,	
prevention	of	vomiting	and	aspiration

Carbon monoxide Dyspnea,	headache,	tachypnea,	confusion,	impaired	
judgment,	cyanosis,	respiratory	depression

Removal	from	source,	administration	of	100%	
O2	via	non-rebreather	mask,	BVM,	or	
intubation	and	mechanical	ventilation;	
consider	hyperbaric	O2	therapy

Cyanide Almond	odor	to	breath,	headache,	dizziness,	nausea,	
confusion,	hypertension,	bradycardia	followed	by	
hypotension	and	tachycardia,	tachypnea	followed	by	
bradypnea	and	respiratory	arrest

Amyl	nitrate	(nasally),	IV	sodium	nitrate,	IV	
sodium	thiosulfate,	supportive	care

Ethylene glycol Sweet	aromatic	odor	to	breath,	nausea	and	vomiting,	
slurred	speech,	ataxia,	lethargy,	respiratory	depression

Activated	charcoal,	gastric	lavage,	supportive	
care

Iron Vomiting	(often	bloody),	diarrhea	(often	bloody),	fever,	
hyperglycemia,	lethargy,	hypotension,	seizures,	coma

Gastric	lavage,	chelation	therapy	(deferoxamine	
[Desferal])

Nonsteroidal antiinflammatory drugs Gastroenteritis,	abdominal	pain,	drowsiness,	
nystagmus,	hepatic	and	renal	damage

Activated	charcoal,	gastric	lavage,	supportive	
care

Tricyclic antidepressants	(e.g.,	
amitriptyline	[Elavil])

In low doses:	Anticholinergic	effects,	agitation,	
hypertension,	tachycardia

In high doses:	Central	nervous	system	depression,	
dysrhythmias,	hypotension,	respiratory	depression

Multidose	activated	charcoal,	gastric	lavage,	
serum	alkalinization	with	sodium	bicarbonate,	
intubation	and	mechanical	ventilation,	
supportive	care;	never	induce	vomiting

Alcohol, barbiturates, benzodiazepines, 
cocaine, hallucinogens, stimulants

See	Chapter	11 See	Chapter	11

BVM,	Bag-valve-mask;	DIC,	disseminated	intravascular	coagulation;	LFTs,	liver	function	tests.

Chapter 11 discusses other poisonings related to the use of 
illegal drugs such as amphetamines, opioids, and hallucinogens. 
Poisoning may also be due to toxic plants or contaminated 
foods. (Chapter 42 discusses food poisoning.)

Severity of the poisoning depends on type, concentration, 
and route of exposure. Toxins can affect every tissue of the body, 
so symptoms can be seen in any body system. Specific manage-
ment of toxins involves decreasing absorption, enhancing elimi-
nation, and implementing toxin-specific interventions. Consult 
the local poison control center 24 hours a day for the most 
current treatment protocols for specific poisons.24

Options for decreasing absorption of poisons include acti-
vated charcoal, dermal cleansing, eye irrigation, and, less fre-
quently, gastric lavage. Gastric lavage involves oral insertion of 
a large-diameter (36F to 42F) gastric tube for irrigation of 
copious amounts of saline. Elevate the head of the bed or place 
the patient on the side to prevent aspiration. Patients with an 
altered level of consciousness or diminished gag reflex are intu-
bated before lavage. Patients who ingest caustic agents, co-ingest 

sharp objects, or ingest nontoxic substances should not receive 
lavage. Perform gastric lavage within 1 hour of ingestion of most 
poisons to be effective.23 Problems associated with lavage 
include esophageal perforation and aspiration.

The most common and effective intervention for manage-
ment of poisonings is administration of activated charcoal 
orally or via a gastric tube within 1 hour of poison ingestion.23 
Many toxins adhere to charcoal and pass through the gastroin-
testinal (GI) tract rather than being absorbed into the circula-
tion. Activated charcoal does not absorb ethanol, hydrocarbons, 
alkali, iron, boric acid, lithium, methanol, or cyanide. Adults 
receive 50 to 100 g of charcoal. For some toxins (e.g., pheno-
barbital, digoxin) multiple-dose charcoal may be required.25 
Contraindications to charcoal administration include dimin-
ished bowel sounds, ileus, and ingestion of a substance poorly 
absorbed by charcoal. Charcoal can absorb and neutralize anti-
dotes (e.g., N-acetylcysteine [Mucomyst] for acetaminophen 
toxicity). Do not give these immediately before, with, or shortly 
after charcoal.25
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Family and intimate partner violence (IPV) is a pattern of 
coercive behavior in a relationship that involves fear; humilia-
tion; intimidation; neglect; or intentional physical, emotional, 
financial, or sexual injury (see Chapter 54 for information on 
sexual assault). The ENA encourages ED nurses to become cer-
tified sexual assault nurse examiners (SANEs). The SANE nurse 
provides expert emergency care, collects and documents evi-
dence, participates in staff and community education, and 
advocates for sexual assault and rape victims.29

IPV is found in all professions, cultures, socioeconomic 
groups, age-groups, and genders. Although men can be victims 
of family violence and IPV, most victims are women, children, 
and older adults. Each year, more than 5 million women and 3 
million men are treated in EDs for battery (assault) by spouses, 
caregivers, or individuals known to them. As many as 20% of 
battered women are pregnant at the time of the assault.29

In the ED, you need to screen for family violence and IPV 
(e.g., Do you feel safe at home? Is anyone hurting you?). Routine 
screening for this risk factor is required.29 Barriers to conduct-
ing effective screening include limited privacy in the ED, lack 
of time, and lack of knowledge about how to ask about family 
violence and IPV. The development and implementation of poli-
cies, procedures, and staff education programs do improve 
screening practices.28

Initiate appropriate interventions for patients who you 
suspect or find are victims of abuse. These include making refer-
rals, providing emotional support, and informing victims about 
their options (e.g., safe house, legal rights).30 See Resources at 
the end of this chapter for additional information on family 
violence and IPV.

AGENTS OF TERRORISM

The threat of terrorism is an ongoing concern. Terrorism 
involves overt actions such as the dispensing of nuclear, bio-
logic, or chemical (NBC) agents as weapons for the express 
purpose of causing harm. Prompt recognition and identifica-
tion of potential health hazards are essential in the preparedness 
of health care professionals.

Biologic agents most commonly used in terrorist attacks 
include anthrax, smallpox, botulism, plague, tularemia, and 
hemorrhagic fever. eTable 69-2 (available on the website for this 
chapter) summarizes general information regarding select bio-
logic agents of terrorism. Anthrax, plague, and tularemia are 
treated effectively with antibiotics if sufficient supplies are avail-
able and the organisms are not resistant. Smallpox can be pre-
vented or the incidence reduced by vaccination, even when first 
given after exposure. Botulism is treated with antitoxin though 
several vaccines are being studied. There is no established treat-
ment for most viruses that cause hemorrhagic fever.31

Chemicals are also used as agents of terrorism and are cat-
egorized according to their target organ or effect.32 (See eTable 
69-3 on the website for this chapter.) For example, sarin is a 
highly toxic nerve gas that can cause death within minutes of 
exposure. It enters the body through the eyes and skin and acts 
by paralyzing the respiratory muscles. Antidotes for nerve agent 
poisoning include atropine (AtroPen) and pralidoxime chloride 
(2-PAM chloride). Multiple doses may be needed to reverse the 
effects of the nerve agents.

Phosgene is a colorless gas normally used in chemical manu-
facturing. If inhaled at high concentrations for a long enough 
period, it causes severe respiratory distress, pulmonary edema, 

Skin and ocular decontamination involves removal of toxins 
from skin and eyes using copious amounts of water or saline.26 
Most toxins, with the exception of mustard gas, can be safely 
removed with water or saline. Water mixes with mustard gas 
and releases chlorine gas. As a rule, brush dry substances from 
the skin and clothing before using water. Do not remove pow-
dered lime with water. It should just be brushed off. Wear per-
sonal protective equipment (e.g., gloves, gowns, goggles, 
respirators) for decontamination to prevent secondary expo-
sure. Decontamination procedures are usually done by those 
specially trained in hazardous material decontamination before 
the patient arrives at the hospital and again at the hospital, if 
necessary. Decontamination takes priority over all interven-
tions except those needed for basic life support.

The administration of cathartics, whole-bowel irrigation, 
hemodialysis, urine alkalinization, chelating agents, and anti-
dotes increases the elimination of poisons. Cathartics, such as 
sorbitol, are given together with the first dose of activated char-
coal to stimulate intestinal motility and increase elimination.23 
Avoid multiple doses of cathartics because of potentially fatal 
electrolyte abnormalities. Whole-bowel irrigation is controver-
sial and involves administration of a nonabsorbable bowel 
evacuant solution (e.g., GoLYTELY). Administer the solution 
every 4 to 6 hours until stools are clear. This process can be 
effective for swallowed objects, such as cocaine-filled balloons 
or condoms, and heavy metals such as lead and mercury.25 
There is a high risk of electrolyte imbalance caused by fluid and 
electrolyte losses with this approach.

Hemodialysis is reserved for patients who develop severe 
acidosis from ingestion of toxic substances (e.g., aspirin). Other 
interventions include alkalinization and chelation therapy. 
Sodium bicarbonate administration raises the pH (greater than 
7.5), which is particularly effective for phenobarbital and salicy-
late poisoning. Vitamin C is added to IV fluids to enhance 
excretion of amphetamines and quinidine. Chelation therapy is 
considered for heavy metal poisoning (e.g., edetate calcium 
disodium [calcium EDTA] for lead poisoning). A limited 
number of true antidotes are available, and many of these agents 
are themselves toxic.25

Focus patient teaching for toxic emergencies on how the 
poisoning occurred. Arrange for an evaluation and follow-up 
by a mental health professional for all patients who experience 
poisoning because of a suicide attempt or substance abuse. The 
Occupational Safety and Health Administration should evalu-
ate all poisoning related to an occupational hazard.27

VIOLENCE

Violence is the acting out of the emotions of fear and/or anger 
to cause harm to someone or something. It may be the result 
of organic disease (e.g., temporal lobe epilepsy), psychosis 
(e.g., schizophrenia), or antisocial behavior (e.g., assault, 
murder). The patient cared for in the ED may be the victim or 
the perpetrator of violence. Violence can take place in a variety 
of settings, including the home, community, and workplace. 
EDs have been identified as high-risk areas for workplace vio-
lence.28 Measures to protect staff include the use of on-site 
security personnel and police officers, metal detectors, surveil-
lance cameras, and locked access doors. The ENA supports 
comprehensive workplace violence prevention plans and rec-
ommends that they be implemented and evaluated in every 
ED.28
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and death. Mustard gas is yellow to brown and has a garlic-like 
odor. The gas irritates the eyes and causes skin burns and blis-
ters. Protocols to treat victims of chemical exposure vary and 
relate to the specific agent.32

Radiologic or nuclear agents represent another category of 
agents of terrorism. Radiologic dispersal devices (RDDs), also 
known as “dirty bombs,” consist of a mix of explosives and 
radioactive material (e.g., pellets). When the device is deto-
nated, the blast scatters radioactive dust, smoke, and other 
material into the surrounding environment, resulting in radio-
active contamination.33

The main danger from an RRD results from the explosion, 
which can cause serious injuries to the victims. The radioactive 
materials used in an RRD (e.g., uranium, iodine-131) do not 
usually generate enough radiation to cause immediate serious 
illness, except to those victims who are in close proximity to the 
explosion. However, the radioactive dust and smoke can spread 
and cause illness if inhaled. Since radiation cannot be seen, 
smelled, felt, or tasted, you should initiate measures to limit 
contamination (e.g., covering the patient’s nose and mouth) and 
provide for decontamination (e.g., shower).33,34

Ionizing radiation, such as that from a nuclear bomb or 
damage to a nuclear reactor, represents a serious threat to the 
safety of victims and the environment. Exposure to ionizing 
radiation may or may not include skin contamination with ra-
dioactive material. Initiate decontamination procedures imme-
diately if external radioactive contaminants are present. Acute 
radiation syndrome (ARS) develops after a substantial exposure 
to ionizing radiation and follows a predictable pattern.32,35 (For 
additional information on ARS, see www.bt.cdc.gov/radiation/
arsphysicianfactsheet.asp.)

Explosive devices (e.g., TNT, dynamite) that are used as 
agents of terrorism result in one or more of the following types 
of injuries: blast, crush, or penetrating. Blast injuries result from 
the supersonic overpressurization shock wave caused by the 
explosion. This shock wave primarily damages the lungs, GI 
tract, and middle ear. Crush injuries (i.e., blunt trauma) often 
result from explosions in confined spaces causing structural 
collapse (e.g., falling debris). Some explosive devices contain 
materials that are projected during the explosion (e.g., shrap-
nel), leading to penetrating injuries.

EMERGENCY AND MASS CASUALTY  
INCIDENT PREPAREDNESS

The term emergency usually refers to any extraordinary event 
(e.g., multi-vehicle crash) that requires a rapid and skilled 
response and that the community’s existing resources can 
manage. An emergency is differentiated from a mass casualty 
incident (MCI) in that an MCI is a man-made (e.g., involving 
NBC agents) or natural (e.g., hurricane) event or disaster that 
overwhelms a community’s ability to respond with existing 
resources. MCIs usually involve large numbers of victims, phys-
ical and emotional suffering, and permanent changes within a 
community. In addition, MCIs always require assistance from 
resources outside the affected community (e.g., American Red 
Cross, Federal Emergency Management Agency [FEMA])  
(Fig. 69-7).

When an emergency or an MCI occurs, first responders (e.g., 
police, emergency medical personnel) are sent to the scene. 
Triage of victims of an emergency or an MCI differs from the 
usual triage described earlier. Several systems exist, and many 

FIG. 69-7	 American	Red	Cross.	

ETHICAL/LEGAL DILEMMAS
Good Samaritan

Situation
You	are	a	registered	nurse,	employed	as	a	charge	nurse	at	a	subacute	
rehabilitation	facility.	It	is	midnight	and	you	are	driving	home	from	work	
when	you	see	a	motor	vehicle	collision	with	a	person	at	the	side	of	the	
road	waving	 and	 yelling	 for	 help.	You	 stop	 and	 call	 911	 to	 report	 the	
incident.	What	do	you	do	next?

Ethical/Legal Points for Consideration
•	 As	a	licensed	health	care	provider,	you	are	under	no	legal	obligation	

to	stop	and	render	aid.
•	 If	you	do	stop,	you	assume	an	obligation	not	to	leave	the	scene	until	

sufficiently	trained	first	responders	arrive	and	assume	control.
•	 Between	50	and	75	yr	ago,	many	states	moved	to	encourage	trained	

health	care	providers	to	stop	and	render	aid	by	passing	“Good	Samari-
tan”	statutes.	These	statutes,	which	vary	somewhat	 from	state	 to	
state,	 offer	 immunity	 from	 lawsuit	 for	 bystanders	 who	 offer	 aid	 in	
emergencies	except	in	the	case	of	gross	negligence.

•	 A	Good	Samaritan	must	not	be	in	the	place	of	employment	or	under	
employment	conditions.

•	 An	example	of	gross	negligence	might	be	refusing	to	assist	someone	
who	obviously	had	a	serious	hemorrhage	in	favor	of	a	person	with	a	
minor	injury	because	the	bleeding	person	looked	old	and	disheveled.

•	 Immunity	covers	only	the	scene	of	the	accident	and	not	subsequent	
care	under	the	supervision	of	health	care	providers.

•	 If	there	is	a	national	disaster,	an	act	of	terrorism,	or	a	major	emergent	
need	 for	 health	 care	 personnel,	 you	 may	 be	 required	 to	 go	 to	 an	
assigned	site	 to	offer	 aid.	You	would	not	 be	 covered	by	 the	Good	
Samaritan	Act	under	these	circumstances.

Discussion Questions
1.	What	factors	do	you	think	contribute	to	a	health	care	provider’s	deci-

sion	whether	to	stop	to	provide	aid?
2.	What	basic	 aid	would	you	 feel	 comfortable	providing	 if	 you	do	not	

have	an	emergency	or	trauma	background?
3.	Would	 your	 professional	 liability	 (malpractice)	 insurance	 cover	 you	

if	 someone	 claimed	 that	 you	 acted	 negligently	 while	 providing	
assistance?
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paredness. These include hospital disaster drills, computer 
simulations, and tabletop exercises. Drills allow health care  
providers to become familiar with the emergency response 
procedures.38

Response to MCIs often requires the aid of a federal agency. 
The National Incident Management System (NIMS) is a section 
within the U.S. Department of Homeland Security. NIMS is 
responsible for coordinating federal, state, and local govern-
ment efforts to respond to and manage domestic MCIs.39 
One important aspect of NIMS is the development of the  
Incident Command System (ICS). This standardized organiza-
tional structure provides for the management of all incidents. 
NIMS requires that all emergency services–related disciplines 
(e.g., hospitals, health care providers, emergency response ser-
vices) wishing to participate in the emergency management of 
disasters must be NIMS and ICS trained. You can take courses 
online and at no cost (http://training.fema.gov/is/nims.asp).

The National Disaster Medical System (NDMS) is a part of 
the U.S. Department of Health and Human Services, Office of 
Preparedness and Response. The NDMS expands the nation’s 
medical response capability by organizing and training volun-
teer disaster medical assistance teams (DMATs). Each DMAT 
consists of members with a variety of health or medical skills 
and those with specialized support skills (e.g., communications, 
logistics, security). DMATs are sent to disaster sites with enough 
supplies and equipment to remain self-sufficient for 72 hours 
while providing medical care. DMAT personnel are deployed 
for a period of 2 weeks.40

All disasters result in psychologic stress to the individuals 
involved immediately after the event. This stress can persist for 
an extended period and is influenced, in part, by the nature of 
the event, the individual’s age, preexisting coping mechanisms, 
role in the event, and medical and psychologic history. Many 
hospitals and DMATs have a critical incident stress management 
unit. This unit arranges group discussions to allow participants 
to share and validate their feelings and emotions about the 
experience. This is important for emotional recovery.

use colored tags to designate both the seriousness of the injury 
and the likelihood of survival. One system uses green for minor 
injuries (e.g., sprains) and yellow for urgent, but not life-
threatening injuries (e.g., open fractures). Red indicates a  
life-threatening injury requiring immediate intervention (e.g., 
shock). Blue indicates those who are expected to die (e.g., 
massive head trauma), and black identifies the dead.36

Triage of victims of an emergency or an MCI must be con-
ducted in less than 15 seconds. In general, two thirds of victims 
are tagged green or yellow, and the remaining are tagged red, 
blue, or black. Victims need to be treated and stabilized and, if 
there is known or suspected contamination, decontaminated at 
the scene. After this, they are transported to hospitals. Many 
other victims arrive at hospitals on their own (i.e., walking 
wounded). The total number of victims a hospital can expect is 
estimated by doubling the number of victims who arrive in the 
first hour. Generally, 30% of victims require admission to the 
hospital, and half of these need surgery within 8 hours.

In addition to the services provided by first responders, 
many communities have developed community emergency 
response teams (CERTs). CERTs are recognized by FEMA as 
important partners in emergency preparedness. The CERT 
training helps citizens understand their personal responsibility 
in preparing for a natural or man-made disaster. In addition, 
participants are taught what to expect after a disaster and how 
to safely help themselves, their family, and their neighbors. 
Training includes lifesaving skills with emphasis on decision 
making and rescuer safety. CERTs are an extension of the first 
responder services. They can offer immediate help to victims 
and organize untrained volunteers to assist until professional 
services arrive.37

All health care providers have a role in emergency and MCI 
preparedness. Knowledge of the hospital’s emergency response 
plan is essential. This includes individual roles and responsibili-
ties of the members of the response team plus participation in 
emergency/MCI preparedness drills on a regular basis. Several 
types of drills can assess a hospital’s level of emergency pre-

CASE STUDY
Trauma

Patient Profile
D.F.,	 a	 20-yr-old	 Hispanic	 female	 trauma	 patient,	 is	
brought	 to	 the	 ED	 in	 an	 ambulance.	 She	 was	 the	
driver	in	a	motor	vehicle	collision	and	was	not	wearing	
a	seat	belt.	Two	children	in	the	car	were	pronounced	
dead	at	the	scene.	The	paramedics	stated	that	there	
was	 significant	 damage	 to	 the	 car	 on	 the	 driver’s	
side.

Subjective Data
•	 Patient	asks,	“What	happened?	Where	am	I?”
•	 Complains	of	shortness	of	breath	and	leg	pain

Objective Data
Physical Examination
•	 Vital	 signs:	 blood	 pressure	 85/40	mm	Hg,	 heart	 rate	 140	 beats/min,	

respiratory	 rate	 36	 breaths/min;	 O2	 saturation	 85%	 with	 100%	 non-
rebreather	mask

•	 Decreased	breath	sounds	on	left	side	of	chest
•	 Asymmetric	chest	wall	movement

•	 Glasgow	Coma	Score	=	14;	pupils	slightly	unequal
•	 Badly	 deformed	 left	 lower	 leg	 with	 significant	 swelling	 and	 a	 pedal	

pulse	by	Doppler	only
•	 4-cm	head	laceration,	bleeding	controlled

Discussion Questions
1.	What	are	D.F.’s	most	likely	life-threatening	injuries?
2.	Priority Decision:	What	is	the	priority	of	care	for	D.F.?
3.	Priority Decision:	 What	 interventions	 does	 this	 patient	 need	

immediately?
4.	What	other	interventions	should	you	consider?
5.	Delegation Decision:	What	activities	could	you	delegate	to	unlicensed	

assistive	personnel	(UAP)?
6.	Several	family	members	have	arrived	in	the	ED,	 including	the	mother	

of	one	of	the	children	who	died.	The	second	child	who	died	was	the	
patient’s	child.	How	should	you	approach	the	family?

7.	Priority Decision:	Based	on	assessment	data	presented,	what	are	the	
priority	nursing	diagnoses?	Are	there	any	collaborative	problems?

8.	Evidence-Based Practice:	 What	 are	 the	 best	 practice	 guidelines	 for	
fluid	resuscitation	in	patients	who	are	experiencing	hypovolemic	shock?

	 Answers	available	at	http://evolve.elsevier.com/Lewis/medsurg.

iStockphoto/Thinkstock
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4. An older woman arrives in the ED complaining of severe pain in 
her right shoulder. The nurse notes that her clothes are soiled with 
urine and feces. She tells the nurse that she lives with her son and 
that she “fell.” She is tearful and asks you if she can be admitted. 
What possibility should the nurse consider?
a. Paranoia
b. Possible cancer
c. Family violence
d. Orthostatic hypotension

5. A chemical explosion occurs at a nearby industrial site. The first 
responders report that victims are being decontaminated at the 
scene and approximately 125 workers will need medical evaluation 
and care. The nurse receiving this report should know that this will 
first require activation of
a. a code blue alert.
b. a disaster medical assistance team.
c. the local police and fire departments.
d. the hospital’s emergency response plan.

 
For rationales to these answers and even more NCLEX review ques-
tions, visit http://evolve.elsevier.com/Lewis/medsurg.

The number of the question corresponds to the same-numbered 
outcome at the beginning of the chapter.
1. An older man arrives in triage disoriented and tachypneic. His skin 

is hot and dry. His wife states that he was fine earlier today. The 
nurse’s next priority would be to
a. obtain a detailed medical history from his wife.
b. assess his vital signs, including a rectal temperature.
c. determine the kind of insurance he has before treating him.
d. start supplemental oxygen and have the ED physician see him.

2. A patient has a core temperature of 90° F (32.2° C). The most appro-
priate rewarming technique would be
a. passive rewarming with warm blankets.
b. active internal rewarming using warmed IV fluids.
c. passive rewarming using air-filled warming blankets.
d. active external rewarming by submersing in a warm bath.

3. Effective interventions to decrease absorption or increase elimina-
tion of an ingested poison include which of the following (select all 
that apply)?
a. Hemodialysis
b. Milk dilution
c. Eye irrigation
d. Gastric lavage
e. Activated charcoal

B R I D G E  T O  N C L E X  E X A M I N A T I O N

*Evidence-based information for clinical practice.
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CASE STUDY
Managing Multiple Patients

You	are	working	in	a	12-bed	intensive	care	unit	and	have	been	assigned	
to	care	for	the	following	two	patients.	There	is	one	UAP	available	to	help	
as	needed.

Patients

R.K.	is	a	72-year-old	white	man	who	was	admitted	
with	a	massive	stroke	after	collapsing	on	the	
street.	He	is	unresponsive,	even	to	painful	stimuli.	
He	has	an	oral	endotracheal	(ET)	tube	in	place	and	
is	receiving	mechanical	ventilation	(assist-control	
mode,	FIO2	70%,	VT	700	mL,	respiratory	rate	16	
breaths/min,	PEEP	5	cm	H2O).	His	chest	x-ray	
revealed	right	lower	lung	consolidation.	A	
subclavian	central	line	was	placed	to	monitor	CVP	
and	administer	fluids.	IV	antibiotics	have	been	
started.	His	cardiac	rhythm	on	admission	was	
atrial	fibrillation	with	a	rapid	ventricular	response.	
He	is	receiving	IV	diltiazem	(Cardizem)	and	his	
ventricular	response	has	slowed	to	84	bpm.	His	
temperature	is	elevated	despite	receiving	
acetaminophen	q	4	hr.	He	is	also	receiving	enteral	
feeding	at	25	mL/hr	via	small-bore	nasogastric	
feeding	tube	and	has	an	external	condom	
catheter	for	urinary	drainage.

J.N.	is	a	55-year-old	white	man	who	was	admitted	
24	hours	ago	after	emergent	surgery	for	an	
acutely	ischemic	bowel.	The	surgical	procedure	
involved	extensive	abdominal	surgery	to	repair		
a	perforated	colon,	irrigate	the	abdominal	cavity,	
and	provide	hemostasis.	During	surgery	his	
systolic	BP	dropped	to	70	mm	Hg.	Seven	units		
of	packed	red	blood	cells	and	4	L	of	0.9%	saline	
were	infused.	His	pulmonary	status	worsened	
within	12	hours	of	admission	to	the	ICU,	requiring	
an	emergent	ET	intubation.	He	developed	a	
pneumothorax	after	intubation	and	a	left-side	
chest	tube	was	placed	at	that	time.	His	
hypoxemia	has	rapidly	progressed	and	is	currently	
refractory	to	100%	FIO2	and	high	levels	of	PEEP.	
His	laboratory	test	results	indicate	kidney	and	liver	
failure.	He	has	an	advance	directive	that	indicates	
he	does	not	want	to	be	kept	alive	by	artificial	
means,	but	he	has	a	full	code	status.	He	is	
currently	sedated,	paralyzed,	and	unable	to	
communicate.	His	urinary	catheter	is	draining	
concentrated	urine	<30	mL/hr.	He	has	a	central	
line	in	place	and	is	receiving	0.9%	saline	at	
125	mL/hr.	His	most	recent	ABGs	are	as	follows:	
pH	7.12,	PaO2	50	mm	Hg,	PaCO2	62	mm	Hg,	
HCO3	17	mEq/L,	and	O2	saturation	84%.	His	
PaO2/FIO2	ratio	is	<200	and	his	chest	x-ray	shows	
worsening	bilateral	interstitial	infiltrates	
compatible	with	an	ARDS	pattern.

Management Discussion Questions
1.	Priority Decision:	After	receiving	report,	which	patient	should	you	see	

first?	Provide	rationale.
2.	Delegation Decision:	 Which	 tasks	 could	 you	 delegate	 to	 the	 UAP	

(select all that apply)?
a.	Record	vital	signs	on	R.K.	and	J.N.
b.	Suction	R.K.	and	J.N.’s	ET	tubes	as	needed.
c.	 Titrate	the	diltiazem	IV	drip	downward	based	on	R.K.’s	heart	rate.
d.	Talk	to	J.N.’s	family	regarding	his	advance	directive	and	current	code	

status.
3.	Priority and Delegation Decision:	As	you	are	assessing	J.N.,	the	UAP	

informs	you	that	R.K.	just	vomited	all	over	his	bed.	Which	initial	action	
would	be	most	appropriate?
a.	Ask	the	UAP	to	give	R.K.	a	bath	while	you	finish	assessing	J.N.
b.	Turn	off	the	enteral	tube	feeding	on	R.K.	and	auscultate	his	lungs.
c.	 Ask	 the	 UAP	 to	 inform	 the	 health	 care	 provider	 about	 J.N.’s	 ABG	

results	while	you	assess	R.K.
d.	Finish	assessing	R.K.	and	then	suction	R.K.’s	endotracheal	tube	to	

remove	any	aspirated	emesis.

Case Study Progression
R.K.’s	 lungs	 are	 clear	 to	 auscultation.	 Evaluation	 of	 his	 gastrointestinal	
status	 reveals	 minimal	 bowel	 sounds	 and	 a	 gastric	 residual	 of	 200	mL	
even	after	 his	 emesis.	You	elevate	 the	head	of	 his	 bed	 to	60	degrees,	
hold	the	tube	feeding,	and	notify	his	health	care	provider.
4.	Which	intervention	would	you	expect	the	health	care	provider	to	order	

for	R.K.?
a.	Morphine	sulfate	2	mg	IV	stat
b.	Metoclopramide	(Reglan)	10	mg	IV	q6hr
c.	 Restart	enteral	tube	feeding	while	maintaining	HOB	elevation	at	90	

degrees
d.	Hold	enteral	 tube	 feeding	 for	1	hour	and	 restart	with	half-strength	

fluids	at	same	rate
5.	J.N.’s	 ABG	 results	 reflect	 a	 worsening	 of	 his	 ARDS.	 You	 correctly	

identify	that	these	results	demonstrate
a.	uncompensated	respiratory	acidosis.
b.	uncompensated	respiratory	alkalosis.
c.	 partially	compensated	respiratory	acidosis.
d.	partially	compensated	respiratory	alkalosis.

6.	Management Decision:	You	walk	 into	J.N.’s	 room	and	find	his	wife	
whispering	in	his	ear	with	her	hand	on	the	ventilator	tubing,	appearing	
to	be	ready	to	disconnect	him	from	life	support.	What	is	your	best	initial	
action?
a.	Ask	J.N.’s	wife	to	leave	the	room	immediately.
b.	Report	the	incident	to	the	charge	nurse	and	security	immediately.
c.	 Ask	J.N.’s	wife	if	you	could	talk	to	her	about	her	husband’s	condition.
d.	Report	the	 incident	to	J.N.’s	health	care	provider	to	address	J.N.’s	

code	status.
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	 Answers	and	rationales	available	at	http://evolve.elsevier.com/Lewis/medsurg.
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A P P E N D I X 

A
Basic Life Support for Health Care Providers
Linda Bucher

Basic life support (BLS) consists of a series of actions and skills 
performed by the rescuer(s) based on assessment findings. 
The first actions the rescuer performs on finding an adult 
victim are to assess for responsiveness and to look for signs of 
breathing. This is done by tapping or shaking the victim’s 
shoulder and asking, “Are you all right?” and scanning the 
victim’s chest for signs of breathing. If the victim does not 
respond, there is no breathing or abnormal breathing (e.g., 
agonal gasps), and the rescuer is alone, the rescuer shouts for 
help. If someone responds, the rescuer sends him or her to 
activate the emergency response system (ERS) and get an auto-
matic external defibrillator (AED) (if available). If no one 
responds, the rescuer activates the ERS, gets an AED (if avail-
able), returns to the victim, and begins cardiopulmonary resus-
citation (CPR) and defibrillation if necessary.1

CARDIOPULMONARY RESUSCITATION

Cardiac arrest is characterized by the absence of a pulse and 
breathing in an unconscious victim. The current approach  
for CPR is the chest compressions–airway-breathing (CAB) 
sequence.1

The first step in CPR is to perform a pulse check by palpat-
ing the carotid pulse for at least 5 but no more than 10 seconds. 

While maintaining a head-tilt position with one hand on the 
forehead, locate the victim’s trachea using two or three fingers 
of the other hand. Slide these fingers into the groove between 
the trachea and the neck muscles where the carotid pulse can 
be felt. The technique is more easily performed on the side 
nearest you.

If a pulse is felt, give one rescue breath every 5 to 6 seconds 
(10 to 12 breaths/minute) and recheck the pulse every 2 
minutes (see Fig. A-1 and Airway and Breathing below). If no 
pulse is felt, initiate CAB.1

Chest Compressions
The proper technique for providing chest compressions is 
shown in Fig. A-2. Chest compression technique consists of 
fast and deep applications of pressure on the sternum. The 
victim must be in the supine position when the compressions 
are performed. The victim must be lying on a flat, hard surface, 
such as a CPR board (specially designed for use in CPR), a 
headboard from a unit bed, or, if necessary, the floor. Position 
yourself close to the side of the victim’s chest.

Chest compressions are combined with rescue breathing 
for an effective resuscitation effort of the adult victim of 
cardiac arrest. The compression-ventilation ratio for one- or 
two-rescuer CPR is 30 compressions to 2 breaths (Table A-1). 

A B C
FIG. A-1  The head tilt–chin lift maneuver is used to open the victim’s airway to give rescue breaths. A, Rescuer 
places one hand on the victim’s forehead and applies firm, backward pressure with the palm to tilt the head back. 
The chin is lifted and brought forward with the fingers of the other hand. B, Mouth-to-barrier device: Rescuer places 
the device tightly over the victim’s mouth and nose and delivers a regular breath. C, Mouth-to-mouth technique: 
Rescuer pinches the victim’s nostrils, tightly seals mouth over victim’s mouth, and delivers a regular breath. NOTE: 
Rescuer should observe for a rise in the victim’s chest (blue arrows). 

Reviewed by Amber Young, RN, MSN, Instructor of Nursing, Bellin College, School of Nursing, Green Bay, Wisconsin.
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FIG. A-2  Cardiopulmonary  resuscitation.  A,  Position  of  the  hands  during 
chest compressions. B, When pressure is applied, the sternum is displaced 
posteriorly  with  the  heel  of  the  hand.  C,  Arms  are  kept  straight  and  the 
rescuer pushes deep (at least 2 in) and fast (a rate of at least 100 compres-
sions per minute). 

A
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FIG. A-3  Automatic external defibrillator (AED) located in a shopping center.

TABLE A-1 ADULT ONE- AND TWO-
RESCUER BASIC LIFE SUPPORT 
WITH AUTOMATIC EXTERNAL 
DEFIBRILLATOR (AED)

Assess
•  Determine unresponsiveness: tap or shake victim’s shoulder; 

shout, “Are you all right?”
•  Check for no breathing or abnormal breathing (e.g., gasping).

Activate Emergency Response System (ERS)
•  Activate ERS (e.g., call 911) and get the AED (if available) (outside 

of hospital).
•  Call a code and ask for the AED or crash cart (in hospital).

Check for Pulse
•  Feel for carotid pulse (5-10 sec).
•  If victim has a pulse but is not breathing or not breathing 

adequately, begin rescue breathing at a rate of 1 breath every 
5-6 sec (see Fig. A-1) and recheck circulation every 2 minutes.

Begin High-Quality CPR
•  If there is no pulse, expose the victim’s chest and immediately 

begin chest compressions (see Fig. A-2).
•  Deliver compressions at a rate of at least 100/minute.
•  Compress the chest at least 2 inches.
•  Allow for complete chest recoil after each compression.
•  Deliver a compression-ventilation ratio of 30 compressions to 2 

breaths.
•  Minimize interruptions in compressions by delivering the 2 breaths 

in <10 sec.

Deliver Effective Breaths
•  Open airway adequately (see Fig. A-1, A).
•  Deliver breath to produce a visible chest rise (see Fig. A-1, B, C  ).
•  Avoid excessive ventilation.

Integrate Prompt Use of the AED
•  Use AED as soon as possible.
•  If rhythm is shockable, deliver one shock and then resume chest 

compressions immediately after delivery of shock.
•  If the rhythm is not shockable, resume CPR and recheck rhythm 

every five cycles.

Continue CPR
•  Continue CPR between rhythm checks and shocks, and until ACLS 

providers arrive or the victim shows signs of movement.

Source: American Heart Association: BLS for healthcare providers—student manual, 
Dallas, 2011, The Association.
ACLS, Advanced cardiovascular life support; CPR, cardiopulmonary resuscitation.

If the patient has an advanced airway (e.g., endotracheal tube, 
laryngeal mask airway), do not pause between compressions for 
breaths.1

It is preferable to have two persons performing CPR. One 
rescuer, positioned at the victim’s side, performs chest compres-
sions while the second rescuer, positioned at the victim’s head, 
maintains an open airway and performs ventilations. To main-
tain the quality and rate of compressions, rescuers should 
change roles every 2 minutes.1 Interruptions in CPR should be 
limited.

Defibrillation
When the AED or advanced cardiovascular life support (ACLS) 
team arrives, assess the victim’s rhythm. If the victim has a 
shockable rhythm (e.g., ventricular tachycardia, ventricular 
fibrillation), deliver one shock followed by five cycles of CPR 

before checking the rhythm again. If the rhythm is not a shock-
able rhythm, resume CPR and recheck the rhythm every five 
cycles. CPR should continue between rhythm checks and 
shocks, and until the ACLS team arrives or the victim shows 
signs of movement.1

The American Heart Association includes training in the use 
of AEDs with instruction of health care personnel and layper-
sons in BLS. Survival from cardiac arrest is the highest when 
immediate CPR is provided and defibrillation occurs within 3 
to 5 minutes.1 AEDs are found in many out-of-hospital, public 
settings (Fig. A-3).

Airway and Breathing
If a victim has a pulse but is gasping (e.g., agonal breathing) or 
not breathing, establish an open airway and begin rescue breath-
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FIG. A-4  Abdominal  thrusts  (Heimlich  maneuver)  administered  to  a  con-
scious (standing) choking victim. 

TABLE A-2 MANAGEMENT OF THE ADULT 
CHOKING VICTIM

Conscious Adult Choking Victim
Assess Victim for Severe Airway Obstruction
Look for any of the following signs:

•  Poor or no air exchange
•  Clutching the neck with the hands, making the universal choking 

sign
•  Weak, ineffective cough or no cough at all
•  High-pitched noise while inhaling or no noise at all
•  Increased respiratory difficulty
•  Possible cyanosis

Ask the victim if he or she is choking. If the victim nods yes and 
cannot talk or has any of the symptoms noted above, severe airway 
obstruction is present and you must take immediate action.

Abdominal Thrusts (Heimlich Maneuver) With Standing 
or Sitting Victim (see Fig. A-4)
1. Stand or kneel behind victim and wrap arms around the victim’s 

waist.
2. Make fist with one hand.
3. Place thumb side of fist against victim’s abdomen. Position fist 

midline, slightly above navel and well below breastbone.
4. Grasp fist with other hand and press fist into victim’s abdomen 

with a quick, forceful upward thrust.
5. Give each new thrust with a separate, distinct movement to relieve 

the obstruction. CAUTION: If victim is pregnant or obese, give chest 
thrusts instead of abdominal thrusts. Position hands (as described) 
over lower portion of the breastbone and apply quick backward 
thrusts.

6. Repeat thrusts until object is expelled or victim becomes 
unresponsive.

Unconscious Adult Choking Victim
If you see a choking victim collapse and become unresponsive:
1. Activate the emergency response system.
2. Lower the victim to the ground and begin CPR, starting with 

compressions (do not check for a pulse).
3. Open the victim’s mouth wide each time you prepare to give 

breaths. Look for the object. If you see the object and can easily 
remove it, do so with your fingers. If you do not see the object, 
continue with CPR using the chest compression–airway-breathing 
sequence (see Table A-1).

4.  If efforts to ventilate are unsuccessful, continue with CPR.

Source: American Heart Association: BLS for healthcare providers—student manual, 
Dallas, 2011, The Association.

and watch for a rise in the victim’s chest. Continue rescue 
breaths at a rate of 10 to 12 per minute. When the victim has a 
tracheostomy, give ventilations through the stoma.

If the victim cannot be ventilated, proceed with CPR. When 
providing the next rescue breaths, look for any objects in the 
victim’s mouth and remove them if visible (Table A-2).

HANDS-ONLY CPR

Hands-only CPR can be used to help adult victims who suddenly 
collapse from cardiac arrest outside of a health care setting. If 
you witness this event (as a bystander), you can choose to 
provide chest compressions only (push fast and deep in the 
center of the chest) or conventional CPR (described previously). 
Both methods are effective when done in the first few minutes 
of an out-of-hospital cardiac arrest.2

REFERENCES

1. American Heart Association: BLS for healthcare providers—
student manual, Dallas, 2011, The Association.

2. American Heart Association: Two steps to staying alive with 
hands-only CPR. Retrieved from www.heart.org/HEARTORG/
CPRAndECC/HandsOnlyCPR/Hands-Only-CPR_UCM_440559 
_SubHomePage.jsp.

RESOURCES

American Heart Association, CPR and Emergency Cardiovascular 
Care
www.heart.org/cpr

American Heart Association, Hands-Only CPR
http://handsonlycpr.org

ing. Open an adult’s airway by hyperextending the head (see 
Fig. A-1). Use the head tilt–chin lift maneuver. This involves 
tilting the head back with one hand and lifting the chin forward 
with the fingers of the other hand. Use the jaw-thrust maneuver 
if you suspect a cervical spine injury (see Fig. 69-1). Attempt to 
ventilate the victim using a mouth-to-barrier (recommended) 
device (e.g., face mask or bag-valve-mask) or mouth-to-mouth 
resuscitation1 (see Fig. A-1, B, C).

For mouth-to-mouth resuscitation give ventilations with the 
victim’s nostrils pinched. Take a regular (not deep) breath and 
tightly seal your lips around the victim’s mouth. Give one breath 
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Nursing Diagnoses

Activity Intolerance
Activity Intolerance, Risk for
Activity Planning, Ineffective
Activity Planning, Risk for Ineffective
Adverse Reaction to Iodinated Contrast Media, Risk for
Airway Clearance, Ineffective
Allergy Response, Risk for
Anxiety
Aspiration, Risk for
Attachment, Risk for Impaired
Autonomic Dysreflexia
Autonomic Dysreflexia, Risk for
Behavior, Disorganized Infant
Behavior, Readiness for Enhanced Organized Infant
Behavior, Risk for Disorganized Infant
Bleeding, Risk for
Blood Glucose Level, Risk for Unstable
Body Image, Disturbed
Body Temperature, Risk for Imbalanced
Breast Milk, Insufficient
Breastfeeding, Ineffective
Breastfeeding, Interrupted
Breastfeeding, Readiness for Enhanced
Breathing Pattern, Ineffective
Cardiac Output, Decreased
Caregiver Role Strain
Caregiver Role Strain, Risk for
Childbearing Process, Ineffective
Childbearing Process, Readiness for Enhanced
Childbearing Process, Risk for Ineffective
Comfort, Impaired
Comfort, Readiness for Enhanced
Communication, Readiness for Enhanced
Confusion, Acute
Confusion, Chronic
Confusion, Risk for Acute
Constipation
Constipation, Perceived
Constipation, Risk for
Contamination
Contamination, Risk for
Coping, Defensive
Coping, Ineffective
Coping, Readiness for Enhanced
Coping, Ineffective Community
Coping, Readiness for Enhanced Community

Coping, Compromised Family
Coping, Disabled Family
Coping, Readiness for Enhanced Family
Death Anxiety
Decision-Making, Readiness for Enhanced
Decisional Conflict
Denial, Ineffective
Dentition, Impaired
Development, Risk for Delayed
Diarrhea
Disuse Syndrome, Risk for
Diversional Activity, Deficient
Dry Eye, Risk for
Electrolyte Imbalance, Risk for
Energy Field, Disturbed
Environmental Interpretation Syndrome, Impaired
Failure to Thrive, Adult
Falls, Risk for
Family Processes, Dysfunctional
Family Processes, Interrupted
Family Processes, Readiness for Enhanced
Fatigue
Fear
Feeding Pattern, Ineffective Infant
Fluid Balance, Readiness for Enhanced
Fluid Volume, Risk for Imbalanced
Fluid Volume, Deficient
Fluid Volume, Excess
Fluid Volume, Risk for Deficient
Gas Exchange, Impaired
Gastrointestinal Motility, Risk For Dysfunctional
Gastrointestinal Motility, Dysfunctional
Gastrointestinal Perfusion, Risk for Ineffective
Grieving
Grieving, Complicated
Grieving, Risk for Complicated
Growth, Risk for Disproportionate
Growth and Development, Delayed
Health, Deficient Community
Health Behavior, Risk-Prone
Health Maintenance, Ineffective
Home Maintenance, Impaired
Hope, Readiness for Enhanced
Hopelessness
Human Dignity, Risk for Compromised
Hyperthermia

NANDA International Nursing Diagnoses: Definitions and Classifications 2012–2014; Herdman T.H. (ED); copyright © 2012, 1994–2012 
NANDA International; used by arrangement with John Wiley & Sons, Limited.
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Hypothermia
Immunization Status, Readiness for Enhanced
Impulse Control, Ineffective
Incontinence, Functional Urinary
Incontinence, Overflow Urinary
Incontinence, Reflex Urinary
Incontinence, Stress Urinary
Incontinence, Urge Urinary
Incontinence, Risk for Urge Urinary
Incontinence, Bowel
Infection, Risk for
Injury, Risk for
Insomnia
Intracranial Adaptive Capacity, Decreased
Jaundice, Neonatal
Jaundice, Risk for Neonatal
Knowledge, Deficient
Knowledge, Readiness for Enhanced
Latex Allergy Response
Latex Allergy Response, Risk for
Lifestyle, Sedentary
Liver Function, Risk for Impaired
Loneliness, Risk for
Maternal–Fetal Dyad, Risk for Disturbed
Memory, Impaired
Mobility, Impaired Bed
Mobility, Impaired Physical
Mobility, Impaired Wheelchair
Moral Distress
Nausea
Noncompliance
Nutrition, Readiness for Enhanced
Nutrition, Imbalanced: Less Than Body Requirements
Nutrition, Risk for Imbalanced: More Than Body Requirements
Nutrition, Imbalanced: More Than Body Requirements
Oral Mucous Membrane, Impaired
Other-Directed Violence, Risk for
Pain, Acute
Pain, Chronic
Parenting, Impaired
Parenting, Readiness for Enhanced
Parenting, Risk for Impaired
Perioperative Positioning Injury, Risk for
Peripheral Neurovascular Dysfunction, Risk for
Personal Identity, Disturbed
Personal Identity, Risk for Disturbed
Poisoning, Risk for
Post-Trauma Syndrome
Post-Trauma Syndrome, Risk for
Power, Readiness for Enhanced
Powerlessness
Powerlessness, Risk for
Protection, Ineffective
Rape-Trauma Syndrome
Relationship, Ineffective
Relationship, Readiness for Enhanced
Relationship, Risk for Ineffective
Religiosity, Impaired
Religiosity, Readiness for Enhanced
Religiosity, Risk for Impaired
Relocation Stress Syndrome
Relocation Stress Syndrome, Risk for

Renal Perfusion, Risk for Ineffective
Resilience, Impaired Individual
Resilience, Readiness for Enhanced
Resilience, Risk for Compromised
Role Conflict, Parental
Role Performance, Ineffective
Self-Care, Readiness for Enhanced
Self-Care Deficit, Bathing
Self-Care Deficit, Dressing
Self-Care Deficit, Feeding
Self-Care Deficit, Toileting
Self-Concept, Readiness for Enhanced
Self-Directed Violence, Risk for
Self-Esteem, Chronic Low
Self-Esteem, Situational Low
Self-Esteem, Risk for Chronic Low
Self-Esteem, Risk for Situational Low
Self-Health Management, Ineffective
Self-Health Management, Readiness for Enhanced
Self-Mutilation
Self-Mutilation, Risk for
Self-Neglect
Sexual Dysfunction
Sexuality Pattern, Ineffective
Shock, Risk for
Skin Integrity, Impaired
Skin Integrity, Risk for Impaired
Sleep Deprivation
Sleep, Readiness for Enhanced
Sleep Pattern, Disturbed
Social Interaction, Impaired
Social Isolation
Sorrow, Chronic
Spiritual Distress
Spiritual Distress, Risk for
Spiritual Well-Being, Readiness for Enhanced
Spontaneous Ventilation, Impaired
Stress Overload
Sudden Infant Death Syndrome, Risk for
Suffocation, Risk for
Suicide, Risk for
Surgical Recovery, Delayed
Swallowing, Impaired
Therapeutic Regimen Management, Ineffective Family
Thermal Injury, Risk for
Thermoregulation, Ineffective
Tissue Integrity, Impaired
Tissue Perfusion, Ineffective Peripheral
Tissue Perfusion, Risk for Decreased Cardiac
Tissue Perfusion, Risk for Ineffective Cerebral
Tissue Perfusion, Risk for Ineffective Peripheral
Transfer Ability, Impaired
Trauma, Risk for
Unilateral Neglect
Urinary Elimination, Impaired
Urinary Elimination, Readiness for Enhanced
Urinary Retention
Vascular Trauma, Risk for
Ventilatory Weaning Response, Dysfunctional
Verbal Communication, Impaired
Walking, Impaired
Wandering
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Laboratory Reference Intervals

The tables in this appendix list some of the most common 
tests, their reference intervals (formally referred to as normal 
values), and possible etiologies of abnormal results. Labora-
tory results may vary depending on different techniques or 
different laboratories. Possible etiologies are presented in 
alphabetic order. Abbreviations appearing in the tables are 
defined as follows:
 mEq = milliequivalent
 mm Hg = millimeter of mercury
 mm = millimeter
 mOsm = milliosmole

 L = liter
 dL = deciliter (10−1 liter)
 mL = milliliter (10−3 liter)
 µL = microliter (10−6 liter, 10−3 milliliter)
 fL = femtoliter (10−15 liter, 10−12 milliliter)

 g = gram
 mg = milligram (10−3 gram)
 mcg = microgram (10−6 gram)
 ng = nanogram (10−9 gram)
 pg = picogram (10−12 gram)

 U = unit
 µU = microunit
 IU = international unit

 mmol = millimole (10−3 mole)
 µmol = micromole (10−6 mole)
 nmol = nanomole (10−9 mole)
 pmol = picomole (10−12 mole)
 kPa = kilopascal
 µkat = microkatal

Source: Burtis CA, Ashwood ER, Bruns DE: Tietz textbook of clinical 
chemistry and molecular diagnostics, ed 5, St Louis, 2013, Elsevier.

TABLE C-1 SERUM, PLASMA, AND WHOLE BLOOD CHEMISTRIES

Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Acetone Diabetic ketoacidosis, high-fat 

diet, low-carbohydrate diet, 
starvation

• Quantitative <2.0 mg/dL <344 µmol/L
• Qualitative Negative Negative
Albumin 3.5-5.0 g/dL 35-50 g/L Dehydration Chronic liver disease, 

malabsorption, malnutrition, 
nephrotic syndrome

Aldolase 1.5-8.1 U/L 1.5-8.1 U/L Skeletal muscle disease Renal disease
α1-Antitrypsin 78-200 mg/dL 0.78-2.0 g/L Acute and chronic inflammation, 

arthritis
Chronic lung disease (early onset), 

malnutrition, nephrotic syndrome
α1-Fetoprotein <10 ng/mL <10 mcg/L Cancer of testes, ovaries, and 

liver
Ammonia 15-45 mcg N/dL 11-32 µmol N/L Severe liver disease
Amylase 30-122 U/L (method 

dependent)
0.51-2.07 µkat/L Acute and chronic pancreatitis, 

mumps (salivary gland 
disease), perforated ulcers

Acute alcoholism, cirrhosis of 
liver, extensive destruction of 
pancreas

Bicarbonate 22-26 mEq/L 22-26 mmol/L Compensated respiratory 
acidosis, metabolic alkalosis

Compensated respiratory alkalosis, 
metabolic acidosis

b-Type natriuretic peptide 
(BNP)

<100 pg/mL <100 pmol/L Heart failure

Bilirubin Biliary obstruction, impaired liver 
function, hemolytic anemia, 
pernicious anemia

• Total 0.2-1.2 mg/dL 3-21 µmol/L
• Indirect 0.1-1.0 mg/dL 1.7-17.0 µmol/L
• Direct 0.1-0.3 mg/dL 1.7-5.1 µmol/L

Continued

Reviewed by Julie Dittmer, RN, MSN, Eastern Iowa Community College, Bettendorf, Iowa.
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Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Blood gases*
• Arterial pH 7.35-7.45 7.35-7.45 Alkalosis Acidosis
• Venous pH 7.32-7.43 7.32-7.43
• PaCO2 35-45 mm Hg 4.66-5.98 kPa Compensated metabolic alkalosis Compensated metabolic acidosis
• PvCO2 38-55 mm Hg 5.06-7.32 kPa Respiratory acidosis Respiratory alkalosis
• PaO2 80-100 mm Hg 10.6-13.33 kPa Administration of high 

concentration of oxygen
Chronic lung disease, decreased 

cardiac output• PvO2 38-42 mm Hg 5.04-5.57 kPa
Calcium (total) 8.6-10.2 mg/dL 2.15-2.55 mmol/L Acute osteoporosis, 

hyperparathyroidism, vitamin D 
intoxication, multiple myeloma

Acute pancreatitis, 
hypoparathyroidism, liver 
disease, malabsorption 
syndrome, renal failure, vitamin 
D deficiency

Calcium (ionized) 4.64-5.28 mg/dL 1.16-1.32 mmol/L
Carbon dioxide (CO2) 23-29 mEq/L 23-29 mmol/L Same as bicarbonate
Carotene 10-85 mcg/dL 0.19-1.58 µmol/L Cystic fibrosis, hypothyroidism, 

pancreatic insufficiency
Dietary deficiency, malabsorption 

disorders
Chloride 96-106 mEq/L 96-106 mmol/L Metabolic acidosis, respiratory 

alkalosis, corticosteroid 
therapy, uremia

Addison’s disease, diarrhea, 
metabolic alkalosis, respiratory 
acidosis, vomiting

Cholesterol <200 mg/dL <5.2 mmol/L Biliary obstruction, 
hypothyroidism, idiopathic 
hypercholesterolemia, renal 
disease, uncontrolled diabetes

Extensive liver disease, 
hyperthyroidism, malnutrition, 
corticosteroid therapy

• High-density lipoproteins 
(HDLs)

Male: >40 mg/dL
Female: >50 mg/dL

>1.04 mmol/L
>1.3 mmol/L

• Low-density lipoproteins 
(LDLs)

Recommended: 
<100 mg/dL

Recommended: 
<2.6 mmol/L

Near optimal: 
100-129 mg/dL 
(2.6-3.34 mmol/L)

Near optimal: 
2.6-3.34 mmol/L

Moderate risk for CAD: 
130-159 mg/dL 
(3.37-4.12 mmol/L)

Moderate risk 
for CAD: 
3.37-4.12 mmol/L

High risk for CAD: 
>160 mg/dL 
(>4.14 mmol/L)

High risk for CAD: 
>4.14 mmol/L

Copper 80-155 mcg/dL 12.6-24.3 µmol/L Cirrhosis Wilson’s disease
Cortisol 8 AM: 5-23 mcg/dL

8 PM: <10 mcg/dL
0.14-0.63 µmol/L
<0.28 µmol/L

Cushing syndrome, pancreatitis Adrenal insufficiency, 
panhypopituitary states

Creatine 0.2-1.0 mg/dL 15.3-76.3 µmol/L Active rheumatoid arthritis, 
biliary obstruction, 
hyperthyroidism, renal 
disorders, severe muscle 
disease

Diabetes mellitus

Creatine kinase (CK) Male: 20-200 U/L Male: 20-200 U/L Musculoskeletal injury or 
disease, myocardial infarction, 
severe myocarditis, exercise, 
numerous IM injections

Female: 20-180 U/L Female: 20-180 U/L

• CK-MB <4%-6% of total CK <0.4-0.6 Acute myocardial infarction
Creatinine 0.6-1.3 mg/dL 53-115 µmol/L Severe renal disease
Ferritin 10-250 ng/mL 10-250 mcg/L Sideroblastic anemia, anemia of 

chronic disease (infection, 
inflammation, liver disease)

Iron-deficiency anemia

Folate (folic acid) 5-16 ng/mL 11-36 nmol/L Hypothyroidism Alcoholism, hemolytic anemia, 
inadequate diet, malabsorption 
syndrome, megaloblastic anemia

Gamma-glutamyl 
transferase (GGT)

0-30 U/L 0-0.5 µkat/L Liver disease, infectious 
mononucleosis, pancreatitis, 
hyperthyroidism

Hypothyroidism

Glucose (fasting) 70-99 mg/dL 3.9-5.5 mmol/L Acute stress, Cushing disease, 
diabetes mellitus, 
hyperthyroidism, pancreatic 
insufficiency

Addison’s disease, hepatic 
disease, hypothyroidism, insulin 
overdosage, pancreatic tumor, 
pituitary hypofunction

Haptoglobin 26-185 mg/dL 260-1850 mg/L Infectious and inflammatory 
processes, malignant 
neoplasms

Hemolytic anemia, mononucleosis, 
toxoplasmosis, chronic liver 
disease

TABLE C-1 SERUM, PLASMA, AND WHOLE BLOOD CHEMISTRIES—cont’d



APPENDIX C Laboratory Reference Intervals 1703
A

p
p

en
d

ix C

Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Insulin (fasting) 4-24 µU/mL 29-172 pmol/L Acromegaly, adenoma of 

pancreatic islet cells, untreated 
mild case of type 2 diabetes

Inadequately treated type 1 
diabetes mellitus

Iron, total 50-175 mcg/dL 9.0-31.3 µmol/L Excessive RBC destruction Iron-deficiency anemia, anemia of 
chronic disease

Iron-binding capacity 250-425 mcg/dL 44.8-76.1 µmol/L Iron-deficient state, polycythemia Cancer, chronic infections, 
pernicious anemia

Lactic acid (L-Lactate) 6.3-22.5 mcg/dL 0.7-2.5 mmol/L Acidosis, heart failure, shock
Lactic dehydrogenase 

(LDH)
140-280 U/L 0.83-2.5 µkat/L Heart failure, hemolytic 

disorders, hepatitis, metastatic 
cancer of liver, myocardial 
infarction, pernicious anemia, 
pulmonary embolus, skeletal 
muscle damage

Lactic dehydrogenase 
isoenzymes

• LDH1 18%-33% 0.18-0.33 Myocardial infarction, pernicious 
anemia

• LDH2 28%-40% 0.28-0.40 Pulmonary embolus, sickle cell 
crisis

• LDH3 18%-30% 0.18-0.30 Malignant lymphoma, pulmonary 
embolus

• LDH4 6%-16% 0.06-0.16 Systemic lupus erythematosus, 
pulmonary infarction

• LDH5 2%-13% 0.02-0.13 Heart failure, hepatitis, 
pulmonary embolus and 
infarction, skeletal muscle 
damage

Lipase 31-186 U/L 0.5-3.2 µkat/L Acute pancreatitis, hepatic 
disorders, perforated peptic 
ulcer

Magnesium 1.5-2.5 mEq/L 0.75-1.25 mmol/L Addison’s disease, 
hypothyroidism, renal failure

Chronic alcoholism, severe 
malabsorption

Osmolality 275-295 mOsm/kg 275-295 mmol/kg Chronic renal disease, diabetes 
mellitus

Addison’s disease, diuretic 
therapy

Oxygen saturation 
(arterial) (SaO2)

>95% >0.95 Polycythemia Anemia, cardiac decompensation, 
respiratory disorders

pH See Blood gases
Phenylalanine 0.8-1.8 mg/dL 48-109 µmol/L Phenylketonuria
Phosphatase, acid 0-0.6 U/L 0-90 µkat/L Advanced Paget’s disease, 

cancer of prostate, 
hyperparathyroidism

Phosphatase, alkaline 38-126 U/L 0.65-2.14 µkat/L Bone diseases, marked 
hyperparathyroidism, 
obstruction of biliary system, 
rickets

Excessive vitamin D ingestion, 
hypothyroidism

Phosphorus (phosphate) 2.4-4.4 mg/dL 0.78-1.42 mmol/L Healing fractures, 
hypoparathyroidism, renal 
disease, vitamin D intoxication

Diabetes mellitus, 
hyperparathyroidism, vitamin D 
deficiency

Potassium 3.5-5.0 mEq/L 3.5-5.0 mmol/L Addison’s disease, diabetic 
ketosis, massive tissue 
destruction, renal failure

Cushing syndrome, diarrhea 
(severe), diuretic therapy, 
gastrointestinal fistula, pyloric 
obstruction, starvation, vomiting

Progesterone (Female)
• Follicular phase 15-70 ng/dL 0.5-2.2 nmol/L Adrenal hyperplasia, 

choriocarcinoma of ovary, 
pregnancy, cysts of ovary

Threatened abortion, 
hypogonadism, amenorrhea, 
ovarian tumor

• Luteal phase 200-2500 ng/dL 6.4-79.5 nmol/L

• Postmenopause <40 ng/dL 1.28 nmol/L
Prostate-specific antigen 

(PSA)
<4 ng/mL <4 mcg/L Prostate cancer

TABLE C-1 SERUM, PLASMA, AND WHOLE BLOOD CHEMISTRIES—cont’d

Continued
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Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Proteins Burns, cirrhosis (globulin 

fraction), dehydration
Liver disease, malabsorption

• Total 6.4-8.3 g/dL 64-83 g/L
• Albumin 3.5-5.0 g/dL 35-50 g/L
• Globulin 2.0-3.5 g/dL 20-35 g/L
• Albumin/globulin ratio 1.5:1-2.5 : 1 1.5:1-2.5:1 Multiple myeloma (globulin 

fraction), shock, vomiting
Malnutrition, nephrotic syndrome, 

proteinuria, renal disease, 
severe burns

Sodium 135-145 mEq/L 135-145 mmol/L Dehydration, impaired renal 
function, primary 
aldosteronism, corticosteroid 
therapy

Addison’s disease, diabetic 
ketoacidosis, diuretic therapy, 
excessive loss from GI tract, 
excessive perspiration, water 
intoxication

Testosterone Male: 280-1100 ng/dL Male: 
10.4-38.17 nmol/L

Hypofunction of testes, 
hypogonadism

Female: 15-70 ng/dL Female: 
0.52-2.43 nmol/L

Polycystic ovary, virilizing tumors

T4 (thyroxine), total 4.6-11.0 mcg/dL 59-142 nmol/L Hyperthyroidism, thyroiditis Cretinism, hypothyroidism, 
myxedema

T4 (thyroxine), free 0.8-2.7 ng/dL 10-35 pmol/L
T3 uptake 24%-34% 0.24-0.34 Hyperthyroidism Hypothyroidism
T3 (triiodothyronine), total Ages 20-50: 70-204 ng/dL 1.08-3.14 nmol/L Hyperthyroidism Hypothyroidism

Ages >50: 40-181 ng/dL 0.62-2.79 nmol/L
Thyroid-stimulating 

hormone (TSH)
0.4-4.2 µU/mL 0.4-4.2 mU/L Myxedema, primary 

hypothyroidism, Graves’ 
disease

Secondary hypothyroidism

Transaminases
• Aspartate 

aminotransferase  
(AST)

10-30 U/L 0.17-0.51 µkat/L Liver disease, myocardial 
infarction, pulmonary infarction, 
acute hepatitis

• Alanine  
aminotransferase  
(ALT)

10-40 U/L 0.17-0.68 µkat/L Liver disease, shock

Transferrin 190-380 mg/dL 1.9-3.8 g/L
Transferrin saturation (%) 15%-50% 15%-50%
Triglycerides <150 mg/dL <1.7 mmol/L Diabetes mellitus, 

hyperlipidemia, hypothyroidism, 
liver disease

Malnutrition

Troponins (cardiac) Myocardial infarction
• Troponin T (cTnT) <0.5 ng/mL (<0.5 mcg/L)
• Troponin I (cTnI) <0.1 ng/mL (<0.1 mcg/L)
Urea nitrogen (BUN) 6-20 mg/dL 2.1-7.1 mmol/L Increase in protein catabolism 

(fever, stress), renal disease, 
urinary tract infection

Malnutrition, severe liver damage

Uric acid Male: 4.4-7.6 mg/dL Male: 
262-452 µmol/L

Gout, gross tissue destruction, 
high-protein weight reduction 
diet, leukemia, renal failure

Administration of uricosuric drugs

Female: 2.3-6.6 mg/dL Female: 
137-393 µmol/L

Vitamin A (retinol) 30-80 mcg/dL 1.05-2.80 µmol/L Excess ingestion of vitamin A Vitamin A deficiency
Vitamin B12 (cobalamin) 200-835 pg/mL 148-616 pmol/L Chronic myeloid leukemia Strict vegetarianism, 

malabsorption syndrome, 
pernicious anemia, total or 
partial gastrectomy

Vitamin C (ascorbic acid) 0.4-2.0 mg/dL 23-114 µmol/L Excessive ingestion of vitamin C Connective tissue disorders, 
hepatic disease, renal disease, 
rheumatic fever, vitamin C 
deficiency

Zinc 70-120 mcg/dL 10.7-120 µmol/L Alcoholic cirrhosis

PaCO2, Partial pressure of CO2 in arterial blood; PvCO2, partial pressure of CO2 in venous blood; PaO2, partial pressure of oxygen in arterial blood; PvO2, partial pressure of oxygen 
in venous blood; RBC, red blood cell; SaO2, arterial oxygen saturation.

*Because arterial blood gases are influenced by altitude, the value for PaO2 decreases as altitude increases. The lower value is normal for an altitude of 1 mile.

TABLE C-1 SERUM, PLASMA, AND WHOLE BLOOD CHEMISTRIES—cont’d
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TABLE C-2 HEMATOLOGY

Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Bleeding time 2-7 min 120-420 sec Defective platelet function, 

thrombocytopenia, von Willebrand 
disease, aspirin ingestion, vascular 
disease

Activated partial 
thromboplastin time 
(aPTT)

25-35 sec* 25-35 sec* Deficiency factors I, II, V, VIII, IX, X, 
XI, XII; hemophilia, liver disease; 
heparin therapy

Prothrombin time 
(Protime, PT)

11-16 sec* 11-16 sec* Warfarin therapy; deficiency of 
factors I, II, V, VII, and X; vitamin K 
deficiency; liver disease

Fibrinogen 200-400 mg/dL 2-4 g/L Burns (after first 36 hr), inflammatory 
disease

Burns (during first 36 hr), 
DIC, severe liver disease

Fibrin split (degradation) 
products

<10 mcg/mL <10 mg/L Acute DIC, massive hemorrhage, 
primary fibrinolysis

D-Dimer <250 ng/mL <250 mcg/L DIC, myocardial infarction, deep vein 
thrombosis, unstable angina

Erythrocyte count† 
(altitude dependent)

Male: 4.3-5.7 × 106/µL Male: 4.3-5.7 × 1012/L Dehydration, high altitudes, 
polycythemia vera

Anemia, leukemia, 
posthemorrhageFemale: 3.8-5.1 × 106/µL Female: 3.8-5.1 × 1012/L

Red blood indices
• Mean corpuscular 

volume (MCV)
80-100 fL 80-100 fL Macrocytic anemia Microcytic anemia

• Mean corpuscular 
hemoglobin (MCH)

27-34 pg 27-34 pg Macrocytic anemia Microcytic anemia

• Mean corpuscular 
hemoglobin concentration 
(MCHC)

32%-37% 0.32-0.37 Spherocytosis Hypochromic anemia

Erythrocyte 
sedimentation rate 
(ESR)

<30 mm/hr (some 
gender variation)

<30 mm/hr (some 
gender variation)

Moderate increase: acute hepatitis, 
myocardial infarction; rheumatoid 
arthritis

Marked increase: acute and severe 
bacterial infections, malignancies, 
pelvic inflammatory disease

Malaria, severe liver 
disease, sickle cell 
anemia

Hematocrit† (altitude 
dependent)

Male: 39%-50% Male: 0.39-0.50 Dehydration, high altitudes, 
polycythemia

Anemia, hemorrhage, 
overhydrationFemale: 35%-47% Female: 0.35-0.47

Hemoglobin† (altitude 
dependent)

Male: 13.2-17.3 g/dL Male: 132-173 g/L COPD, high altitudes, polycythemia Anemia, hemorrhage
Female: 11.7-15.5 g/dL Female: 117-155 g/L

Hemoglobin, 
glycosylated (A1C)

4.0%-6.0% 4.0%-6.0% Poorly controlled diabetes mellitus Sickle cell anemia, chronic 
renal failure, pregnancy

Platelets 
(thrombocytes)

150-400 × 103/µL 150-400 × 109/L Acute infections, chronic granulocytic 
leukemia, chronic pancreatitis, 
cirrhosis, collagen disorders, 
polycythemia, postsplenectomy

Acute leukemia, DIC, 
thrombocytopenic 
purpura

Reticulocyte count 0.5%-1.5% of RBC 0.5%-1.5% of RBC Hemolytic anemia, polycythemia vera Hypoproliferative anemia, 
macrocytic anemia, 
microcytic anemia

White blood cell count† 4.0-11.0 × 103/µL 4.0-11.0 × 109/L Inflammatory and infectious 
processes, leukemia

Aplastic anemia, side 
effects of chemotherapy 
and irradiation

WBC differential
• Segmented neutrophils 50%-70% 0.50-0.70 Bacterial infections, collagen 

diseases, Hodgkin’s lymphoma
Aplastic anemia, viral 

infections
• Band neutrophils 0%-8% 0-0.08 Acute infections
• Lymphocytes 20%-40% 0.20-0.40 Chronic infections, lymphocytic 

leukemia, mononucleosis, viral 
infections

Corticosteroid therapy, 
whole body irradiation

• Monocytes 4%-8% 0.04-0.08 Chronic inflammatory disorders, 
malaria, monocytic leukemia, acute 
infections, Hodgkin’s lymphoma

• Eosinophils 0%-4% 0-0.04 Allergic reactions, eosinophilic and 
chronic granulocytic leukemia, 
parasitic disorders, Hodgkin’s 
lymphoma

Corticosteroid therapy

• Basophils 0%-2% 0-0.02 Hypothyroidism, ulcerative colitis, 
myeloproliferative diseases

Hyperthyroidism, stress

*Values depend on reagent and instrumentation used.
†Components of complete blood count (CBC).
COPD, Chronic obstructive pulmonary disease; DIC, disseminated intravascular coagulation; RBC, red blood cell; WBC, white blood cell.
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TABLE C-3 SEROLOGY-IMMUNOLOGY

Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Antinuclear antibody (ANA) Negative at 1:40 

dilution
Negative at 1:40 

dilution
Chronic hepatitis, rheumatoid 

arthritis, scleroderma, 
systemic lupus erythematosus

Anti-DNA antibody <70 IU/mL <70 IU/mL Systemic lupus erythematosus
Anti-Sm (Smith) Negative Negative Systemic lupus erythematosus
C-reactive protein (CRP) 6.8-820 mcg/dL 68-8200 mcg/L Acute infections, any 

inflammatory condition, 
widespread malignancy

Carcinoembryonic antigen 
(CEA)

Nonsmoker: <3 ng/mL Nonsmoker: <3 mcg/L Carcinoma of colon, liver, 
pancreas; chronic cigarette 
smoking; inflammatory bowel 
disease; other cancers

Smoker: <5 ng/mL Smoker: <5 mcg/L

Complement, total hemolytic 
(CH50)

75-160 U/mL 75-160 kU/L Acute glomerulonephritis, 
systemic lupus 
erythematosus, 
rheumatoid arthritis, 
subacute bacterial 
endocarditis

Direct Coombs or direct 
antihuman globulin test (DAT)

Negative Negative Acquired hemolytic anemia, 
drug reactions, transfusion 
reactions

Fluorescent treponemal 
antibody absorption (FTA-Abs)

Negative or nonreactive Negative or nonreactive Syphilis

Hepatitis A antibody Negative Negative Hepatitis A
Hepatitis B surface antigen 

(HBsAg)
Negative Negative Hepatitis B

Hepatitis C antibody Negative Negative Hepatitis C
Monospot or monotest Negative Negative Infectious mononucleosis
Rheumatoid factor (RF) Negative or titer <1:17 Negative or titer <1:17 Rheumatoid arthritis, Sjögren’s 

syndrome, systemic lupus 
erythematosus

RPR Negative or nonreactive Negative or nonreactive Syphilis, systemic lupus 
erythematosus, rheumatoid 
arthritis, leprosy, malaria, 
febrile diseases, IV drug abuse

VDRL Negative or nonreactive Negative or nonreactive Syphilis

RPR, Rapid plasma regain test; VDRL, Veneral Disease Research Laboratory test.
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TABLE C-4 URINE CHEMISTRY

Test
Reference Intervals Possible Etiology

Specimen Units SI Units Higher Lower
Acetone Random Negative Negative Diabetes mellitus, high-fat and 

low-carbohydrate diets, 
starvation

Aldosterone 24 hr 3-30 mcg/day (low 
sodium diet 
increases threefold 
to fivefold)

0.08-0.83 nmol/day Primary aldosteronism: 
adrenocortical tumors

Secondary aldosteronism: 
cardiac failure, cirrhosis, large 
dose of ACTH, salt depletion

ACTH deficiency, 
Addison’s disease, 
corticosteroid therapy

Amylase 24 hr 1-17 U/hr 1-17 U/hr Acute pancreatitis
Bence Jones protein Random Negative Negative Multiple myeloma
Bilirubin Random Negative Negative Liver disorders
Calcium 24 hr 100-250 mg/day 2.5-6.3 mmol/day Bone tumor, 

hyperparathyroidism
Hypoparathyroidism, 

malabsorption of 
calcium and vitamin D

Catecholamines 24 hr Pheochromocytoma, 
progressive muscular 
dystrophy, heart failure

• Epinephrine <20 mcg/day <109 nmol/day
• Norepinephrine 15-80 mcg/day 89-473 nmol/day
Creatine 24 hr <100 mg/day <763 µmol/day Liver cancer, hyperthyroidism, 

diabetes, Addison’s disease, 
infections, burns, muscular 
dystrophy, skeletal muscle 
atrophy

Hypothyroidism

Creatinine 24 hr 0.6-2.0 g/day 5.3-17.7 mmol/day Anemia, leukemia, muscular 
atrophy

Renal disease

Creatinine clearance 24 hr 59-137 mL/min/1.73 m2 0.59-1.37 mL/sec/m2 Renal disease
Estrogens 24 hr
• Female Gonadal or adrenal tumor Endocrine disturbance, 

ovarian dysfunction, 
menopause

 • Premenopause 15-80 mcg/day 15-80 mcg/day
 • Postmenopause <20 mcg/day <20 mcg/day
• Male 15-40 mcg/day 15-40 mcg/day
Glucose Random Negative Negative Diabetes mellitus, pituitary 

disorders
Hemoglobin Random Negative Negative Extensive burns, 

glomerulonephritis, hemolytic 
anemias, hemolytic 
transfusion reaction

5-Hydroxyindole 
acetic acid (5-HIAA)

24 hr 2-7 mg/day 10.5-36.6 µmol/day Malignant carcinoid syndrome

Ketone bodies 24 hr 20-50 mg/day 0.34-0.86 mmol/day Diabetes mellitus, starvation, 
dehydration

Metanephrine 24 hr 92-934 mcg/day 500-5100 nmol/day Pheochromocytoma
Myoglobin Random Negative Negative Crushing injuries, electric 

injuries, extreme physical 
exertion

Osmolality Random 300-1300 mOsm/kg 300-1300 mmol/kg Dehydration, tubular 
dysfunction (kidney lost 
ability to dilute urine)

Tubular dysfunction 
(kidney lost ability to 
concentrate urine)

pH Random 4.0-8.0 4.0-8.0 Urinary tract infection, urine 
allowed to stand at room 
temperature

Respiratory or 
metabolic acidosis

Protein (dipstick) Random 0-trace 0-trace Acute and chronic renal 
disease, especially involving 
glomeruli; heart failure

Protein (quantitative) 24 hr <150 mg/day <0.15 g/day Cardiac failure, inflammatory 
processes of urinary tract, 
nephritis, nephrosis, 
strenuous exercise

Sodium 24 hr 40-220 mEq/day 40-220 mmol/day Acute tubular necrosis Hyponatremia
Specific gravity Random 1.003-1.030 Same as conventional 

units
Albuminuria, dehydration, 

glycosuria
Diabetes insipidus

Uric acid 24 hr 250-750 mg/day 1.5-4.5 mmol/day Gout, leukemia Nephritis
Urobilinogen 24 hr 0.5-4.0 mg/day 0.8-6.8 µmol/day Hemolytic disease, hepatic 

parenchymal cell damage, 
liver disease

Complete obstruction 
of bile duct

Vanillylmandelic acid 24 hr 1.4-6.5 mg/day 7-33 µmol/day Pheochromocytoma

ACTH, Adrenocorticotropic hormone.
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TABLE C-6 CEREBROSPINAL FLUID ANALYSIS

Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher Lower
Pressure 60-150 mm H2O 60-150 mm H2O Hemorrhage, intracranial tumor, meningitis Head injury, spinal tumor, 

subdural hematoma
Blood Negative Negative Intracranial hemorrhage
Cell count (age dependent) Inflammation or infections of CNS
• WBC 0-5 cells/µL 0-5 × 106 cells/L
• RBC Negative Negative
Chloride 118-132 mEq/L 118-132 mmol/L Uremia Bacterial infections of CNS 

(meningitis, encephalitis)
Glucose 40-70 mg/dL 2.2-3.9 mmol/L Diabetes mellitus, viral infections of CNS Bacterial infections and 

tuberculosis of CNS
Protein
• Lumbar 15-45 mg/dL 0.15-0.45 g/L Guillain-Barré syndrome, poliomyelitis, trauma
• Cisternal 15-25 mg/dL 0.15-0.25 g/L Syphilis of CNS
• Ventricular 5-15 mg/dL 0.05-0.15 g/L Acute meningitis, brain tumor, chronic CNS 

infections, multiple sclerosis

CNS, Central nervous system.

TABLE C-5 FECAL ANALYSIS

Test
Reference Intervals Possible Etiology

Conventional Units SI Units Higher
Fecal fat <6 g/24 hr Same as conventional 

units
Chronic pancreatic disease, obstruction of common bile duct, 

malabsorption syndrome
Mucus Negative Negative Mucous colitis, spastic constipation
Pus Negative Negative Chronic bacillary dysentery, chronic ulcerative colitis, localized abscesses
Blood* Negative Negative Anal fissures, hemorrhoids, malignant tumor, peptic ulcer, inflammatory 

bowel disease
Color
• Brown Various color depending on diet
• Clay Biliary obstruction or presence of barium sulfate
• Tarry More than 100 mL of blood in gastrointestinal tract
• Red Blood in large intestine
• Black Blood in upper gastrointestinal tract or iron medication

*Ingestion of meat may produce false-positive results. Patient may be placed on a meat-free diet for 3 days before the test.
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A
absence (petit mal) seizure  seizure character-

ized  by  a  brief  staring  spell  and  a  very  brief  
loss  of  consciousness  that  usually  occurs  only  
in children and rarely continues beyond adoles-
cence.

acromegaly  a  condition  caused  by  excessive 
secretion of growth hormone characterized by 
an overgrowth of the bones and soft tissues.

actinic keratosis  a slowly developing, localized 
thickening and scaling of the outer layers of the 
skin  consisting  of  hyperkeratotic  papules  and 
plaques as a result of chronic, prolonged expo-
sure to the sun; also known as solar keratosis.

acute bronchitis  an inflammation of the lower 
respiratory tract that is usually due to infection.

acute hepatic failure  a clinical syndrome char-
acterized by severe impairment of liver function 
associated  with  hepatic  encephalopathy;  also 
referred to as acute liver failure.

acute kidney injury (AKI)  clinical  syndrome 
characterized by a rise in serum creatinine and/
or a reduction in urine output.

acute lung injury (ALI)  a condition that occurs 
when  the patient’s PaO2/FIO2  ratio  is 200–300 
(e.g., 86/0.4 = 215).

acute pancreatitis  an  acute  inflammatory 
process of the pancreas caused by autodigestion 
and marked by symptoms of an acute condition 
of  the  abdomen  and  escape  of  pancreatic 
enzymes into the pancreatic tissues.

acute respiratory distress syndrome (ARDS) 
a sudden and progressive form of acute respira-
tory  failure  in  which  the  alveolar-capillary 
membrane becomes damaged and more perme-
able to intravascular fluid.

acute tubular necrosis (ATN)  a type of intra-
renal acute injury of the kidney that affects the 
renal  tubules,  caused  by  renal  ischemia  and 
nephrotoxic injury.

adhesion  a  band  of  scar  tissue  between  or 
around organs.

adventitious sounds  extra breath sounds that 
are  not  normally  heard,  such  as  crackles, 
rhonchi, wheezes, and pleural friction rubs.

afterload  the  peripheral  resistance  against 
which the left ventricle must pump.

allergic rhinitis  the  reaction  of  the  nasal  mu-
cosa to a specific allergen.

alopecia  partial or complete lack of hair result-
ing  from  normal  aging,  endocrine  disorder, 
drug  reaction,  anticancer  medication,  or  skin 
disease.

Alzheimer’s disease (AD)  a chronic, progres-
sive, degenerative disease of the brain.

amyotrophic lateral sclerosis (ALS)  a  rare 
progressive  neurologic  disorder  characterized 
by loss of motor neurons and by weakness and 
atrophy of the muscles of the hands, forearms, 
and legs, spreading to involve most of the body 
and face.

anaphylactic shock  an acute and life-threaten-
ing hypersensitivity (allergic) reaction to a sen-
sitizing  substance,  such  as  a  drug,  chemical, 
vaccine, food, or insect venom.

aneurysm  congenital  or  acquired  weakness  of 
the  arterial  wall  resulting  in  dilation  and  bal-
looning of the vessel.

angina  chest pain that is a clinical manifestation 
of reversible myocardial ischemia.

ankylosing spondylitis  a  chronic  inflamma-
tory  disease  that  primarily  affects  the  axial  
skeleton,  including  the  sacroiliac  joints,  inter-
vertebral disc spaces, and costovertebral articu-
lations.

ankylosis  stiffness or fixation of a joint usually 
resulting from destruction of articular cartilage 
and subchondral bone.

aortic dissection  the  result  of  a  tear  in  the 
intimal  (innermost)  lining  of  the  arterial  wall 
that  allows  blood  to  enter  between  the  intima 
and media, thus creating a false lumen.

aphasia  an  abnormal  neurologic  condition  in 
which language function is disordered or absent 
because of an injury to certain areas of the cere-
bral cortex.

aplastic anemia  a disease with a deficiency of 
all of the formed elements of blood (specifically 
red blood cells, white blood cells, and platelets), 
representing  a  failure  of  the  cell-generating 
capacity of bone marrow.

appendicitis  an  inflammation  of  the  appendix 
that,  if  undiagnosed,  leads  rapidly  to  perfora-
tion and peritonitis.

arterial blood pressure  a measure of the pres-
sure  exerted  by  blood  against  the  walls  of  the 
arterial system.

arteriovenous fistula (AVF)  type  of  vascular 
access created most commonly  in  the  forearm 
with an anastomosis between an artery (usually 
radial or ulnar) and a vein (usually cephalic).

arteriovenous grafts (AVGs)  fistula  made  of 
synthetic  materials  that  forms  a  “bridge”  be-
tween the arterial and venous blood supplies.

arthritis  inflammation of a joint; most prevalent 
types  are  osteoarthritis,  rheumatoid  arthritis, 
and gout.

arthrocentesis  incision  or  puncture  of  joint 
capsule  to  obtain  samples  of  synovial  fluid  
from  within  joint  cavity  or  to  remove  excess 
fluid.

arthrodesis  the surgical fusion of a joint.
arthroplasty  surgical reconstruction or replace-

ment of a joint.
arthroscopy  insertion of an arthroscope into a 

joint for visualization or surgery.
ascites  an abnormal intraperitoneal accumula-

tion  of  a  fluid  containing  large  amounts  of 
protein  and  electrolytes  as  a  result  of  portal 
hypertension.

asterixis  flapping tremor (liver flap) commonly 
affecting the arms and hands that is a manifes-
tation of hepatic encephalopathy.

asthma  a  chronic  inflammatory  lung  disease 
that  results  in  airflow  obstruction;  character-
ized by recurring episodes of paroxysmal dys-
pnea,  wheezing  on  expiration,  and/or  inspira-
tion  caused  by  constriction  of  the  bronchi, 
coughing, and viscous mucoid bronchial secre-
tions.

G L O S S A R Y

asystole  represents  the  total  absence  of  ven-
tricular electrical activity.

atelectasis  an  abnormal  condition  character-
ized  by  the  collapse  of  alveoli,  preventing  the 
respiratory  exchange  of  carbon  dioxide  and 
oxygen in a part of the lungs.

atherosclerosis  formation  of  focal  deposits  of 
cholesterol  and  lipids  known  as  atheromas  or 
plaque,  primarily  within  the  intimal  wall  of 
arteries, that obstruct circulation.

atrial fibrillation  a cardiac dysrhythmia charac-
terized by a total disorganization of atrial electri-
cal activity without effective atrial contraction.

atrial flutter  an atrial tachydysrhythmia identi-
fied  by  recurring,  regular,  sawtooth-shaped 
flutter waves.

atrophy  wasting  of  muscle,  characterized  by 
decreased circumference and flabby appearance 
leading to decreased function and tone.

aura  a sensation of light or warmth or other per-
ception that may be a warning of an attack of a 
migraine or an epileptic seizure.

auscultation  the  act  of  listening  for  sounds 
within the body to evaluate the condition of the 
heart, blood vessels, lungs, pleura, intestines, or 
other organs.

autoimmunity  an inappropriate immune reac-
tion to self-proteins.

azotemia  an  accumulation  of  nitrogenous 
waste  products  such  as  blood  urea  nitrogen 
(BUN) and creatinine.

B
bariatric surgery  a surgical procedure used to 

treat severe obesity.
Barrett’s esophagus  a  precancerous  esopha-

geal  disorder  characterized  by  metaplastic  cell 
changes.

basal cell carcinoma  a malignant epithelial cell 
tumor  arising  from  epidermal  basal  cells  that 
begins  as  a  papule  and  enlarges  peripherally, 
developing a central crater  that erodes, crusts, 
and bleeds.

Bell’s palsy  a  disorder  characterized  by  a  dis-
ruption  of  the  motor  branches  of  the  facial 
nerve (cranial nerve [CN] VII) on one side of 
the face in the absence of any other disease such 
as a stroke.

benign prostatic hyperplasia (BPH)  a  non-
malignant,  noninflammatory  enlargement  of 
the prostate gland caused by an increase in the 
number of epithelial cells and stromal tissue.

biologic therapy  treatment  using  biologic 
agents such as interferons, interleukins, mono-
clonal antibodies, and growth factors to modify 
the relationship between the host and tumor.

borborygmi  audible  abdominal  sounds  pro-
duced by hyperactive intestinal peristalsis.

botulism  a  serious  food  poisoning  caused  by 
GI  absorption  of  the  neurotoxin  produced  by 
Clostridium botulinum that results in disturbed 
muscle innervation.

brachytherapy  radiation  delivery  system  that 
means  “closed”  treatment  and  consists  of  the 
implantation or insertion of radioactive materi-
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als directly into the tumor or in close proximity 
to the tumor.

brain abscess  an accumulation of pus within the 
brain tissue that can result from a local or a sys-
temic infection from another source, such as the 
skull, sinuses, or other structures in the head.

brain attack  term used to describe a stroke.
brain death  a clinical diagnosis of an irreversible 

loss of all brain functions, including those of the 
brainstem.

bursitis  inflammation of the bursa.

C
calculus  an  abnormal  stone  formed  in  body 

tissues by an accumulation of mineral salts.
carboxyhemoglobinemia  the  presence  of  car-

boxyhemoglobin  in  the  blood;  occurs  with 
carbon monoxide poisoning.

carcinogens  agents capable of producing cellular 
alterations  leading  to  the  development  or  in-
creasing the incidence of neoplastic growth.

carcinoma in situ  a lesion with all the histologic 
features of cancer except invasion.

cardiac index (CI)  a measure of the cardiac out-
put of a patient per square meter of body surface 
area.

cardiac output (CO)  the  amount  of  blood 
pumped by each ventricle in 1 minute.

cardiac pacemaker  an electronic device used to 
increase  the heart  rate  in severe bradycardia by 
electrically stimulating the heart muscle.

cardiac reserve  the  ability  to  respond  to  de-
mands (exercise, stress, hypovolemia) by altering 
cardiac output threefold or fourfold.

cardiac tamponade  compression  of  the  heart 
produced  by  fluid  accumulation  in  the  pericar-
dial sac.

cardiogenic shock  shock occurring when either 
systolic  or  diastolic  dysfunction  of  the  myocar-
dium results in compromised cardiac output.

cardiomyopathy  a group of diseases that directly 
affect  the  structural  or  functional  ability  of  the 
myocardium.

carpal tunnel syndrome  a condition caused by 
compression  of  the  median  nerve  beneath  the 
transverse  carpal  ligament  within  the  narrow 
confines of the carpal tunnel located in the wrist.

cataract  an  abnormal  progressive  condition  of 
the  lens  of  the  eye  characterized  by  an  opacity 
within the lens.

celiac disease  an  inborn  error  of  metabolism 
characterized by  the  inability  to hydrolyze pep-
tides contained in gluten.

cell-mediated immunity  immunity that is initi-
ated  through  specific  antigen  recognition  by  
T  lymphocytes,  monocytes/macrophages,  and 
natural killer cells.

cellulitis  a diffuse, acute bacterial infection of the 
skin and subcutaneous tissue characterized most 
commonly  by  local  heat,  redness,  pain,  and 
swelling.

central cord syndrome  damage  to  the  central 
spinal cord characterized by microscopic hemor-
rhage, edema of the central spinal cord, and com-
pression on anterior horn cells.

cerebral edema  increased accumulation of fluid 
in  the  extravascular  spaces  of  brain  tissue  that 
can lead to increased intracranial pressure.

chancre  painless indurated lesions found on the 
penis,  vulva,  lips,  mouth,  vagina,  and  rectum 
characteristic of syphilis.

cheilosis  a disorder of the lips and mouth char-
acterized by bilateral scales and fissures, resulting 
from a deficiency of riboflavin in the diet.

chemotherapy  the  treatment  of  disease  with 
chemical agents.

Cheyne-Stokes respiration  an abnormal breath-
ing pattern characterized by alternating periods 
of apnea and deep, rapid breathing; usually seen 
as a person nears death.

cholecystitis  inflammation of the gallbladder.
cholelithiasis  stones in the gallbladder.
chronic bronchitis  obstructive  pulmonary  dis-

ease  characterized  by  excessive  production  of 
mucus and chronic inflammatory changes in the 
bronchi.

chronic fatigue syndrome (CFS)  a  disorder 
characterized by debilitating fatigue and a variety 
of associated complaints.

chronic kidney disease (CKD)  the presence of 
kidney  damage  or  decreased  glomerular  filtra-
tion rate for at least 3 months with functional or 
structural  abnormalities,  with  or  without  de-
creased glomerular filtration rate.

chronic kidney disease (CKD) mineral and 
bone disorder  a systemic disorder of mineral 
and bone metabolism due to progressive deterio-
ration in kidney function.

chronic pancreatitis  progressive destruction of 
the pancreas with fibrotic replacement of pancre-
atic tissue.

chronic stable angina  chest  pain  that  occurs 
intermittently over a long period with the same 
pattern of onset, duration, and intensity of symp-
toms.

cirrhosis  chronic progressive disease of the liver 
characterized  by  extensive  degeneration  and 
destruction of the liver parenchymal cells.

cluster headaches  repeated headaches that can 
occur for weeks to months at a time, followed by 
periods of remission.

collateral circulation  development  of  arterial 
branching that occurs within the coronary circu-
lation  when  occlusion  of  the  coronary  arteries 
occurs slowly over a long period.

coma  a profound state of unconsciousness.
community-acquired pneumonia (CAP)  a 

lower  respiratory  tract  infection  of  the  lung 
parenchyma  with  onset  in  the  community  or 
during the first 2 days of hospitalization.

compartment syndrome  a condition  in which 
elevated  intracompartmental  pressure  within  a 
confined myofascial compartment compromises 
the neurovascular function of tissues within that 
space.

complete heart block  third-degree  atrioven-
tricular heart block  in which no  impulses  from 
the atria are conducted to the ventricles.

concussion  a sudden transient mechanical head 
injury, such as a blow or explosion, with disrup-
tion of neural activity and a change in the  level 
of consciousness.

continuous renal replacement therapy (CRRT) 
provides a means by which solutes and fluids can 
be  removed  slowly  and  continuously  in  the 
hemodynamically unstable patient.

contracture  an  abnormal,  usually  permanent 
condition of a joint, characterized by flexion and 
fixation.

contusion  the bruising of the brain tissue within 
a focal area without altering the integrity of the 
pia mater and arachnoid layers.

coronary artery disease (CAD)  an  abnormal 
condition that may affect the heart’s arteries and 
produce various pathologic effects, especially the 
reduced flow of oxygen and nutrients to the myo-
cardium.

cor pulmonale  hypertrophy of  the right side of 
the heart, with or without heart failure, resulting 
from pulmonary hypertension.

crackle  short,  low-pitched  sound  consisting  of 
discontinuous  bubbling  caused  by  air  passing 
through  the  airway  intermittently  occluded  by 
mucus,  an  unstable  bronchial  wall,  or  a  fold  of 
mucosa.

crepitation  crackling sound or grating sensation 
as a result of friction between bones.

cretinism  hypothyroidism  that  develops  in  in-
fancy.

cryosurgery  the use of subfreezing temperatures 
to perform surgery.

curettage  scraping  of  material  from  the  wall  of 
a  cavity  or  other  surface;  performed  to  remove 
tumors  or  other  abnormal  tissue  or  to  obtain 
tissue.

Cushing syndrome  a metabolic disorder result-
ing from the chronic and excessive production of 
cortisol by the adrenal cortex or by the adminis-
tration  of  glucocorticoids  in  large  doses  for 
several weeks or longer.

cystic fibrosis (CF)  an autosomal recessive, mul-
tisystem  disease  characterized  by  altered  func-
tion  of  the  exocrine  glands  involving  primarily 
the lungs, pancreas, and sweat glands.

cystitis  an inflammatory condition of the urinary 
bladder  characterized  by  pain,  urgency,  fre-
quency of urination, and hematuria.

cystocele  herniation or protrusion of the urinary 
bladder through the wall of the vagina, resulting 
from  weakened  connective  tissue  support 
between the vagina and bladder.

D
death rattle  a  sound  produced  by  air  moving 

through  mucus  that  has  accumulated  in  the 
throat of a dying person who has lost the cough 
reflex.

debridement  removal  of  dirt,  foreign  objects, 
damaged  tissue,  and  cellular  debris  from  a 
wound or a burn  to prevent  infection and pro-
mote healing.

deep vein thrombosis (DVT)  a disorder involv-
ing a thrombus in a deep vein; most commonly 
the iliac and femoral veins.

degenerative disc disease (DDD)  progressive 
degeneration  that  is  a  normal  process  of  aging; 
results  in  the  intervertebral  discs  losing  their 
elasticity,  flexibility,  and  shock-absorbing  capa-
bilities.

dehiscence  the separation and disruption of pre-
viously joined wound edges, typically an abdom-
inal incision.

delirium  a  state  of  temporary  but  acute  mental 
confusion.
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dementia  a  syndrome  caused  by  brain  disease, 
evidenced by chronic personality disintegration, 
confusion, memory  impairment, and deteriora-
tion of intellectual capacity and function.

dermatomyositis  a  disease  of  the  connective 
tissues  characterized  by  pruritic  or  eczematous 
inflammation of  the  skin and  tenderness of  the 
muscles.

diabetes insipidus (DI)  a  group  of  conditions 
associated with deficient production or secretion 
of antidiuretic hormone (ADH), or a decreased 
renal  response  to ADH caused by  injury of  the 
neurohypophyseal system.

diabetes mellitus (DM)  a  multisystem  disease 
related to abnormal insulin production, impaired 
insulin utilization, or both.

diabetic ketoacidosis (DKA)  an  acute  meta-
bolic  complication  of  diabetes  occurring  when 
fats  are  metabolized  in  the  absence  of  insulin 
resulting in formation of acid by-products, such 
as ketones.

dialysis  technique  in  which  substances  move 
from the blood through a semipermeable mem-
brane and into a dialysis solution.

diabetic nephropathy  a microvascular compli-
cation  of  diabetes  mellitus  associated  with 
damage to the small blood vessels that supply the 
glomeruli of the kidney.

diabetic neuropathy  nerve  damage  caused  by 
the metabolic derangements associated with dia-
betes mellitus.

dislocation  a  severe  injury  of  the  ligamentous 
structures that surround a  joint resulting in the 
complete displacement or separation of the artic-
ular surfaces of the joint.

disseminated intravascular coagulation (DIC) 
a  grave  coagulopathy  resulting  from  the  over-
stimulation of clotting and anticlotting processes 
in response to disease or injury.

diverticulum  a saccular dilation or outpouching 
of the mucosa through the circular smooth mus-
cle of the intestinal wall.

dysarthria  a  disturbance  in  the  muscular  con-
trol  of  speech  resulting  from  interference  in  
the  control  and  execution  over  the  muscles  of 
speech.

dysmenorrhea  abdominal cramping pain or dis-
comfort associated with menstrual flow.

dyspareunia  abnormal pain during sexual inter-
course.

dysphagia  difficulty swallowing.
dysphasia  difficulty  related  to  the  comprehen-

sion or use of language.
dysplastic nevi  nevi  that  are  larger  than  usual 

with  irregular  borders  and  various  shades  of 
color; also known as atypical moles.

dyspnea  shortness of breath; difficulty breathing 
that may be caused by certain heart or lung con-
ditions, strenuous exercise, or anxiety.

E
ecchymoses  bruising.
ectopic pregnancy  the  implantation of a  fertil-

ized ovum anywhere outside the uterine cavity.
embolic stroke  a  stroke  that  occurs  when  an 

embolus lodges in and occludes a cerebral artery, 
resulting in infarction and edema of the area sup-
plied by the involved vessel.

emergence delirium  a  neurologic  alteration  in 
recovery from anesthesia that can include behav-
iors  such  as  restlessness,  agitation,  disorienta-
tion, thrashing, and shouting.

emphysema  an abnormal condition of  the pul-
monary  system  characterized  by  overinflation 
and destructive changes in alveolar walls.

empyema  an accumulation of purulent exudates 
in a body cavity, especially the pleural space, that 
results from bacterial infection, such as pleurisy 
or tuberculosis.

encephalitis  an acute inflammation of the brain 
usually caused by a virus.

endometriosis  the presence of normal endome-
trial  tissue  in  sites  outside  the  endometrial  
cavity.

endoscopy  the  direct  visualization  of  a  body 
structure through a lighted instrument (scope).

endotracheal intubation  artificial airway created 
by inserting a tube into the trachea through the 
mouth or nose, past the larynx, and bypassing the 
upper airway and laryngeal structures.

enteral nutrition (EN)  the  administration  of  a 
nutritionally balanced, liquefied food or formula 
through a  tube  inserted  into  the stomach, duo-
denum, or jejunum.

epididymitis  acute  or  chronic  inflammation  of 
the  epididymis,  usually  secondary  to  an  infec-
tious process, trauma, or urinary reflux down the 
vas deferens.

epidural block  injection of a local anesthetic into 
the epidural  (extradural)  space by either a  tho-
racic or lumbar approach.

epidural hematoma  collection of blood between 
the dura and inner surface of the skull, produc-
ing  compression  of  the  dura  mater  and  thus  of 
the brain.

epilepsy  a condition in which a person has spon-
taneously recurring seizures caused by a chronic 
underlying condition.

epistaxis  nosebleed.
erectile dysfunction (ED)  the inability to attain 

or  maintain  an  erect  penis  that  allows  satisfac-
tory sexual performance.

erythema  redness or inflammation of the skin or 
mucous membranes that result from dilation and 
congestion of superficial capillaries.

escharotomy  incisions into necrotic tissue from 
a severe burn performed when eschar formation 
compromises circulation.

esophageal diverticulum  saclike  outpouching 
of one or more layers of the esophagus.

esophageal speech  a method of swallowing air, 
trapping it  in the esophagus, and releasing it  to 
create sound.

esophageal varices  distended, tortuous, fragile 
veins  at  the  lower  end  of  the  esophagus  that 
result from portal hypertension.

esophagitis  inflammation of the mucosal lining 
of  the  esophagus  caused  by  infection,  irritation 
from  a  nasogastric  tube,  or,  most  commonly, 
backflow of gastric juice from the stomach.

evisceration  the  separation  and  disruption  of 
previously joined wound edges to the extent that 
an  internal  organ,  typically  intestinal  contents, 
protrudes through the wound.

excision and grafting  procedure during which 
eschar  is  removed  down  to  the  subcutaneous 

tissue  or  fascia,  depending  on  the  degree  of 
injury;  a  graft  is  then  placed  on  clean,  viable 
tissue to achieve good adherence.

exophthalmos  protrusion  of  the  eyeballs  from 
the  orbits  caused  by  increased  fat  deposits  and 
fluid in the retroorbital tissues.

external otitis  inflammation or infection of the 
epithelium of the auricle and ear canal.

F
fat embolism syndrome (FES)  embolization of 

fat globules that occurs in a small percentage of 
patients with fractures.

fibrinolysis  a  continual  process  resulting  in  the 
dissolution of fibrin to maintain blood in its fluid 
form.

fibroadenoma  a  small,  painless,  round,  well-
delineated,  mobile  benign  breast  tumor  com-
monly found in young women.

fibrocystic changes  a  benign  condition  of  the 
breasts  characterized  by  development  of  excess 
fibrous tissue, hyperplasia of the epithelial lining 
of  the  mammary  ducts,  proliferation  of  mam-
mary ducts, and cyst formation.

fibromyalgia  a chronic disorder characterized by 
widespread,  nonarticular  musculoskeletal  pain 
and fatigue with multiple tender points.

flail chest  instability  of  the  chest  wall  resulting 
from multiple rib fractures.

focal seizures  seizures  that  begin  in  a  specific 
region of the cortex and may be confined to one 
side of  the brain and  remain partial or  focal  in 
nature, or they may spread to involve the entire 
brain.

fracture  a  disruption  or  break  in  the  continuity 
of the structure of bone.

fremitus  vibration of the chest wall produced by 
vocalization.

frontotemporal lobar degeneration (FTLD)  a 
rare  disorder  caused  by  shrinking  frontal  and 
temporal lobes of the brain; characterized by dis-
turbances  in  behavior,  sleep,  personality,  and 
eventually memory.

frostbite  freezing that results in the formation of 
ice crystals in the tissues and cells.

full-thickness burn  destruction  of  all  skin  ele-
ments  and  subcutaneous  tissues  with  possible 
involvement of muscles, tendons, and bones.

G
galactorrhea  a  milky  secretion  from  the  nipple 

caused by inappropriate lactation.
gastritis  inflammation of the gastric mucosa.
gastroenteritis  an  inflammation  of  the  mucosa 

of the stomach and small intestine.
gastroesophageal reflux disease (GERD)  any 

clinically  significant  symptomatic  condition  or 
histopathologic  alteration  presumed  to  be  sec-
ondary to reflux of gastric contents into the lower 
esophagus.

generalized seizures  seizures  characterized  by 
bilateral  synchronous  epileptic  discharge  in  the 
brain with loss of consciousness for a few seconds 
to several minutes.

genital herpes  a  sexually  transmitted  infection 
caused by the herpes simplex virus type 2 (HSV-
2),  resulting  in painful genital or anal vesicular 
lesions.
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Glasgow Coma Scale  assessment  tool  for  al-
tered states of consciousness that evaluates mo-
tor responses, verbal responses, and eye opening.

glaucoma  a group of disorders characterized by 
(1) increased intraocular pressure and the conse-
quences  of  elevated  pressure,  (2)  optic  nerve 
atrophy, and (3) peripheral visual field loss.

glial cells  cells in the central nervous system that 
provide support, nourishment, and protection to 
neurons.

glomerular filtration rate (GFR)  the amount of 
blood filtered by the glomeruli in a given time.

glomerulonephritis  an immune-related inflam-
mation  of  the  glomeruli  characterized  by  pro-
teinuria, hematuria, decreased urine production, 
and edema.

glycemic index  term used to describe the rise in 
blood glucose levels after a person has consumed 
a carbohydrate-containing food.

goiter  enlargement of the thyroid gland that may 
be  associated  with  hyperthyroidism,  hypothy-
roidism, or normal thyroid function.

gonorrhea  infection of the genitalia, the rectum, 
and/or the oropharynx by Neisseria gonorrhoeae, 
which, if left untreated, leads to the formation of 
fibrous tissue and adhesions.

Goodpasture syndrome  an  example  of  cyto-
toxic  autoimmune  disease  characterized  by  the 
presence  of  circulating  antibodies  against  the 
glomerular  basement  membrane  and  alveolar 
basement membrane.

gout  recurrent  attacks  of  acute  arthritis  associ-
ated with increased levels of serum uric acid.

Guillain-Barré syndrome  an  acute,  rapidly 
progressing,  and  potentially  fatal  form  of  poly-
neuritis  possibly  caused  by  a  cell-mediated 
immunologic  reaction  directed  at  the  periph-
eral nerves.

gynecomastia  a transient enlargement of one or 
both breasts in men.

H
heat cramps  severe  cramps  in  large  muscle 

groups  caused  by  depletion  of  both  water  and 
salt;  usually  follow  vigorous  exertion  in  an 
extremely hot environment.

heat exhaustion  a clinical syndrome character-
ized by fatigue, light-headedness, nausea, vomit-
ing,  diarrhea,  and  feelings  of  impending  doom 
precipitated by prolonged exposure to heat over 
hours or days.

heatstroke  the most serious form of heat stress; 
results from failure of the central thermoregula-
tory  mechanisms  and  is  considered  a  medical 
emergency.

heaves  sustained lifts of the chest wall in the pre-
cordial area that can be seen or palpated.

hematemesis  vomiting  of  blood  that  indicates 
bleeding in the upper GI tract.

hemochromatosis  an  autosomal  recessive  dis-
ease  characterized  by  increased  intestinal  iron 
absorption and, as a result, increased tissue iron 
deposition.

hemodialysis (HD)  dialysis that uses an artificial 
membrane  as  the  semipermeable  membrane 
through which the patient’s blood circulates.

hemolytic anemia  an anemia caused by destruc-
tion of RBCs at a rate that exceeds production.

hemophilia  hereditary bleeding disorders caused 
by defective or deficient clotting factors.

hemorrhagic stroke  a  stroke  that  results  from 
bleeding  into  the  brain  tissue  itself  or  into  the 
subarachnoid space or ventricles.

hemorrhoids  varicosities in the lower rectum or 
anus  caused  by  congestion  in  the  veins  of  the 
hemorrhoidal plexus.

hemothorax  accumulation of blood in the pleu-
ral space.

hepatic encephalopathy  changes in neurologic 
and mental function resulting from high levels of 
ammonia  in  the  blood  that  a  damaged  liver 
cannot detoxify.

hepatitis  inflammation of the liver.
hepatorenal syndrome  a  serious  complication 

of  cirrhosis  characterized  by  functional  renal 
failure  with  advancing  azotemia,  oliguria,  and 
intractable ascites.

hernia  a protrusion of a viscus through an abnor-
mal  opening  or  a  weakened  area  in  the  wall  of 
the cavity in which it is normally contained.

herniated disc  herniation  of  nuclear  material 
from  the  intervertebral  disc  that  may  compress 
or place tension on a cervical,  lumbar, or sacral 
spinal nerve root.

hiatal hernia  herniation  of  a  portion  of  the 
stomach into the esophagus through an opening, 
or hiatus, in the diaphragm.

histologic grading  a categorization of tumors in 
which the appearance of cells and the degree of 
differentiation are evaluated pathologically.

Hodgkin’s lymphoma  a  malignant  condition 
characterized by proliferation of abnormal giant, 
multinucleated cells,  called Reed-Sternberg cells, 
which are located in lymph nodes.

hordeolum  an infection of the sebaceous glands 
in  the  eyelid  margin;  commonly  known  as  a  
sty.

hospice  a  concept  of  care  that  provides  com-
passion,  concern,  and  support  for  the  dying 
person.

human immunodeficiency virus (HIV)  a retro-
virus  that  causes  HIV  infection  and  acquired 
immunodeficiency syndrome.

human leukocyte antigens (HLAs)  a  system 
consisting of a series of  linked genes that occur 
together  on  the  sixth  chromosome  in  humans 
and that is used to assess tissue compatibility.

humoral immunity  antibody-mediated  immu-
nity.

Huntington’s disease  a genetically transmitted, 
autosomal  dominant  disorder  that  affects  both 
men and women of all races and is characterized 
by  chronic,  devastating  loss  of  all  neurologic 
function, resulting in dementia.

hydronephrosis  dilation  or  enlargement  of  the 
renal pelvis and calyces resulting from obstruc-
tion in the lower urinary tract with backflow of 
urine to the kidney.

hydrostatic pressure  the force that fluid exerts 
within a compartment.

hydroureter  dilation  of  the  renal  pelvis  due  to 
backflow of urine.

hyperaldosteronism  excessive  aldosterone  se-
cretion  caused  by  an  adenoma  of  the  adrenal 
zona  glomerulosa  or  bilateral  adrenal  hyper-
plasia.

hypercapnia  greater  than  normal  amounts  of 
carbon  dioxide  in  the  blood;  also  called  hyper-
carbia.

hypercapnic respiratory failure  a condition in 
which  the  PaCO2  is  above  normal  in  combina-
tion with acidemia.

hyperopia  farsightedness  or  the  inability  of  the 
eye to focus on nearby objects.

hyperosmolar hyperglycemic syndrome (HHS) 
a life-threatening syndrome that can occur in the 
patient  with  diabetes  who  is  able  to  produce 
enough  insulin  to  prevent  diabetic  ketoacidosis 
but not enough to prevent severe hyperglycemia, 
osmotic  diuresis,  and  extracellular  fluid  deple-
tion.

hyperparathyroidism  a condition involving in-
creased secretion of parathyroid hormone result-
ing in increased serum calcium levels.

hypertension  a common disorder characterized 
by sustained elevation of blood pressure.

hypertensive crisis  a  severe  and  abrupt  eleva-
tion in blood pressure.

hyperthyroidism  a  clinical  syndrome  in  which 
there is a sustained increase in the synthesis and 
release of thyroid hormones by the thyroid gland.

hypertonic  a  solution  that  increases  the  degree 
of  osmotic  pressure  on  a  semipermeable  mem-
brane.

hypertrophic scar  an inappropriately large, red, 
raised, and hard scar that occurs when the body 
produces excess collagen tissue.

hypoparathyroidism  a condition of insufficient 
secretion of the parathyroid glands.

hypopituitarism  a  rare  disorder  that  involves  a 
decrease  in  one  or  more  of  the  pituitary  hor-
mones  and  marked  by  excessive  deposits  of  fat 
and  persistence  or  acquisition  of  adolescent 
characteristics.

hypothermia  a core temperature <95° F (35° C) 
that  occurs  when  heat  produced  by  the  body 
cannot compensate for heat lost to the environ-
ment.

hypothyroidism  insufficient  circulation  of  thy-
roid hormones resulting in a hypometabolic state.

hypotonic  a solution that has a lower concentra-
tion of solute than another solution, thus exert-
ing  less  osmotic  pressure  on  a  semipermeable 
membrane.

hypoxemia  low  oxygen  tension  in  the  blood 
characterized by a variety of nonspecific clinical 
signs and symptoms.

hypoxemic respiratory failure  a  condition  in 
which  the  PaO2  is  60 mm Hg  or  less  when  the 
patient  is  receiving an  inspired oxygen concen-
tration of 60% or greater.

hypoxia  the  state  in  which  the  PaO2  has  fallen 
sufficiently to cause signs and symptoms of inad-
equate oxygenation.

hysterectomy  surgical removal of the uterus.

I
ileal conduit  urinary  diversion  procedure  in 

which ureters are implanted into a part of the il-
eum or colon that has been resected from the in-
testinal tract and an abdominal stoma is created.

impaired fasting glucose (IFG)  an intermediate 
stage  between  normal  glucose  homeostasis  and 
diabetes.
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impaired glucose tolerance (IGT)  an interme-
diate  stage  between  normal  glucose  homeosta-
sis  and  diabetes  where  the  blood  glucose  
level  is  140 mg/dL  (7.8 mmol/L)  to  199 mg/dL 
(11 mmol/L) 2 hours after a meal.

infective endocarditis  an infection of the endo-
cardial surface of the heart.

infertility  the  inability  to  achieve  a  pregnancy 
after at least 1 year of regular intercourse without 
contraception.

inflammatory bowel disease (IBD)  chronic, 
recurrent inflammatory diseases of the intestinal 
tract  that  include  ulcerative  colitis  and  Crohn’s 
disease.

insulin resistance  a  condition  in  which  body 
tissues do not respond to the action of insulin.

intensive insulin therapy  multiple  daily  in-
sulin  injections  together  with  frequent  self-
monitoring of blood glucose.

intermittent claudication  ischemic muscle ache 
or pain precipitated by a consistent level of exer-
cise, resolves within 10 minutes or less with rest, 
and is reproducible.

interstitial cystitis  chronic,  painful  inflamma-
tory  disease  of  the  bladder  probably  associated 
with an autoimmune or allergic response.

intraaortic balloon pump (IABP)  a  temporary 
circulatory  assist  device  used  to  enhance  the 
function  of  a  compromised  heart  by  reducing 
afterload  and  augmenting  the  aortic  diastolic 
pressure.

intracerebral hematoma  collection  of  blood 
within  the  parenchyma  of  the  brain,  possibly 
from the rupture of an intracerebral vessel at the 
time of a head injury.

intracerebral hemorrhage  a  type  of  hemor-
rhagic stroke in which bleeding within the brain 
is caused by a rupture of a blood vessel.

intracranial pressure  the hydrostatic force mea-
sured  in  the brain cerebrospinal fluid compart-
ment.

intravenous pyelogram (IVP)  a  diagnostic 
study  using  an  IV  contrast  medium  excreted 
through  the  urinary  system;  used  to  examine  
the  structure  and  function  of  the  urinary  
system.

iron-deficiency anemia  a microcytic hypochro-
mic  anemia  caused  by  inadequate  supplies  of 
iron  needed  to  synthesize  hemoglobin;  charac-
terized by pallor, fatigue, and weakness.

irritable bowel syndrome (IBS)  a  symptom 
complex  characterized  by  intermittent  and 
recurrent  abdominal  pain  associated  with  an 
alteration in bowel function (diarrhea or consti-
pation).

ischemic stroke  a stroke that results from inad-
equate blood flow to the brain due to partial or 
complete occlusion of an artery.

isometric contractions  muscular  contraction 
that  increases  tension  but  does  not  produce 
movement.

isotonic contractions  muscular  contraction 
with shortening that produces movement.

J
jaundice  a symptom of yellowish discoloration of 

body tissues that results from an increased con-
centration of bilirubin in the blood.

jaw-thrust maneuver  a technique used to main-
tain an open airway that should be used in emer-
gency situations.

K
keloid  an overgrowth of collagenous scar tissue at 

the site of a skin injury, particularly a wound or 
a  surgical  incision;  the  new  tissue  is  elevated, 
rounded, and firm.

keratinocytes  cells  synthesized  from  epidermal 
cells  in  the basal  layer;  the cells produce a  spe-
cialized protein, keratin, that is vital to the pro-
tective barrier function of the skin.

keratitis  an  inflammation  or  infection  of  the 
cornea; may be caused by a variety of microor-
ganisms or by other factors.

Korotkoff sounds  sounds  heard  during  the 
taking of a blood pressure reading using a sphyg-
momanometer and stethoscope.

Korsakoff’s psychosis  a form of amnesia often 
seen in people with chronic alcoholism; charac-
terized  by  loss  of  short-term  memory  and  an 
inability to learn.

Kupffer cells  a type of macrophage found in the 
liver  that  removes bacteria and  toxins  from the 
blood.

kyphosis  anterior-posterior  or  forward  bending 
of  spine  with  convexity  of  curve  in  posterior 
direction.

L
lactase deficiency  an  inherited  abnormality  in 

which  the  amount  of  the  digestive  enzyme 
lactase is inadequate for the normal digestion of 
milk products, resulting in the inability to digest 
lactose.

lacunar stroke  a stroke resulting from occlusion 
of  a  small penetrating artery with development 
of  a  cavity  in  the  place  of  the  infarcted  brain 
tissue.

leiomyoma  a benign smooth muscle tumor that 
occurs  most  commonly  within  the  uterus, 
stomach,  esophagus,  or  small  intestine;  uterine 
fibroid.

leukemia  a broad term given to a group of malig-
nant  diseases  characterized  by  diffuse  replace-
ment of bone marrow with proliferating  leuko-
cyte precursors.

leukopenia  an abnormal decrease in the number 
of total white blood cells to <4000/µL.

lichenification  the  thickening  of  the  skin  as  a 
result  of  proliferation  of  keratinocytes  with  ac-
centuation  of  the  normal  markings  of  the  skin 
often caused by repeated scratching of a pruritic 
lesion.

lithotripsy  the use of sound waves to break renal 
stones into small particles that can be eliminated 
from the urinary tract.

lordosis  lumbar  spinal  deformity  resulting  in 
anterior-posterior  curvature  with  concavity  in 
posterior direction.

lumpectomy  breast  conserving  surgery  that  in-
volves the removal of the entire tumor along with 
a margin of normal tissue.

lung abscess  a pus-containing lesion of the lung 
parenchyma  that  results  in  a  cavity  formed  by 
necrosis of lung tissue.

Lyme disease  a spirochetal  infection caused by 
Borrelia burgdorferi and transmitted by  the bite 
of  an  infected  deer  tick;  characterized  by  fever, 
chills,  headache,  stiff  neck,  and  migratory  joint 
and muscle pain.

lymphedema  accumulation  of  lymph  in  soft 
tissue  with  swelling  resulting  from  inflamma-
tion, obstruction, or removal of lymph channels 
and nodes.

lymphomas  malignant neoplasms originating in 
the  bone  marrow  and  lymphatic  structures 
resulting in the proliferation of lymphocytes.

M
malabsorption syndrome  a  complex of  symp-

toms  resulting  from  disorders  in  the  intestinal 
absorption  of  nutrients,  characterized  by  an-
orexia, weight  loss,  abdominal bloating, muscle 
cramps, bone pain, and steatorrhea.

malignant hyperthermia  a  rare  genetic  meta-
bolic disease characterized by hyperthermia with 
rigidity  of  skeletal  muscles  that  can  result  in 
death.

malignant melanoma  a  tumor  arising  in  cells 
producing  melanin,  usually  the  melanocytes  of 
the skin.

malignant neoplasm  a  tumor  that  tends  to 
grow,  invade,  and  metastasize;  usually  has  an 
irregular  shape  and  is  composed  of  poorly  dif-
ferentiated cells.

Mallory-Weiss tear  a  tear  that  occurs  in  the 
esophageal mucosa at the junction of the esoph-
agus and stomach, caused by severe retching and 
vomiting and results in severe bleeding.

mammoplasty  a change  in  the size or  shape of 
the breast due to surgery.

mass casualty incident  a  human-caused  (e.g., 
biologic  warfare)  or  natural  (e.g.,  hurricane) 
event or disaster that overwhelms a community’s 
ability to respond with existing resources.

mastalgia  breast pain; can be caused by conges-
tion or “caking” during lactation, an infection, or 
fibrocystic  disease,  especially  during  or  before 
menstruation, or in advanced cancer.

mastectomy  surgical removal of the breast.
mastitis  an inflammatory condition of the breast 

that occurs most frequently in lactating women, 
caused by streptococcal or staphylococcal infec-
tion.

mean arterial pressure (MAP)  a  calculated 
average of systolic and diastolic blood pressures; 
calculated by adding the diastolic pressure to one 
third of the pulse pressure.

medical care–associated pneumonia (MCAP) 
pneumonia  occurring  48  hours  or  longer  after 
hospital  admission  and  not  incubating  at  the 
time of hospitalization.

megaloblastic anemias  a  group  of  disorders 
caused by impaired DNA synthesis and charac-
terized by the presence of large red blood cells.

melena  black,  tarry  stools  that  indicate  slow 
bleeding from an upper GI source.

menarche  the  first  episode  of  menstrual  bleed-
ing; indicates female has reached puberty.

Ménière’s disease  a  disease  characterized  by 
symptoms caused by inner ear disease including 
episodic  vertigo,  tinnitus,  fluctuating  sensori-
neural hearing loss, and aural fullness.
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meningitis  an  acute  inflammation  of  the  pia 
mater and the arachnoid membrane surrounding 
the brain and the spinal cord.

menopause  the physiologic cessation of menses 
associated with declining ovarian function.

metabolic equivalent (MET)  a unit of measure-
ment  of  heat  production  by  the  body;  used  to 
determine the energy costs of various exercises.

metabolic syndrome  a collection of risk factors 
that  increase an  individual’s chance of develop-
ing cardiovascular disease and diabetes mellitus.

metastasis  the  spread  of  the  cancer  from  the 
initial or primary site to a distant site.

migraine headache  a recurring headache char-
acterized by unilateral or bilateral throbbing pain 
and a triggering event or factor; can occur with 
and without an aura.

mild cognitive impairment (MCI)  a  state  of 
cognition and functional ability between normal 
aging and early Alzheimer’s disease.

mixed dementia  presentation  of  two  or  more 
types of dementia simultaneously.

mitral valve prolapse (MVP)  a  structural 
abnormality  of  the  mitral  valve  leaflets  and  the 
papillary muscles or chordae that allows the leaf-
lets  to  prolapse,  or  buckle,  back  into  the  left 
atrium during ventricular systole.

multiple myeloma  a condition in which malig-
nant  neoplastic  plasma  cells  infiltrate  the  bone 
marrow and destroy bone.

multiple organ dysfunction syndrome (MODS) 
the failure of more than one organ system in an 
acutely  ill patient such that homeostasis cannot 
be maintained without intervention.

multiple sclerosis (MS)  a chronic, progressive, 
degenerative  disorder  of  the  central  nervous 
system  characterized  by  disseminated  demye-
lination  of  nerve  fibers  of  the  brain  and  spinal 
cord.

murmur  a gentle blowing, fluttering, or humming 
sound  heard  on  auscultation  and  produced  by 
turbulent  blood  flow  through  the  heart  or  the 
walls of large arteries.

muscular dystrophy (MD)  a  group  of  geneti-
cally  transmitted diseases characterized by pro-
gressive  symmetric  wasting  of  skeletal  muscle 
without evidence of neurologic involvement.

myasthenia gravis (MG)  an  autoimmune  dis-
ease  of  the  neuromuscular  junction  character-
ized  by  the  fluctuating  weakness  of  certain 
skeletal muscle groups.

myasthenic crisis  an acute exacerbation of my-
asthenia  gravis  triggered  by  infection,  surgery, 
emotional  distress,  or  overdose  or  inadequate 
medication.

myelodysplastic syndrome (MDS)  a group of 
related hematologic disorders characterized by a 
change  in  the  quantity  and  quality  of  bone 
marrow elements.

myocardial infarction (MI)  an  irreversible  car-
diac cellular death caused by sustained myocar-
dial ischemia.

myocarditis  a  focal  or  diffuse  inflammation  of 
the myocardium.

myopia  nearsightedness  or  the  inability  of  the 
eye to focus on objects far away.

myxedema  the  progression  of  the  mental  slug-
gishness,  drowsiness,  and  lethargy  of  hypothy-

roidism to a notable impairment of consciousness 
or coma that is a medical emergency.

N
nadir  the  lowest  point,  such  as  the  blood  cell 

count  after  it  has  been  depressed  by  chemo-
therapy.

narcolepsy  a chronic neurologic disorder caused 
by  the  brain’s  inability  to  regulate  sleep-wake 
cycles normally; results in fleeting urges to sleep 
throughout the day.

nasal polyps  benign mucous membrane masses 
that form slowly in response to repeated inflam-
mation of the sinus or nasal mucosa and project 
into the nasal cavity.

nephrolithiasis  the  formation  of  stones  in  the 
urinary tract.

nephrosclerosis  a vascular disease of the kidney 
characterized  by  sclerosis  of  the  small  arteries 
and  arterioles  of  the  kidney  resulting  in  renal 
tissue necrosis.

nephrotic syndrome  an abnormal condition of 
the  kidney  characterized  by  peripheral  edema, 
massive proteinuria, hyperlipidemia,  and hypo-
albuminemia.

neurofibrillary tangles  tangled bundles of fibers 
seen  in  the  cytoplasm  of  abnormal  neurons  in 
those  areas  of  the  brain  most  affected  by 
Alzheimer’s disease.

neurogenic bladder  any  type  of  bladder  dys-
function  related  to  abnormal  or  absent  bladder 
innervation  caused  by  a  lesion  of  the  nervous 
system.

neurogenic bowel  loss of voluntary neurologic 
control over the bowel.

neurogenic shock  neurologic syndrome caused 
by  the  loss  of  vasomotor  tone  caused  by  spinal 
cord injury at the fifth thoracic (T5) vertebra or 
above and characterized by hypotension, brady-
cardia, and warm, dry extremities.

neuropathic pain  pain  caused  by  damage  to 
nerve cells or changes in spinal cord processing 
of nervous system input.

neurosyphilis  an  infection  of  any  part  of  the 
nervous system by the organism Treponema pal-
lidum.

neutropenia  an abnormal reduction of the neu-
trophil count to <1000/µL.

nociception  activation  of  the  primary  afferent 
nerves with peripheral terminals that respond to 
noxious stimuli.

nociceptive pain  pain  caused  by  damage  to 
somatic  or  visceral  tissue;  occurs  abruptly  after 
an injury or disease, persists until healing occurs, 
and often is intensified by anxiety or fear.

nonalcoholic fatty liver disease (NAFLD)  a 
group of disorders characterized by hepatic ste-
atosis (accumulation of fat in the liver) and is not 
associated  with  other  causes  such  as  hepatitis, 
autoimmune disease, or consumption of alcohol.

normal pressure hydrocephalus  an  uncom-
mon disorder characterized by an obstruction in 
the flow of cerebrospinal fluid; causes a buildup 
of this fluid in the brain.

nuchal rigidity  resistance to flexion of the neck.
nulliparous  never having given birth.
nystagmus  an abnormal,  involuntary, repetitive 

movement of the eyes.

O
O2 toxicity  a  condition  of  oxygen  overdosage 

caused by prolonged exposure to a high level of 
oxygen.

obese  the  classification  used  to  describe  indi-
viduals with body mass index values ≥30 kg/m2.

obstructive shock  develops  when  a  physical 
obstruction of blood flow occurs with decreased 
cardiac output.

obstructive sleep apnea (OSA)  a  condition 
characterized  by  partial  or  complete  upper 
airway obstruction during sleep.

oliguria  producing  <400 mL  of  urine  in  24 
hour.

oncogenes  potentially cancer-inducing genes.
oncotic pressure  the  osmotic  pressure  of  a 

colloid in solution.
orchitis  an acute inflammation of the testis.
orthostatic hypotension  abnormally low blood 

pressure occurring when an individual suddenly 
assumes a standing position.

osteoarthritis  a  slowly  progressive,  noninflam-
matory  disorder  of  the  diarthrodial  (synovial) 
joints.

osteochondroma  primary  benign  bone  tumor 
characterized  by  an  overgrowth  of  cartilage  
and bone near the end of the bone at the growth 
plate.

osteomalacia  a  rare  condition  of  adult  bones 
associated with vitamin D deficiency, resulting in 
decalcification and softening of bone.

osteomyelitis  a  severe  infection  of  the  bone, 
bone marrow, and surrounding soft tissue.

osteon  cylindrical-shaped  structural  units  that 
fit  closely  together  in  compact  bone,  creating  a 
dense bone structure.

osteopenia  bone  loss  that  is more  than normal 
(a T-score between −1 and −2.5), but not yet at 
the level for a diagnosis of osteoporosis.

osteoporosis  a  metabolic  bone  disease  charac-
terized by low bone mass and structural deterio-
ration of bone tissue,  leading to increased bone 
fragility and pathologic fractures.

osteosarcoma  a  primary  bone  tumor  that  is 
extremely aggressive and rapidly metastasizes to 
distant  sites;  usually  occurs  in  the  metaphyseal 
region of the long bones of the extremities.

osteotomy  removing or adding a wedge or slice 
of bone to change its alignment and shift weight 
bearing, thereby correcting deformity and reliev-
ing pain.

ostomy  a surgical procedure in which an opening 
is  made  to  allow  the  passage  of  urine  from  the 
bladder  or  intestinal  contents  from  the  bowel 
through an  incision or stoma surgically created 
in the wall of the abdomen.

otosclerosis  a  hereditary  condition  in  which 
irregular ossification occurring on the  footplate 
of  the  stapes  in  the  oval  window  results  in 
decreased hearing acuity.

P
Paget’s disease of the bone  a  skeletal  bone 

disorder in which there is excessive bone resorp-
tion followed by replacement of normal marrow 
by  vascular,  fibrous  connective  tissue  and  new 
bone that is larger, disorganized, and weaker.
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Paget’s disease of the breast  a  breast  malig-
nancy characterized by a persistent lesion of the 
nipple  and  areola  with  or  without  a  palpable 
mass.

palliative care  an  approach  that  improves  the 
quality of life of patients and their families who 
face  problems  associated  with  life-threatening 
illness.

palpation  a  physical  examination  technique  in 
which  the examiner  feels  the  texture,  size,  con-
sistency, and location of certain body parts with 
the hands.

pancytopenia  a marked decrease in the number 
of red blood cells, white blood cells, and platelets.

paracentesis  a procedure in which fluid is with-
drawn from a cavity of the body.

paralytic ileus  the lack of intestinal peristalsis.
paraplegia  paralysis  characterized  by  motor 

and/or sensory loss in the lower limbs and trunk.
parasomnias  unusual and often undesirable be-

haviors  that occur with  sleep or during arousal 
from sleep,  such as enuresis  (bed-wetting), hal-
lucinations, and eating.

parenteral nutrition (PN)  the administration of 
nutrients  by  a  route  (e.g.,  bloodstream)  other 
than the GI tract.

Parkinson’s disease (PD)  a disease of the basal 
ganglia characterized by a  slowing down  in  the 
initiation and execution of movement, increased 
muscle  tone  tremor  at  rest,  and  impaired  pos-
tural reflexes.

paroxysmal nocturnal dyspnea (PND)  sudden 
attacks  of  respiratory  distress  that  awaken  the 
sleeper, usually after  several hours of  sleep  in a 
reclining position.

partial-thickness burn  varying  degrees  of  epi-
dermal  and  dermal  skin  injury  in  which  some 
skin elements remain viable for regeneration.

pelvic inflammatory disease (PID)  an  infec-
tious  condition  of  the  pelvic  cavity  that  may 
involve  infection of  the  fallopian tubes, ovaries, 
and pelvic peritoneum.

peptic ulcer disease (PUD)  erosion  of  the  GI 
mucosa that results from the digestive action of 
HCl acid and pepsin.

percussion  a physical examination technique in 
which the examiner taps the body with the fin-
gertips or fist.

percutaneous coronary intervention (PCI)  a 
common  intervention  for  coronary  artery 
disease  in  which  a  catheter  equipped  with  an 
inflatable balloon tip is inserted into a narrowed 
coronary artery and the balloon is inflated.

pericardiocentesis  a  procedure  in  which  a  16- 
to 18-gauge needle is inserted into the pericardial 
space to remove fluid for analysis and to relieve 
cardiac pressure.

pericarditis  a condition caused by inflammation 
of the pericardial sac.

perimenopause  a  normal  life  transition  that 
begins with the first signs of change in menstrual 
cycles and ends after cessation of menses.

peripheral artery disease (PAD)  the  progres-
sive narrowing and degeneration of  the arteries 
of the neck, abdomen, and extremities.

peripheral stem cell transplantation  the 
transplantation  of  stem  cells  obtained  from  the 
peripheral  blood  in  an  outpatient  procedure; 

often  takes  more  than  one  procedure  to  obtain 
enough stem cells.

peritoneal dialysis (PD)  dialysis using the peri-
toneal  membrane  as  the  semipermeable  mem-
brane.

peritonitis  the inflammation of the peritoneum.
pernicious anemia  a  progressive  megaloblastic 

macrocytic  anemia  resulting  from  inadequate 
gastric secretion of intrinsic factor necessary for 
absorption of cobalamin.

pertussis  a  highly  contagious  infection  of  the 
lower  respiratory  tract  with  a  gram-negative 
bacillus, Bordetella pertussis.

petechiae  small purplish lesions.
phantom limb sensation  the perception of sen-

sations or pain in an amputated limb.
pharmacogenetics  the study of variability of re-

sponses to drugs due to variations in single genes.
pharmacogenomics  the  study  of  variability  of 

responses to drugs due to variations in and inter-
actions of multiple genes.

pheochromocytoma  a  rare  condition  charac-
terized  by  a  tumor  of  the  adrenal  medulla  that 
produces excessive catecholamines causing per-
sistent or intermittent hypertension.

phimosis  a  constriction  of  the  uncircumcised 
foreskin  around  the  head  of  the  penis  making 
retraction difficult.

pleural effusion  an  abnormal  accumulation  of 
fluid in the intrapleural spaces of the lungs.

pleural friction rub  a creaking or grating sound 
from roughened, inflamed surfaces of the pleura 
rubbing  together,  evident  during  inspiration, 
expiration, or both and no change with cough-
ing.

pleurisy (pleuritis)  inflammation of the pleura.
pneumoconiosis  a  general  term  for  lung  dis-

eases caused by inhalation and retention of dust 
particles.

pneumonia  an acute inflammation of the lungs, 
often  caused  by  inhaled  pneumococci  of  the 
species Streptococcus pneumoniae.

pneumothorax  a  collection  of  air  or  gas  in  the 
pleural space causing the lung to collapse.

point of maximal impulse (PMI)  the site on the 
chest  wall  where  the  thrust  or  pulsation  of  the 
left ventricle is most prominent.

polycystic kidney disease (PKD)  a  genetic 
kidney  disorder  in  which  the  cortex  and  the 
medulla  are  filled  with  thin-walled  cysts  that 
enlarge and destroy surrounding tissue.

polycythemia  an  abnormal  condition  with 
excessive levels of red blood cells.

polymyositis  diffuse,  idiopathic,  inflammatory 
myopathies  of  striated  muscle,  producing  bilat-
eral weakness usually most  severe  in  the proxi-
mal  or  limb-girdle  muscles;  some  forms  of 
polymyositis are associated with malignancy.

portal hypertension  increased venous pressure 
in the portal circulation caused by compression 
and destruction of  the portal  and hepatic veins 
and sinusoids.

positive end-expiratory pressure (PEEP)  a 
ventilatory maneuver in which positive pressure 
is applied to the airway during exhalation.

postural drainage  the  use  of  various  positions 
to promote gravity drainage of bronchial  secre-
tions.

prediabetes  impaired  glucose  tolerance;  occurs 
when  a  2-hour  plasma  glucose  level  is  higher 
than normal but lower than that considered diag-
nostic for diabetes.

prehypertension  a  disorder  characterized  by  a 
systolic blood pressure of 120 to 139 mm Hg and 
a diastolic blood pressure of 80 to 89 mm Hg.

preload  the  volume  of  blood  in  the  ventricles 
at  the  end  of  diastole  before  the  next  contrac-
tion.

premature atrial contraction (PAC)  contrac-
tion  originating  from  an  ectopic  focus  in  the 
atrium in a location other than the sinus node.

premature ventricular contraction (PVC)  a 
contraction originating in an ectopic focus in the 
ventricles.

premenstrual syndrome (PMS)  a  common 
disorder in women in which a group of physical 
and psychologic symptoms occur during the last 
few  days  of  the  menstrual  cycle  and  before  the 
onset of menstruation.

presbycusis  hearing loss associated with aging.
presbyopia  a  hyperopic  shift  to  farsightedness 

resulting from a loss of elasticity of the lens of the 
eye.

pressure ulcer  a localized area of tissue necrosis 
caused  by  unrelieved  pressure  that  occludes 
blood flow to the tissues.

primary hypertension  an  elevated  systemic 
arterial pressure for which no cause can be found 
and  which  is  often  the  only  significant  clinical 
finding.

Prinzmetal’s angina  a variant angina; occurs at 
rest,  usually  in  response  to  reversible,  severe 
spasm of a major coronary artery.

prostatitis  an acute or chronic  inflammation of 
the prostate gland, usually as a result of infection.

pruritus  itching.
psoriasis  a  chronic  skin  disorder  characterized 

by  circumscribed  red  patches  covered  by  thick, 
dry, silvery, adherent scales.

pulmonary edema  an  acute,  life-threatening 
situation in which the lung alveoli become filled 
with  serous  or  serosanguineous  fluid,  caused 
most commonly by heart failure.

pulmonary embolism  a thromboembolic occlu-
sion of the pulmonary vasculature resulting from 
thrombi in the venous circulation or right side of 
the  heart  that  travel  as  emboli  until  lodging  in 
the pulmonary vessels.

pulmonary hypertension  elevated  pulmonary 
pressure  resulting  from  an  increase  in  pulmo-
nary  vascular  resistance  to  blood  flow  through 
small arteries and arterioles.

pulse pressure  the  difference  between  the  sys-
tolic and diastolic pressures.

pursed-lip breathing  a  technique  of  exhaling 
against  pursed  lips  to  prolong  exhalation,  pre-
venting bronchiolar collapse and air trapping.

pyelonephritis  a  diffuse  pyogenic  infection  of 
the renal parenchyma and collecting system.

pyrosis  a  burning  sensation  in  the  epigastric  or 
substernal area; heartburn.

R
radical prostatectomy  the  surgical  removal  of 

the  entire  prostate  gland,  seminal  vesicles,  and 
part of the bladder neck (ampulla).
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Raynaud’s phenomenon  an episodic vasospas-
tic  disorder  of  small  cutaneous  arteries,  most 
frequently involving the fingers and toes.

rectocele  the  herniation  or  protrusion  of  the 
rectum through the wall of the vagina resulting 
from  weakened  connective  tissue  support 
between the vagina and rectum.

refractive error  a defect in the ability of the lens 
of  the  eye  to  focus  an  image  accurately  on  
the retina, as occurs in nearsightedness and far-
sightedness.

renal artery stenosis  a partial occlusion of one 
or both renal arteries and their major branches; 
is a major cause of abrupt-onset hypertension.

repetitive strain injury (RSI)  a  cumulative 
trauma disorder resulting from prolonged, force-
ful, or awkward movements resulting in strain of 
tendons,  ligaments,  and  muscles,  causing  tiny 
tears that become inflamed.

restless legs syndrome (RLS)  the  unpleasant 
sensory and motor abnormalities of one or both 
legs;  characterized  by  an  irritating  sensation  of 
uneasiness,  tiredness,  and  itching  deep  within 
the muscles of the leg.

retinal detachment  a  separation  of  the  retina 
from the retinal pigment epithelium in the back 
of  the  eye,  allowing  the  vitreous  humor  to  leak 
between the two layers.

retinopathy  the  process  of  microvascular  dam-
age of the retina; may develop slowly or rapidly.

rheumatic fever  an inflammatory disease of the 
heart that potentially involves all layers.

rheumatic heart disease (RHD)  the  resulting 
damage  to  the  heart  muscle  and  heart  valves 
from rheumatic fever, a chronic condition char-
acterized by scarring and deformity of the heart 
valves.

rheumatoid arthritis (RA)  a  chronic,  systemic 
autoimmune disease characterized by inflamma-
tion  of  connective  tissue  in  the  diarthrodial 
(synovial) joints, typically with periods of remis-
sion and exacerbation.

rhinoplasty  the  surgical  reconstruction  of  the 
nose.

rhonchi  the  continuous  rumbling,  snoring,  or 
rattling sounds from obstruction of large airways 
with secretions.

S
sarcoma  a malignant tumor that originates from 

embryonal  mesoderm  that  becomes  connective 
tissue, muscle, bone, and fat.

scleroderma  a  disorder  of  connective  tissue 
characterized by fibrotic, degenerative, and occa-
sionally inflammatory changes in the skin, blood 
vessels,  synovium,  skeletal  muscle,  and  internal 
organs.

scoliosis  a lateral S-shaped curvature of the tho-
racic and lumbar spine.

secondary hypertension  elevated  blood  pres-
sure associated with any of several primary dis-
eases, such as renal, pulmonary, endocrine, and 
vascular diseases.

seizure  a paroxysmal, uncontrolled electrical dis-
charge  of  neurons  in  the  brain  that  interrupts 
normal  function  leading  to  a  sudden,  violent 
involuntary series of contractions of a group of 
muscles.

sepsis  a  systemic  inflammatory  response  to 
infection.

septic arthritis  infectious  or  bacterial  arthritis 
caused by invasion of the joint cavity with micro-
organisms; bacterial inflammation of a joint may 
be caused by the spread of bacteria through the 
bloodstream from an infection elsewhere in the 
body  or  by  contamination  of  a  joint  during 
trauma or surgery.

septic shock  the  presence  of  sepsis  with  hypo-
tension  despite  adequate  fluid  resuscitation  
along with the presence of tissue perfusion abnor-
malities.

severely obese  the  classification  used  to  de-
scribe  individuals  with  body  mass  index  values 
>40 kg/m2.

sexually transmitted infections (STIs)  infec-
tious  diseases  transmitted  most  commonly 
through sexual intercourse or genital contact.

shock  a  syndrome  characterized  by  decreased 
tissue  perfusion  and  impaired  cellular  metabo-
lism  resulting  in  an  imbalance  between  the 
supply of and demand for oxygen and nutrients.

sickle cell disease (SCD)  a group of  inherited, 
autosomal  recessive  disorders  characterized  by 
the presence of an abnormal form of hemoglobin 
in the erythrocyte.

silent ischemia  an asymptomatic  ischemia  that 
may damage the heart.

Sjögren’s syndrome  an  autoimmune  disease 
that  targets moisture-producing glands,  leading 
to  the  common  symptoms  of  xerostomia  (dry 
mouth) and keratoconjunctivitis sicca (dry eyes).

Somogyi effect  a condition  in which an exces-
sive  dose  of  insulin  causes  blood  glucose  levels 
to decline during sleep, triggering the release of 
counterregulatory  hormones  that  increase  the 
blood  glucose  levels,  resulting  in  high  blood 
glucose  levels  at  morning  testing;  indicates  a 
need for reduced dose of insulin.

spermatogenesis  the formation of sperm.
spider angiomas  small,  dilated  blood  vessels 

with  a  bright  red  center  point  the  size  of  a 
pinhead from which small blood vessels radiate.

spinal shock  the  immediate  failure of all  spinal 
cord  function  at  the  time  of  injury  below  the  
level of cord damage resulting in flaccid paraly-
sis, loss of reflexes, and loss of sympathetic inner-
vation.

spondyloarthropathies  a  group  of  interrelated 
multisystem  inflammatory  disorders  that  affect 
the  spine,  peripheral  joints,  and  periarticular 
structures.

status epilepticus  a state of continuous seizure 
activity or a condition in which seizures recur in 
rapid succession without return to consciousness 
between seizures.

steatorrhea  a greater than normal amount of fat 
in the feces.

stenosis  a constriction or narrowing.
stent  an expandable meshlike structure designed 

to  maintain  vessel  patency  by  compressing  the 
arterial walls and resisting vasoconstriction.

strabismus  a condition  in which  the  individual 
cannot  consistently  focus  both  eyes  simultane-
ously on the same object.

stricture  an  abnormal  temporary  or  permanent 
narrowing of the lumen of a hollow organ.

stroke  the death of brain cells that occurs when 
there is ischemia to a part of the brain or hemor-
rhage into the brain.

subarachnoid hemorrhage  a  stroke  resulting 
from intracranial bleeding into the cerebrospinal 
fluid–filled space between the arachnoid and pia 
mater membranes on the surface of the brain.

subdural hematoma  a  collection  of  blood 
between the dura mater and the arachnoid layer 
of the meninges of the brain that is generally of 
venous origin, usually caused by injury.

submersion injury  hypoxia resulting from sub-
mersion in a substance, usually water.

sudden cardiac death (SCD)  unexpected death 
from cardiac causes.

sundowning  a condition in which the individual 
becomes more confused and agitated in the late 
afternoon or evening.

surfactant  a  lipoprotein  that  lowers  the  surface 
tension  in  the  alveoli,  reduces  the  amount  of 
pressure  needed  to  inflate  the  alveoli,  and 
decreases the tendency of the alveoli to collapse.

syndrome of inappropriate antidiuretic hor-
mone (SIADH)  a  condition  associated  with 
overproduction or oversecretion of ADH.

synovectomy  the  surgical  removal  of  synovial 
membrane.

syphilis  the infection of organs and tissues of the 
body by Treponema pallidum.

systemic inflammatory response syndrome 
(SIRS)  a systemic inflammatory response to a 
variety of  insults,  including  infection,  ischemia, 
infarct, and injury.

systemic lupus erythematosus (SLE)  a chron-
ic multisystem inflammatory disorder associated 
with abnormalities of the immune system.

systolic failure  a  type  of  ventricular  failure 
caused  by  impaired  contractile  function,  in-
creased afterload, or mechanical abnormalities.

T
teletherapy  radiation therapy administered by a 

machine  positioned  at  some  distance  from  the 
patient;  the  most  common  form  of  radiation 
therapy treatment.

tenesmus  the painful  spasmodic contraction of 
the  anal  sphincter  and  a  persistent  desire  to 
empty the bowel.

tension pneumothorax  a rapid accumulation of 
air  in  the  pleural  space  causing  severely  high 
intrapleural  pressures  with  resultant  tension  on 
the heart and great vessels.

tension-type headache  a  headache  character-
ized by a bilateral feeling of pressure around the 
head.

tetanus  lockjaw; an extremely severe polyradicu-
litis and polyneuritis affecting spinal and cranial 
nerves  that  results  from  the  effects  of  a  potent 
neurotoxin  released  by  the  anaerobic  bacillus 
Clostridium tetani.

tetraplegia  the  paralysis  of  the  arms,  legs,  and 
trunk occurring with spinal cord damage at C8 
or above.

thalassemia  an autosomal recessive genetic dis-
order of inadequate production of normal hemo-
globin.

thoracentesis  a  surgical  procedure  done  to 
remove fluid from the pleural space.
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thoracotomy  a  surgical  opening  into  the  tho-
racic cavity.

thrombocytopenia  a  reduction  of  the  platelet 
count.

thrombocytosis  a  condition  marked  by  exces-
sive platelets; a disorder that occurs with inflam-
mation and some malignant disorders.

thrombotic stroke  a  stroke  resulting  from 
thrombosis or narrowing of the blood vessel.

thyroiditis  an  inflammatory  process  in  the 
thyroid gland.

thyrotoxicosis  (also  called  thyrotoxic  crisis)  a 
hypermetabolic  state caused by excessive circu-
lating levels of T4, T3, or both.

tinnitus  a  subjective  noise  sensation,  often 
described as ringing, heard in one or both ears.

tonic-clonic seizure  a  seizure  characterized  by 
loss of consciousness and falling to the ground, 
followed  by  stiffening  of  the  body  for  10  to  20 
seconds and subsequent  jerking of  the extremi-
ties for another 30 to 40 seconds.

tracheostomy  a  surgical  opening  into  the  tra-
chea  through which an  indwelling  tube may be 
inserted.

tracheotomy  a surgical incision into the trachea 
for  the  purpose  of  establishing  an  airway;  per-
formed  below  a  blockage  by  a  foreign  body, 
tumor, or edema of the glottis.

traction  the  application  of  a  pulling  force  to  an 
injured  or  diseased  part  of  the  body  or  an 
extremity  while  countertraction  pulls  in  the 
opposite direction.

transurethral resection of the prostate (TURP) 
a  surgical  procedure  involving  the  removal  of 
prostate  tissue  with  the  use  of  a  resectoscope 
inserted through the urethra.

triage  a  system  that  identifies  and  categorizes 
patients so the most critical are treated first.

trigeminal neuralgia  a neurologic condition of 
the trigeminal facial nerve characterized by par-
oxysms of flashing, stablike pain radiating along 
the  course  of  a  branch  of  the  nerve  from  the 
angle of the jaw.

trigger point  a  circumscribed  hypersensitive 
area within a tight band of muscle that is caused 
by acute or chronic muscle strain.

tuberculosis (TB)  an  infectious  disease  caused 
by  Mycobacterium tuberculosis;  usually  involves 

the lungs, but also occurs in the larynx, kidneys, 
bones, adrenal glands, lymph nodes, and menin-
ges  and  can  be  disseminated  throughout  the 
body.

tumor angiogenesis  the  process  of  the  forma-
tion of blood vessels within the tumor itself.

tumor-associated antigens  the  altered  cell 
surface antigens found on cancer cells.

U
ulcerative colitis  a chronic inflammatory bowel 

disease  that  causes  ulceration  of  the  colon  and 
rectum.

unstable angina (UA)  an  angina  that  is  new 
in  onset,  occurs  at  rest,  or  has  a  worsening 
pattern.

uremia  the presence of excessive amounts of urea 
and  other  nitrogenous  waste  products  in  the 
blood;  renal  function declines  to  the point  that 
symptoms develop in multiple body systems.

urethritis  inflammation of the urethra.
urinary incontinence (UI)  an  uncontrolled 

leakage of urine; can be caused by anything that 
interferes  with  bladder  or  urethral  sphincter 
control,  including  confusion  or  depression, 
infection,  atrophic  vaginitis,  urinary  retention, 
restricted mobility, fecal impaction, or drugs.

urinary retention  the  inability  to  empty  the 
bladder despite micturition, or the accumulation 
of urine in the bladder because of an inability to 
urinate.

urosepsis  a  urinary  tract  infection  that  has 
spread  into  the  systemic  circulation;  life- 
threatening  condition  requiring  emergency 
treatment.

urticaria  a  pruritic  skin  eruption  characterized 
by  transient wheals of varying  shapes and  sizes 
with  well-defined  erythematous  margins  and 
pale centers; usually an allergic phenomenon.

uterine prolapse  the downward displacement of 
the  uterus  into  the  vaginal  canal  as  a  result  of 
impaired pelvic support.

V
Valsalva maneuver  a  maneuver  that  involves 

contraction  of  the  chest  muscles  on  a  closed 
glottis  with  simultaneous  contraction  of  the 
abdominal muscles.

varicose veins  the  dilated,  tortuous  subcutane-
ous  veins  most  frequently  found  in  the  saphe-
nous system.

vascular dementia  the loss of cognitive function 
resulting  from  ischemic,  ischemic-hypoxic,  or 
hemorrhagic brain  lesions caused by cardiovas-
cular disease.

vasectomy  the  bilateral  surgical  ligation  or  re-
section  of  the  vas  deferens  performed  for  the 
purpose of sterilization.

ventricular assist device (VAD)  a device that is 
applied externally or  internally  into  the path of 
flowing blood to augment or replace  the action 
of the ventricle of the heart.

ventricular fibrillation  a severe derangement of 
the heart rhythm characterized on electrocardio-
gram (ECG) by irregular undulations of varying 
contour and amplitude.

ventricular tachycardia (VT)  a  condition  that 
occurs when an ectopic focus or foci fire repeti-
tively and the ventricle takes control as the pace-
maker.

vertigo  a  sensation  that  a  person  or  objects 
around  the  person  are  moving  or  spinning; 
usually stimulated by movement of the head.

vesicants  agents  that  when  accidentally  infil-
trated  into  the  skin  cause  severe  local  tissue 
breakdown and necrosis.

viral load  the quantity of viral particles in a bio-
logic sample.

Virchow’s triad  three  important  factors  in  the 
etiology of venous thrombosis: (1) venous stasis, 
(2) damage of  the endothelium (inner  lining of 
the vein), and (3) hypercoagulability of the blood.

viremia  large  amounts  of  virus  in  the  blood, 
resulting from initial infection with a virus.

W
Wernicke’s encephalopathy  an  inflammatory, 

hemorrhagic, degenerative condition of the brain 
resulting  from a deficiency of  thiamine;  is  seen 
in association with chronic alcoholism.

wheezes  a  form  of  rhonchus  characterized  by 
a  continuous  high-pitched  squeaking  sound 
caused by rapid vibration of bronchial walls.

window period  a time period of 2 months after 
HIV  infection  during  which  an  infected  indi-
vidual will not test positive for HIV-antibody.
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in hypopituitarism, 1192
measurement of, 1147t-1151t

ACTH stimulation test, 1147t-1151t
ACTH suppression test, 1147t-1151t
Actigraphy, 103
Actinic keratosis, 431, 432t
Action potential, 687

I N D E X

Actiq. See Fentanyl.
Activase (alteplase), for pulmonary embolism, 553
Activated charcoal, for poisoning, 1689, 1689t
Activated clotting time, 627t
Activated partial thromboplastin time, 627t
Active listening, 50, 149
Active transport, 287, 288f
Activity and exercise. See also Lifestyle 

modifications.
after amputation, 1532
benefits of, 1507b
in breast cancer survivors, 1252b
caloric expenditure during, 1167t
in COPD, 597-600
in coronary artery disease, 734-735, 737
in diabetes mellitus, 1167
in hypertension, 716
measurement of, 760-761, 760t
in multiple sclerosis, 1431, 1431f
after myocardial infarction, 759b, 760-761
in osteoarthritis, 1564, 1568
in osteoporosis prevention, 1555-1556
in osteoporosis prophylaxis, 1555-1556
in pain management, 132
in Parkinson’s disease, 1437
in peripheral arterial disease, 836-837
in rheumatoid arthritis, 1575-1576
in weight management, 915

Activity-exercise pattern, 39
Actonel (risedronate), for osteoporosis, 1556
Actos (pioglitazone), for diabetes mellitus, 1163, 

1164t
Acupuncture, 83, 83f, 132

for osteoarthritis, 1565b
Acute abdominal pain, 969, 969t, 970f, 971t. See 

also Pain.
Acute alcohol toxicity, 159-160
Acute alcoholic hepatitis, 1015
Acute arterial ischemia, 839-840
Acute bronchitis, 522
Acute care nurse practitioner, 1599-1600
Acute chest syndrome, 645-646
Acute coronary syndrome, 746-753

activity and exercise and, 760-761
acute intervention in, 754-757
ambulatory and home care for, 758-762
anxiety in, 757
collaborative care for, 750-753
diagnostic studies in, 749-750
drug therapy for, 743f, 744t, 751-753, 751t
ECG changes in, 806-807, 806f-807f, 806t
monitoring in, 756
myocardial infarction in, 747-749. See also 

Myocardial infarction.
nursing care plan for, 755b-756b
nursing management of, 753-762

assessment in, 754t
implementation in, 753-762
nursing diagnoses in, 753
planning in, 753

patient teaching for, 759-760, 761t-762t
percutaneous coronary intervention for, 746f, 

751
psychosocial aspects of, 757, 757t
rehabilitation after, 757t, 758-762
rest and comfort in, 756-757
sexual activity after, 761-762, 762t
surgical revascularization for, 745-746, 752-753, 

757-758

NOTE: Disorder names and key terms are in 
boldface. Page numbers in boldface indicate main 
discussions. Page numbers followed by f, t, or b 
indicate figures, tables, and boxes, respectively.
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thrombolytics for, 751-752, 751t
unstable angina in, 747. See also Angina.

Acute hemolytic transfusion reactions, 678t-679t, 
680

Acute illness, vs. chronic illness, 61, 61t
Acute kidney injury, 1101-1106

acute tubular necrosis in, 1103, 1103f
causes of, 1102-1103, 1102t

intrarenal, 1102-1103
postrenal, 1103
prerenal, 1102

collaborative care in, 1105-1106, 1105t
continuous renal replacement therapy for, 1106, 

1123-1124, 1123f, 1123t. See also Dialysis.
diagnosis of, 1104-1105
diuretic phase of, 1104
hyperkalemia in, 1104-1106, 1105t
nursing management of, 1106-1107
nutritional therapy for, 1106
in older adults, 1107-1115
oliguric phase of, 1103-1104
pathophysiology of, 1102-1103
recovery phase of, 1104
Rifle classification of, 1103, 1103t
staging of, 1103, 1103t
vs. chronic kidney disease, 1102t

Acute liver failure, 1027
Acute lung injury, 1665
Acute lymphocytic leukemia, 664, 665t
Acute myelogenous leukemia, 664, 665t
Acute necrotizing ulcerative gingivitis, 928t
Acute pancreatitis, 1030-1032

acute intervention for, 1033-1034
ambulatory and home care for, 1034
clinical manifestations of, 1030-1031
complications of, 1031
conservative therapy for, 1031-1032
diagnosis of, 1031, 1031t-1032t
drug therapy for, 1032t
etiology of, 1030
health promotion for, 1033
nursing management of, 1032-1033, 1033t
nutritional therapy for, 1032
pathogenesis of, 1030, 1030f
surgery for, 1032

Acute pericarditis, 814-817
Acute phase proteins, 892-893
Acute poststreptococcal glomerulonephritis, 

1073t, 1074
Acute pyelonephritis, 1069-1070, 1069f, 1070t
Acute radiation syndrome, 1691
Acute respiratory distress syndrome (ARDS), 

1665-1669
case study of, 1671b
collaborative care for, 1669-1671
complications of, 1667-1669, 1668t

barotrauma, 1668
renal failure, 1669
stress ulcers, 1669
ventilator-associated pneumonia, 1668
volutrauma, 1669

diagnosis of, 1667, 1667t
etiology of, 1665-1667
mechanical ventilation in, 1670-1671

complications of, 1668-1669
nursing management of, 1669-1671
oxygen therapy for, 1669
pathophysiology of, 1654, 1665-1667,  

1665f
phases of, 1666

fibrotic, 1667
injury/exudative, 1666-1667
reparative/proliferative, 1667

positioning in, 1670, 1670f

progression of, 1667
prone positioning in, 1622
renal failure in, 1669
in sepsis, 1637
stress ulcers in, 1669

Acute respiratory failure, 1654-1660
alveolar hypoventilation in, 1657
in asthma, 1657
breath sounds in, 1659
breathing patterns in, 1659
cardiac output in, 1664
chest wall abnormalities and, 1657
clinical manifestations of, 1658-1659, 1658t
collaborative care for, 1661t
in COPD, 587, 1657
in cystic fibrosis, 1657
definition of, 1654
diagnosis of, 1659-1660
diffusion limitation in, 1656-1657, 1656f
drug therapy for, 1663-1664
etiology of, 1655-1658
in Guillain-Barré syndrome, 1467
hypercapnic, 1655, 1655f, 1657
hypoxemic, 1655-1657, 1655f
mechanical ventilation in. See Mechanical 

ventilation.
medical supportive therapy for, 1664
in neurologic disorders, 1657
in neuromuscular disorders, 1657
noninvasive positive pressure ventilation in, 

1662-1663, 1663f
nursing management of, 1660-1664

assessment in, 1660, 1660t
evaluation in, 1664
nursing diagnoses in, 1660-1661
planning in, 1661

nutritional therapy for, 1664
in older adults, 1664-1665
oxygen therapy for, 1661
pathophysiology of, 1655-1658, 1656f
positioning in, 1659, 1659f, 1662
prevention of, 1661
in sepsis, 1637
shunts in, 1656, 1656f
tissue oxygen delivery in, 1657-1658
ventilation-perfusion mismatch in, 1655-1656, 

1656f
Acute tubular necrosis, 1103, 1103f

in burn patients, 459
posttransplant, 1127

Acute viral rhinitis, 500-502
Acyclovir, for herpes simplex virus infection, 1269
Adalimumab (Humira)

for inflammatory bowel disease, 979, 979t
for rheumatoid arthritis, 1573

Adaptive grief, 144
Addiction, 134-135, 135t, 1697t. See also 

Substance abuse.
Addictive behavior, 155t
Addisonian crisis, 1211-1212
Addison’s disease, 1208t, 1211-1212
A-delta fibers, 117
Adenohypophysis, 1136t, 1137-1138, 1138f. See 

also Pituitary gland.
Adenosine (Adenocard), for paroxysmal 

supraventricular tachycardia, 795, 795b
Adenosine diphosphate (ADP), 1493
Adenosine triphosphate (ATP), 1493
Adhesions, 180t

intestinal, 982, 983f
Adipectomy, 917, 918f
Adipocytes, 908, 910
Adipokines, 1156

Adjustable gastric banding, 916, 917t, 918f
Admission

to postanesthesia care unit, 349-351, 350t
procedures for, 337, 363t

Admission observation and discharge (AOD) area, 
334

Ado-trastuzumab (Kadcyla), for breast cancer, 
1251t, 1252

Adragogy, 48, 48t
Adrenal cortex, 1136t, 1140

in older adults, 1141t
Adrenal disorders

cortical, 1207-1209
clinical manifestations of, 1208t
diagnosis of, 1147t-1151t, 1151

medullary, 1214-1215
Adrenal glands, 1136t, 1140

in older adults, 1141t
Adrenal insufficiency, 1211-1212
Adrenal medulla, 1136t, 1140

in older adults, 1141t
Adrenalectomy

medical, 1209
surgical

for Cushing syndrome, 1209-1211
for hyperaldosteronism, 1214

Adrenalin. See Epinephrine (Adrenalin).
Adrenaline, 1136t, 1140
Adrenocortical insufficiency, 1208t, 1211-1212
Adrenocorticotropic hormone. See ACTH.
Adult day care, 70

for Alzheimer’s disease, 1453-1454
Advance care planning, 146
Advance directives, 71, 146, 146t, 601b
Advanced practice nurses, 3

acute care, 1599-1600
critical care, 1599-1600
in genetics, 200

Adventitious breath sounds, 488, 488t
Advil. See Ibuprofen.
Adynamic ileus, 982-983
Aerosol therapy, 1662
Affect, in stroke patients, 1394
Afinitor. See Everolimus (Afinitor).
Aformoterol (Brovana), for asthma, 570t-571t
African-Americans. See also Race/ethnicity.

coronary artery disease in, 732-733, 732b
hypertension in, 710b
prostate cancer in, 1320
sickle cell disease in, 644-645
skin assessment in, 421t, 423

Afterload, 689
monitoring of, 1603t, 1604. See also 

Hemodynamic monitoring.
Ageism, 64-65
Age-related macular degeneration, 397-398
Aging. See also Older adults.

attitudes toward, 64-65
biologic, 65
demographics of, 64
health disparities and, 22

Agitation
in Alzheimer’s disease, 1454
in delirium, 1459-1460
in mechanical ventilation, 1624
postoperative, 357
in respiratory failure, 1663-1664

Agnosia, 1394-1395
Agrylin (anagrelide), for polycythemia, 649
AIDS, 234-235, 235t. See also HIV infection.
Air filtration, in respiratory system, 480
Airborne infection isolation, 533
Airborne precautions, 231
Airway burns, 451-452, 452t, 456t, 459, 460t
Airway bypass, for emphysema, 596

Acute respiratory distress syndrome (ARDS) 
(Continued)

Acute coronary syndrome (Continued)
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Airway clearance, 594-595, 1661-1662, 1662f
chest physiotherapy for, 594-595, 595f
in cystic fibrosis, 604
devices for, 595, 595f
effective coughing for, 594, 594t, 1661-1662, 

1662f
high-frequency oscillation for, 595
humidification in, 1662
hydration in, 1662
patient positioning for, 594, 1662
percussion for, 594, 595f
postural drainage for, 594
vibration for, 594-595

Airway management
in burns, 459
in cardiopulmonary resuscitation, 1696-1698
emergency, 1676t, 1677, 1677f
in increased ICP, 1367
for intermaxillary fixation, 1529-1530

Airway obstruction, 507
choking in, 1698f, 1698t
intermaxillary fixation and, 1529-1530
postoperative, 351, 352t, 353f
tracheostomy for, 507. See also Tracheostomy.

Airway pressure release ventilation, 1621
Airway stenting, for lung cancer, 539
Airway suctioning, 1662
Alanine aminotransferase (ALT), 884t
Alarms, ventilator, 1619, 1619t-1620t, 1625
Albumin, 309

administration of, 676t. See also Transfusion(s).
in malnutrition, 892-893

Albuterol (Proventil)
for asthma, 570t-571t, 572
for COPD, 589

Alcohol poisoning, 1689t
Alcohol Use Disorders Identification (AUDIT) 

questionnaire, 165, 165t
Alcohol use/abuse, 159

acute alcohol toxicity and, 159-160
acute liver failure and, 1027
acute pancreatitis and, 1030
blood alcohol level in, 159-160
chronic pancreatitis and, 1034
cirrhosis and, 1017, 1017f, 1027. See also 

Cirrhosis.
delirium in, 160
in diabetes mellitus, 1166
drug-alcohol interactions in, 159
gender differences in, 159
hypertension and, 716
intoxication in, 159-160
Korsakoff ’s psychosis in, 159-160, 160t
physical effects of, 159
stroke and, 1390
Wernicke’s encephalopathy in, 159-160, 160t

Alcohol withdrawal delirium, 160, 357
Alcohol withdrawal syndrome, 160-162, 160t, 

162t
nursing care plan for, 161b

Alcoholic hepatitis, 1015
Aldactone. See Spironolactone (Aldactone).
Aldara (imiquimod), for genital warts, 1269-1270
Aldolase, in musculoskeletal disorders, 

1501t-1503t
Aldosterone, 1140

excess of, 1214
in fluid and electrolyte balance, 290, 290f,  

1048
measurement of, 1147t-1151t

Alendronate (Fosamax), for osteoporosis, 1556
Aleve (naproxen), 123t
Alkali burns, 451, 1689t. See also Burns.

Alkali ingestion, 1689t
Alkaline phosphatase, 884t

in bone disease, 1501t-1503t
Alkalinization, for poisoning, 1690
Alkalosis, 302, 302f, 480. See also Acid-base 

imbalances.
Alleles, 191, 191t
Allen test, 1606
Allergic conjunctivitis, 391
Allergic contact dermatitis, 212, 212f

latex, 216-217, 216t, 321, 346
Allergic disorders/reactions, 209t, 212-215. See 

also Hypersensitivity reactions.
anaphylactic, 209-211, 209t, 214
assessment in, 212-213, 213t
in asthma, 562-564, 563f, 566-567
atopic, 209t, 210-211
collaborative care for, 214-215
contact dermatitis, 212, 212f
cutaneous, 437, 438t
diagnosis of, 213-214
drug therapy for, 215
to drugs, 321
environmental modifications for, 214-215
eye involvement in, 376t, 391
to food, latex allergy and, 216
immunotherapy for, 215-216
to insulin, 1162
to latex, 216-217, 216t, 321, 346
to local anesthetics, 343-344
in multiple chemical sensitivity, 216-217
preoperative management of, 321
safety precautions for, 1647b
skin testing for, 209t, 210, 213-214
transfusion-related, 678t-679t

Allergic rhinitis, 210, 499-500, 500t
asthma and, 562

Allodynia, 117
Allopurinol (Aloprim, Zyloprim), for gout,  

1578
Aloe, 82t
Alogliptin (Nesina), for diabetes mellitus, 

1163-1165, 1164t
Alopecia, 269-270, 422t

in cancer, 269-270
in older adults, 417, 417t
traction, 423, 424f

Aloprim (allopurinol), for gout, 1578
Alosetron (Lotronex), for irritable bowel 

syndrome, 972, 972b
Alpha1-antitrypsin deficiency, 582-583
Alpha-adrenergic agonists

for benign prostatic hyperplasia, 1310
for glaucoma, 400t
for hypertension, 717-720, 717t-719t
for pain, 127, 128t
for urinary calculi, 1078

Alpha-fetoprotein, 253
in hepatocellular carcinoma, 884t

Alport syndrome, 1083
Alteplase (Activase), for pulmonary embolism, 

553
Alternative therapies. See Complementary and 

alternative therapies.
Alveolar hyperventilation, in mechanical 

ventilation, 1623
Alveolar hypoventilation, 1657

in mechanical ventilation, 1623
Alveolar macrophages, 481
Alveoli, 477, 477f

collapse of. See Atelectasis.
surfactant and, 477

Alvesco (ciclesonide), for asthma, 570t-571t

Alzheimer’s disease, 1445-1452. See also 
Dementia.

acute intervention for, 1453
ambulatory and home care for, 1453-1456
behavioral problems in, 1454
biomarkers for, 1450-1451
caregiver support in, 1455-1456
case study of, 1461b
clinical manifestations of, 1447-1448
collaborative care for, 1451-1452
diagnostic criteria for, 1448-1450, 1450t
diagnostic studies in, 1450-1451
drug therapy for, 1452, 1452f, 1452t
early warning signs of, 1447, 1448t
early-onset, 1445, 1446b
eating and swallowing problems in, 1455
elimination problems in, 1455
environmental factors in, 1447
etiology of, 1445-1447
familial, 1446
family/caregiver teaching in, 1456, 1456t-1457t
gender differences in, 1445, 1445b
genetic factors in, 1446-1447, 1446b
health promotion for, 1453
late-onset, 1445, 1446b
mental status examination in, 1451, 1451f, 

1451t
mild cognitive impairment in, 1449t, 1450
nursing management of, 1452-1458, 1453t

assessment in, 1452, 1453t
delegation in, 1455b
evaluation in, 1456-1457
implementation in, 1452-1456
nursing diagnosis in, 1452
planning in, 1452

oral care in, 1455
pain management in, 1455
pathophysiology of, 1445-1447, 1446f-1448f
pneumonia in, 1455
retrogenesis in, 1448, 1449t
safety concerns in, 1454-1455
skin care in, 1455
stages of, 1447, 1449t, 1450
sundowning in, 1454
urinary tract infections in, 1455
wandering in, 1454

Amantadine, for Parkinson’s disease, 1435
Amaryl (glimepiride), for diabetes mellitus, 1163, 

1164t
Ambien (zolpidem), for insomnia, 104
Ambu bag, 1614
Ambulation

assistive devices for, 1521
with fractures, 1521

Ambulatory care. See also specific disorders.
for older adults, 70

Ambulatory phlebectomy, 856-857
Ambulatory surgery, 318, 362-363

discharge after, 362-363
patient teaching for, 325

Amebiasis, 962-963, 962t
Amenorrhea, 1228, 1280-1281, 1281t

perimenopausal, 1283
American Association of Critical Care Nurses 

(AACN), 1598-1602
certification by, 1599

American Diabetes Association (ADA), 1174
American Holistic Nurses Association (AHNA), 

80
American Nursing Association (ANA), 5
American Spinal Injury Association Impairment 

Scale, 1470, 1472f
Amidate (etomidate), 343t
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Aminophylline, for asthma, 570t-571t
5-Aminosalicylates, for inflammatory bowel 

disease, 978, 979t
Ammonia

in hepatic encephalopathy, 1021, 1021t,  
1023

liver function and, 884t, 1021
Amphetamines

abuse of, 155t, 162, 163t-164t
for weight loss, 915

Amphiarthrotic joints, 1491f
AMPLE mnemonic, 1679t, 1680
Amputation, 1530-1531

acute interventions for, 1531-1533
ambulatory and home care for, 1533
compression bandaging for, 1532, 1533f
health promotion for, 1531
nursing management of, 1531-1533
in older adults, 1533-1534
patient teaching for, 1533t
for peripheral arterial disease, 837
phantom limb sensation and, 1532
postoperative management of, 1531-1533
preoperative management of, 1531
prostheses for

care of, 1533, 1533t
fitting of, 1532-1533, 1532f
upper limb, 1533

Amsler grid test, 378t
Amylase, serum, 879t-882t
Amylin, 1136t, 1140
Amyloid plaques, 1446-1447, 1446f-1447f
Amyotrophic lateral sclerosis, 1439
Anagrelide (Agrylin), for polycythemia, 649
Anakinra (Kineret), for rheumatoid arthritis,  

1573
Anal cancer, 1002
Anal disorders, 878t

in older adults, 871t
Anal examination, 877, 1230
Anal fissures, 878t, 1001-1002
Anal fistulas, 1001f, 1002
Analgesia

pathologic, 1350t
patient-controlled, 131, 358

Analgesics, 123-131. See also Pain management.
adjuvant, 127-129, 128t
for burns, 462, 463t
equianalgesic dose of, 126t, 129
first-pass effect and, 129
mechanism of action of, 116-117
nonopioid, 123-124, 123t
opioid, 124-127. See also Opioids.
routes of administration for, 128t, 129-131
scheduling of, 129-131
side effects of, 122, 123t
titration of, 129
topical, 1565t-1567t

Anaphylaxis/anaphylactic shock, 209-211, 209t, 
214, 1632t, 1636. See also Shock.

causes of, 211t
clinical manifestations of, 1635t
collaborative care for, 1645t, 1646
emergency management of, 214t
etiology of, 1632t
intraoperative, 346
pathophysiology of, 1636
in skin testing, 214
transfusion-related, 678t-679t

Anasarca, 1075
in shock, 1640

Anastrozole (Arimidex), for breast cancer, 
1251-1252, 1251t

Anatomic dead space, 477, 1638
Anatomic shunts, 1656

Androgen(s), 1136t, 1140. See also Corticosteroids.
adrenal, 1140
in adrenal disorders, 1147t-1151t, 1151, 

1207-1209, 1208t
measurement of, 1147t-1151t, 1151

Androgen deprivation therapy, for prostate cancer, 
1319-1320, 1319t

Androgen receptor blockers, for prostate cancer, 
1319t, 1320

Android obesity, 907, 907f, 910
metabolic syndrome and, 921

Andropause, 1329, 1329f
Anemia, 633-634

aplastic, 642, 642t
assessment of, 635t
from blood loss

acute, 642-643, 643t
chronic, 643

in cancer, 265, 266t-267t
of chronic disease, 638t, 641-642
in chronic kidney disease, 1109-1110
classification of, 634t
clinical manifestations of, 633-634, 634t
cultural aspects of, 633b
definition of, 633
etiology of, 633, 633f, 633t
hemolytic, 638t, 643-645, 644f, 647
iron-deficiency, 637-638
laboratory findings in, 638t
megaloblastic, 640-641, 640t

cobalamin deficiency and, 640-641, 640t
folate deficiency and, 640t, 641

morphology of, 633t
nursing care plan for, 635b-636b
nursing management of, 634
in older adults, 634-636
pernicious, 640, 640t

postgastrectomy, 951
sickle cell, 644-645, 644f, 645b, 646f
in thalassemia, 639-640

Anergy, 209
Anesthesia, 340

classification of, 340-345, 341t
delayed emergence and, 357
emergence delirium and, 357
general, 341-342, 341t

adjuncts to, 341-342, 344t
dissociative, 342
inhalation agents in, 341, 343t
intravenous agents in, 341, 343t
phases of, 342t

local/regional, 127, 128t, 342-345
administration of, 344-345

risk assessment for, 323, 323t
spinal/epidural, 130-131, 130f, 343t, 345

neurogenic shock and, 1634
postoperative, 358

Anesthesia care provider, 336-337
assisting, 338-339

Anesthesiologist assistant, 336-337
Anesthesiology, 336
Aneurysms

aortic, 841-843. See also Aortic aneurysms.
classification of, 841-843, 842f
clipping of, 1399, 1399f
coiling of, 1399, 1399f
false, 842, 842f
fusiform, 841-842, 841f-842f
ruptured, 842f
saccular, 841-842, 842f
subarachnoid, stroke and, 1399, 1399f
thoracic, 841
true, 841-842, 842f
ventricular, after myocardial infarction, 749

Anger, in dying patients, 148

Angina. See also Acute coronary syndrome.
in aortic stenosis, 823
assessment of, 741t
cardiac catheterization for, 745-746
chronic stable, 740-746, 742t

collaborative care for, 742-746, 743f
drug therapy for, 742t, 743-745, 744t

diagnostic studies for, 745-746
microvascular, 742
nocturnal, 742
pain location in, 741, 741f
precipitating factors for, 741t
Prinzmetal’s, 742, 742t
unstable, 747, 747f

in acute coronary syndrome, 746-753
acute intervention in, 754
ambulatory and home care in, 754
drug therapy for, 743f, 753, 763f
health promotion for, 753

vs. GERD-related chest pain, 932
Angina decubitus, 742
Angioedema, 211
Angiogenesis inhibitors, for cancer, 271-273, 271f, 

272t
Angiogenesis, tumor, 251
Angiography. See also Arteriography.

cerebral, 1351, 1352t-1353t, 1354f
computed tomography

coronary artery, 699t-703t, 706
of pulmonary embolism, 552
in stroke, 1395

coronary, 699t-703t, 706-707, 706f
after myocardial infarction, 750

digital subtraction, for stroke, 1395
fluorescein, of eye, 378t
magnetic resonance, 699t-703t
pulmonary, 491t-493t
for upper gastrointestinal bleeding, 954

Angiomas, 421, 422t
spider, 1018

Angiomax (bivalirudin), for venous 
thromboembolism, 851t, 852

Angiopathy, diabetic, 1180-1181, 1181t
Angioplasty

balloon, 745-746, 746f, 758b
percutaneous transluminal, 837
for peripheral artery disease, 837-839

Angiotensin, in blood pressure regulation, 710f, 
711-712

Angiotensin receptor blockers
for acute coronary syndrome, 743f, 744t
for angina, 743f, 744t
for diabetic nephropathy, 1182
for heart failure, 774t, 776
for hypertension, 717t-719t, 720

Angiotensin-converting enzyme inhibitors. See 
ACE inhibitors.

Angle of Louis, 476, 695, 695f
Animal bites, 1688
Anion, 286, 287t
Anion gap, 305
Anismus, 967
Anisocoria, 375, 376t, 1350t
Ankle arthroplasty, 1535
Ankle fusion, 1535
Ankle-brachial index, 835, 835t-836t
Ankylosing spondylitis, 1580-1581, 1580f
Ankylosis, 1500t
Annuloplasty, 825
Anorectal abscess, 1001f, 1002
Anorexia

in cancer, 269
in dying patients, 150t-151t
nausea and, 925

Anorexia nervosa, 903
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Anosognosia, 1350t
Anovulation

diagnosis of, 1277
oligomenorrhea and, 1281
treatment of, 1277
unopposed estrogen and, 1281

Anovulatory cycles, 1223
Antacids

for GERD, 934-935, 934t
for peptic ulcers, 946

Antalgic gait, 1500t
Anterior chamber, 369, 369f
Anterior cord syndrome, 1472t
Anterior cruciate ligament tears, 1506t, 1511, 

1511f, 1602, 1605f, 1605t
Anthropometric measurements, in malnutrition, 

893
Antibiotics

for acute kidney injury, 1107, 1107b
administration of, computer-based timing for, 

327b
antitumor, 259t-260t
for arthritis, 1565t-1567t
for bacterial meningitis, 1382-1383
for burns, 462
for chlamydial infections, 1267
for connective tissue disorders, 1565t-1567t
for cystic fibrosis, 604
for drug-resistant infections, 229-230, 229t
in empiric therapy, 1067
for febrile neutropenia, 662
for gonorrhea, 1263-1264, 1264t
for H. pylori infection, 942t, 946
for infective endocarditis, 813, 813t
for Lyme disease, 1579
for osteomyelitis, 1539, 1541-1542, 1541b
for pelvic inflammatory disease, 1288
for pneumonia, 526, 526t
prophylactic, after rheumatic fever, 820
for prostatitis, 1322
for rheumatoid arthritis, 1573
for sinusitis, 505-506
for syphilis, 1266
for urinary tract infections, 1067

Antibodies, 205, 206t, 207-208
monoclonal. See Monoclonal antibodies.
panel of reactive, 220

Anticholinergics
for asthma, 570t-571t, 572
for COPD, 589
for peptic ulcers, 947

Anticholinesterases, for myasthenia gravis, 1438
Anticipatory grief, 144
Anticoagulants, 854b

for acute arterial ischemia, 840
for acute coronary syndrome, 743f, 744t
for angina, 743f, 744t
for atrial fibrillation, 797, 797t
bleeding due to, 854, 854b
for disseminated intravascular coagulation,  

659
for heparin-induced thrombocytopenic 

purpura, 653
international normalized ratio for, 627t, 

850-851, 852t
prothrombin time and, 884t

patient teaching for, 853b, 855t
pharmacogenetics of, 198, 199f
preoperative management of, 320
for prosthetic heart valves, 825
for pulmonary embolism, 553
for stroke, 1398, 1401

for prevention, 1396

for venous thromboembolism, 850-853, 851t
for prevention, 852
for treatment, 852-853

Anticonvulsants. See Antiseizure drugs.
Antidepressants

for Alzheimer’s disease, 1452
for chronic pelvic pain, 1289
for insomnia, 104, 104t
for interstitial cystitis, 1072
for menopausal symptoms, 1285
for migraine, 1417
overdose of, 1689t
for pain, 118, 127, 128t
for peptic ulcers, 947
for smoking cessation, 158, 158t
for trigeminal neuralgia, 1464-1465

Antidiarrheal drugs, 963, 963t
for irritable bowel syndrome, 972
for short bowel syndrome, 999

Antidiuretic hormone (ADH), 289-291, 1048, 
1136t, 1138-1139

deficiency of, in diabetes insipidus, 1194-1195
inappropriate secretion of, 1193, 1193f, 1193t, 

1367
Antidysrhythmics, 801t

for acute coronary syndrome, 753
prodysrhythmic effects of, 801

Antiembolism stockings, 850
Antiemetics, 925-926, 926t

in chemotherapy, 250
in general anesthesia, 344t
with opioids, 126

Antiepileptics. See Antiseizure drugs.
Antiestrogens, for breast cancer, 1251-1252,  

1251t
Antifibrinolytics, for hemophilia, 656
Antifreeze poisoning, 1689t
Antigens, 203-204

CD, 205
human leukocyte, 219, 219f
major histocompatibility, 219
oncofetal, 253
tumor-associated, 252, 252f

Antihistamines
for allergic rhinitis, 500-502, 501t-502t
for hypersensitivity reactions, 215
for insomnia, 104, 104t
for nausea and vomiting, 926t
for skin disorders, 441

Antihypertensives, 717-722, 717t-719t
adherence to, 725
for chronic kidney disease, 1113
in combination therapy, 720, 721t
for hypertensive crisis, 726-727
mechanism of action of, 717t-719t, 720f
for nephrosclerosis, 1082
patient teaching for, 720-722
side effects of, 720-722, 725
types of, 717-722, 717t-719t

Antiinflammatory drugs, 176-177, 176t
Antimalarials

for rheumatoid arthritis, 1565t-1567t, 1573
for systemic lupus erythematosus, 1584

Antinuclear antibody, 1501t-1503t
Antiphospholipid syndrome, 1582-1583
Antiplatelet drugs

for acute coronary syndrome, 743f, 744t
for angina, 743f, 744t
for coronary artery disease, 740
for peripheral artery disease, 836

Antipruritics, for hypersensitivity reactions,  
215

Antipsychotics
for Alzheimer’s disease, 1452
for delirium, 1460
side effects of, 1460

Antireflux surgery, 935, 935f
Antiretroviral therapy, 237-238, 237t, 240b, 

241-242
patient teaching for, 240t, 242t
resistance to, 231, 235, 237t
side effects of, 243

Antiseizure drugs
dosage and administration of, 1424
for migraine, 1416-1417, 1417b
nonadherence for, 1424
for older adults, 1424
for pain, 127, 128t
for seizure disorders, 1422-1424, 1423t
side effects of, 1424
for trigeminal neuralgia, 1464-1465

Antithrombin, 627t
Antithymocyte globulin, for aplastic anemia, 642, 

642t
Antithyroid drugs, for hyperthyroidism, 

1198-1199
Anti–tumor necrosis factor drugs, for 

inflammatory bowel disease, 979, 979t
Antiviral drugs, for herpes simplex virus infection, 

1269
Antiviral protein, 207, 207f
Anuria, 1056t
Anus. See under Anal.
Anxiety. See also Psychologic problems.

in acute coronary syndrome, 757
in COPD, 587
in critical care, 1600
in dying patients, 148
preoperative, 319
in respiratory failure, 1663-1664

Aortic aneurysms, 841-843. See also Aneurysms.
acute interventions for, 844
ambulatory and home care for, 845
classification of, 841-842, 842f
clinical manifestations of, 842
collaborative care for, 842-843
complications of, 842
diagnosis of, 842
dissecting, 842f, 845-846, 845f, 846t
etiology of, 841-843
genetic factors in, 841
health promotion for, 844-845
nursing management of, 844-846

assessment in, 844
evaluation in, 845
implementation in, 844-845
planning in, 844

pathophysiology of, 841-843, 841f
rupture of, 842, 842f, 846
surgery for, 842-843

complications of, 843
endovascular graft placement in, 843, 843f
open, 842-843, 843f
postoperative care in, 844-845
preoperative care in, 844

Aortic bruits, abdominal, 875
Aortic dissection, 842f, 845-846, 845f, 846t
Aortic regurgitation, 821t, 823
Aortic stenosis, 821t, 822-823
Aortic valve, 687, 687f
Aphakia, 387
Aphasia, 1350t, 1394, 1394t, 1407t
Apheresis, for autoimmune diseases, 217-218
Aphthous stomatitis, 878t, 928t
Apical pulse, 696t, 697

Anticoagulants (Continued)
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Aplastic anemia, 642, 642t
Apnea, obstructive sleep, 107-108, 108f, 911
Apocrine sweat glands, 416
Apomorphine (Apokyn), for Parkinson’s disease, 

1435
Appendicitis, 973-974, 974f

peritonitis and, 974-975
Appetite

increased, in diabetes mellitus, 1156-1157
loss of. See Anorexia.
regulation of, 866-867, 909, 909f

Appetite stimulants, 895
Appetite suppressants, 915-916
Apraxia, 1350t, 1394-1395
Aquapheresis, for heart failure, 773
Aqueous humor, 369, 369f
Arava (leflunomide), for rheumatoid arthritis, 

1565t-1567t, 1573
Arcus senilis, 371t, 372f
ARDS. See Acute respiratory distress syndrome 

(ARDS).
Argatroban (Acova), for venous 

thromboembolism, 851t, 852
Arginine vasopressin. See Antidiuretic hormone.
Arginine-GHRH test, 1147t-1151t
Argon laser trabeculoplasty, for glaucoma, 399
Aricept. See Donepizil (Aricept).
Arimidex (anastrozole), for breast cancer, 

1251-1252, 1251t
Arixtra (fondaparinux), for venous 

thromboembolism, 851t, 852-853
Arm. See Upper extremity.
Arm-demi span, 894
Aromasin (exemestane), for breast cancer, 

1251-1252, 1251t
Aromatase inhibitors, for breast cancer, 1251-

1252, 1251t
Arrhythmias. See Dysrhythmias.
Arterial blood gas analysis, 306t, 478-479, 479t, 

491t-493t
in acid-base imbalances, 305-306
in endotracheal intubation, 1615

Arterial blood gases, 478-479, 479t
Arterial blood pressure, 690. See also Blood 

pressure.
Arterial bypass grafts, for peripheral artery 

disease, 837-839, 838f, 839t
Arterial ischemia, acute, 839-840
Arterial pressure–based cardiac output 

monitoring, 1606-1607, 1606f
Arterial pulse pressure, 690-691, 1607
Arterial ulcers, 696t, 835, 835t, 837
Arteries, 689, 689f

in older adults, 691
Arteriography. See also Angiography.

peripheral, 696t
renal, 1056t-1061t, 1058f

Arterioles, 689, 689f
Arteriosclerosis. See Atherosclerosis.
Arteriovenous fistulas, for hemodialysis, 1120, 

1120f
Arteriovenous grafts, for hemodialysis, 1120, 

1120f
Arteriovenous malformations, hemorrhagic 

stroke and, 1399
Arthralgia, 621
Arthritis, 1562-1568. See also Osteoarthritis; 

Rheumatoid arthritis.
cultural aspects of, 1569b
drug therapy for, 1565t-1567t
gouty, 1576-1578
lupus-related, 1582
Lyme, 1578-1579, 1687-1688
in older adults, 1576-1578
psoriatic, 1581

reactive, 1581-1582
in rheumatic fever, 819
septic, 1579

Arthrocentesis, 1499-1503, 1501t-1503t
Arthrodesis, 1535
Arthroplasty, 1534-1535

ankle, 1535
complications of, 1535-1536
elbow, 1535
finger joint, 1535
hip, 1525-1527, 1525f-1526f, 1526t, 1534
knee, 1534-1535
shoulder, 1535

Arthroscopy, 1499, 1499f, 1501t-1503t
Artificial airways, 1613-1615. See also 

Endotracheal intubation; Tracheostomy.
nursing management of, 1615-1627
speaking valves for, 511-512, 512f
tracheotomy for, 1613

Artificial heart, 1613
Artificial larynx, 516-517, 517f
Artificial skin, 466-467
Asbestos exposure

lung cancer and, 535
pneumoconiosis and, 535

Aschoff ’s bodies, 818-819
Ascites, 878t

cirrhotic, 1019-1021, 1020f, 1025
management of, 1022

Aseptic technique, 338, 339t
ASIA Impairment Scale, 1470, 1472f
Asian Americans. See Race/ethnicity.
Ask Me 3 program, 52
Asmanex (mometasone), for asthma, 570t-571t
Aspartate, 1337t
Aspartate aminotransferase, 884t
Aspiration

joint, 1499-1503
suction, in induced abortion, 1278-1279, 1278t
tracheal

in endotracheal intubation, 1618
in enteral nutrition, 899
in mechanical ventilation, 523, 1623
postoperative, 352t, 353
tracheostomy and, 510

transthoracic needle, 491t-493t, 493-494
Aspiration pneumonia, 524. See also Pneumonia.

lung abscess in, 534
prevention of, 527-528

Aspirin, 123, 123t. See also Nonsteroidal 
antiinflammatory drugs (NSAIDs).

asthma and, 562
for coronary artery disease, 740
for fever, 176-177, 176t
gastritis and, 941
gastrointestinal bleeding and, 956
for inflammation, 176-177, 176t
for ischemic stroke, 1398
peptic ulcers and, 943, 945-946
for peripheral artery disease, 836

after cryoplasty, 837
for rheumatoid arthritis, 1573

Assessment
in complementary and alternative therapy, 39b
comprehensive, 42, 45t
cultural, 30t, 31, 38. See also Culturally 

competent care, assessment in.
data collection in, 36-38
data organization in, 38
definition of, 36
delegation in, 38b
emergency, 44, 45t
focused, 44, 45t
interviews in, 37

nursing diagnoses in, 45
in nursing process, 6-7, 6f
nutritional, in older adults, 67, 67t
overview of, 44-45
in patient/caregiver teaching, 52-54
physical examination in, 41-42
problem identification in, 45
purpose of, 36
spiritual, 144-145, 144t
symptom investigation in, 37-38, 38t
terminology of, 36
types of, 42-45, 45t

Assignment, vs. delegation, 16
Assist-control ventilation, 1619-1620, 1620t
Assisted listening devices, 410
Assisted reproductive technologies, 1277-1278
Assisted suicide, 136
Assistive devices

for ambulation, 1521
assessment for, 1498-1499
for older adults, 73

Astereognosis, 1350t
Asterixis, 1021, 1104, 1110
Asthma, 210-211, 490t, 560-561

action plan for, 577-578, 578t
acute interventions in, 577-578
allergic reaction in, 562-564, 563f, 566-567
ambulatory and home care for, 575b, 578-580
classification of, 565, 565t
clinical manifestations of, 564-565
collaborative care in, 566t, 567-569
complications of, 565
COPD and, 580
cough-variant, 564
cultural aspects of, 561b, 580
diagnosis of, 565-567, 566t
drug therapy for

for acute exacerbations, 568-569, 568t
bronchodilators in, 568-569, 568f, 568t, 

570t-571t, 572
corticosteroids in, 568-571, 570t-571t, 571f
inhalers in, 572-574, 573f-574f, 574t
for intermittent and persistent asthma, 568, 

568f, 568t
for long-term control vs. quick relief, 568t
nebulizers in, 574-575
nonprescription drugs in, 575
patient teaching for, 575, 591f
for severe/life-threatening exacerbations, 

568t, 569
drug-related, 562
early-phase response in, 563, 563f-564f
exercised-induced, 562
gender differences, 1601, 1602b
genetic factors in, 561
home monitoring in, 575b
immune response in, 562
late-phase response in, 563-564, 563f
level of control in, 567-568, 567t
nursing care plan for, 576b
nursing management of, 575-580

assessment in, 575, 577t
evaluation in, 580
implementation in, 577-580
nursing diagnoses in, 575
planning in, 576

occupational, 562
in older adults, 580
pathophysiology of, 562-564, 563f-564f
patient teaching for, 575, 578-580, 579t, 581t, 

591f
preventive measures for, 577
psychologic factors in, 562
pursed-lip breathing for, 578, 579t
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respiratory failure in, 1657
risk factors/triggers for, 561-562, 561t
severe/life-threatening exacerbations in, 565, 

566t, 569
severity of, 565t
vs. COPD, 565, 566t

Asthma triad, 562
Astigmatism, 369, 387-388
Astrocytes, 1336
Asystole, 801
Ataque de nervios, 30t
Ataxia, 1350t
Ataxic gait, 1500t
Atelectasis, 477, 477f, 490t, 550, 1666

absorption, 592
postoperative, 351, 352t, 353f

Atgam (lymphocyte immune globulin), for 
transplant immunosuppression, 222t, 223

Atherectomy, for peripheral artery disease,  
837

Atheromas, 731
Atherosclerosis, 731-735. See also Coronary 

artery disease.
hypertension and, 734
peripheral artery disease and, 834

Athetosis, 1460
Atonic seizures, 1421
Atopic dermatitis, 211, 211f, 438t

immunomodulators for, 442
Atopic reactions, 209t, 210-211

asthma and, 561, 566-567
Atrial fibrillation, 794t, 795f, 796-797
Atrial flutter, 794t, 795-796, 795f
Atrial gallop, 697
Atrial natriuretic peptide, 698, 699t-703t, 1048

in blood pressure regulation, 711
in fluid and electrolyte balance, 290

Atrioventricular block
first-degree, 794t, 797-798, 798f
second-degree

type I (Mobitz I/Wenckebach), 794t, 798, 
798f

type II (Mobitz II), 794t, 798, 798f
third-degree (complete), 794t, 798-799, 798f

Atrium, 687, 687f
Atrophic gastritis, autoimmune, 941
Atrophy

muscle, 1492, 1500t, 1521t
skin, 420t

Atrovent. See Ipratropium (Atrovent).
Atypical mycobacterial infections, 533
Atypical nevi, 432t, 433f, 434-435
Aubagio (teriflunomide), for multiple sclerosis, 

1430, 1430t
Audiometry, 382-384, 383t-384t
AUDIT questionnaire, 165, 165t
Auditory brainstem response, 383t-384t
Auditory evoked potentials, 383t-384t
Auditory system. See also Ear.

assessment of, 379-382, 379b
diagnostic tests in, 382-384, 383t
health history in, 379-381, 380t
physical examination in, 381-382, 382t

in older adults, 379, 380t
structures and functions of, 377-378, 379f

Augmentation mammoplasty, 1257-1259
Augmented coughing, 1661-1662, 1662f
Aura, 1415
Auricle, 377-378, 379f
Auscultation, 41-42, 42f

of abdomen, 875, 1055
of arteries, 695

of chest, 487-488, 488f, 488t, 695, 697-698
of thyroid gland, 1144

Autoimmune disorders, 209, 217-218
apheresis for, 217-218
classification of, 217, 217t
examples of, 217t
HLA-associated, 219
plasmapheresis for, 218

Autoimmune hepatitis, 1016
Autoimmune metaplastic atrophic gastritis, 

941
Autoimmune polyglandular syndrome, 1211
Autoimmunity, 217
Automated peritoneal dialysis, 1119
Automatic external defibrillator, 1697, 1697f, 

1697t
Automatic tube compensation, 1622
Automatisms, in focal seizures, 1421
Autonomic dysreflexia, 1479
Autonomic nervous system, 1340-1342

in cardiovascular regulation, 690, 787-788
in gastrointestinal regulation, 866

Autonomic neuropathy, diabetic, 1183
Auto-PEEP, 1621
Autosomes, 191
Autosplenectomy, in sickle cell disease, 645
Autotransfusions, 680, 1519
Autotransplantation, of parathyroid gland, 1206
Avanafil (Stendra), 1328, 1328b
Avandia (rosiglitazone), for diabetes mellitus, 

1163, 1164t
Avascular necrosis, of hip, 1508
Avastin. See Bevacizumab (Avastin).
Aventyl (nortriptyline), for smoking cessation, 

158, 158t
Avodart (dutasteride), for benign prostatic 

hyperplasia, 1310
Avonex (interferon-β), for multiple sclerosis, 1430, 

1430b, 1430t
Avulsion fractures, 1507
Axillary lymph node dissection, in breast cancer, 

1245-1246, 1246f, 1249
Axons, 1336, 1336f
Ayurveda, 81t
Azathioprine (Imuran)

for inflammatory bowel disease, 979, 979t
for transplant immunosuppression, 222t

Azilect (rasagiline), for Parkinson’s disease,  
1435

Azotemia, 1101-1102
Azulfidine. See Sulfasalazine (Azulfidine).

B
B cells, 205, 205f

in cancer, 253
Bacille Calmette-Guérin

for bladder cancer, 1086
for tuberculosis, 532

Back pain
cervical, 1548, 1550-1551, 1550t
dialysis-related, 1119
low, 1544-1545

acute, 1545
acute interventions for, 1571-1572
ambulatory and home care for, 1572-1574
in ankylosing spondylitis, 1580
assessment in, 1568t
chronic, 1547
in degenerative disc disease, 1547-1549, 

1548f, 1548t
health promotion for, 1571
patient teaching for, 1569t

prevention of, 1565b, 1571
in spinal stenosis, 1547

yoga for, 1547b
Back rubs, 83-84, 84f, 95
Back School, 1545
Baclofen (Lioresal), for pain, 127, 128t
Bacteria, antibiotic-resistant, 229-230, 229t-230t
Bacterial infections, 227, 227t
Bacterial meningitis, 1381-1383, 1381t-1382t

immunization for, 1383
Bacterial vaginosis, 1286-1287, 1286t
Bag-valve-mask, 1614
Balance problems, 379-382

assessment of, 379-382
Balanced-suspension traction, 1514-1515, 1515f
Ball and socket joints, 1492f
Balloon angioplasty, 745-746, 746f, 758b
Balloon tamponade, for variceal bleeding, 1022, 

1025-1026
Balloon thermotherapy, for menorrhagia, 1281, 

1282f
Balloon valvuloplasty, percutaneous transluminal, 

824, 824f
Band ligation, of esophageal varices, 1022
Bandages, compression

for soft tissue injuries, 1507
for stumps, 1532, 1533f

Barbiturates
abuse of, 155t, 162-164, 163t-164t
in anesthesia, 343t
for increased ICP, 1364-1365
overdose of, 1689t

Bariatric surgery, 916-918, 917t, 918f
for diabetes mellitus, 1169, 1170b
perioperative care in, 918-920

Barium enema, 879-882, 879f, 879t-882t
Barium swallow, 879, 879t-882t
Baroreceptors, 690, 710-711
Barotrauma, in mechanical ventilation, 

1622-1623, 1668
Barrett’s esophagus, 932, 937
Basal body temperature assessment, 1233t-1235t
Basal cell carcinoma, 431, 432t, 433f
Basal ganglia, 1339
Base pairs, 192, 192f
Basic life support, 1696-1698. See also 

Cardiopulmonary resuscitation.
Basiliximab (Simulect), for transplant 

immunosuppression, 222t, 223
Basophils, 614f, 616
Baths, therapeutic, 443
Battle’s sign, 1369, 1369f
Becaplermin (Regranex), 183
Becker muscular dystrophy, 1544, 1544t, 1545b
Beclomethasone (Qvar), for asthma, 570t-571t
Bedbugs, 437, 437t
Beds, rotating, 1476, 1477f
Bee stings, 437, 437t, 1687
Behavior modification. See also Lifestyle 

modifications.
for urinary incontinence, 1089t, 1090
for urinary retention, 1092
for weight loss, 915

Belatacept (Nulojix), for transplant 
immunosuppression, 222t, 223

Belching, 878t
Bell’s palsy, 1466-1467, 1466f

in Lyme disease, 1578
Belviq (lorcaserin), 916
Bence Jones protein, 629t
Benemid (probenecid), for gout, 1578
Benign neoplasms, 253, 253t
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Benign paroxysmal positional vertigo, 406
Benign prostatic hyperplasia (BPH), 1307-1312, 

1308f
active surveillance in, 1310
ambulatory and home care for, 1314
case study of, 1330b
clinical manifestations of, 1308, 1309t
collaborative care for, 1309t, 1310-1312
complications of, 1309
diagnosis of, 1309-1310, 1309t
etiology of, 1307-1308
health promotion for, 1313
minimally invasive therapy for, 1310-1312, 

1311t
nursing management of, 1312-1320, 1313t
pathophysiology of, 1307-1308
risk factors for, 1308
surgery for, 1311t, 1312

postoperative care in, 1313-1314
preoperative care in, 1313

Benzodiazepines
abuse of, 155t, 162-164, 163t-164t
for delirium, 1460
in general anesthesia, 344t
for insomnia, 104, 104t
overdose of, 1689t

Bereavement, 143-144
Beta blockers

for acute coronary syndrome, 743f, 744t, 753
for angina, 743f, 744t, 745
for glaucoma, 400t
for heart failure, 774t, 776-777
for hypertension, 717-720, 717t-719t
for hyperthyroidism, 1199

Beta2-adrenergic agonists, for asthma, 568, 568t, 
570t-571t, 572

Beta-amyloid, in Alzheimer’s disease, 1446-1447, 
1446f-1447f

Betaseron (interferon-β), for multiple sclerosis, 
1430, 1430b, 1430t

Bethanecol (Urecholine), for GERD, 934, 934t
Bevacizumab (Avastin), 273

for brain tumors, 1377, 1377b
Bias, health disparities and, 23
Bicalutamide (Casodex), for prostate cancer, 

1319t, 1320
Bicarbonate

for poisoning, 1690
in urinary assessment, 1056t-1061t

Biceps reflex, 1349, 1349f
Bichloroacetic acid, for genital warts, 1269
BiDil, for heart failure, 777
Bier block, 344-345
Biguanides, 1163, 1164t
Bile, 868t, 870, 870t

measurement of, 884t
Bile acids, for gallstone dissolution, 1038
Bile reflux gastritis, 950
Bile-acid sequestrants, 739t, 740
Bilevel positive airway pressure, 1622,  

1662-1663
Biliary colic, 1037
Biliary disorders, 1036-1039. See also Gallbladder 

disease.
Biliary obstruction, 1037t
Biliary sludge, 1030, 1037
Biliary tract, 869f, 870
Biliopancreatic diversion with duodenal switch, 

917t, 918f
Bilirubin, 628t, 870, 870f

serum, 884t
urinary, 884t, 1062t

Bilis, 30t
Billroth procedures. See also Gastric surgery.

for peptic ulcers, 949-950

Binge-eating disorder, 903
Biofeedback

for constipation, 967
for headache, 1416
for seizures, 1424
for urinary incontinence, 1087b, 1089t

Biofield therapies, 85
Biologic agents, in terrorism, 1690
Biologic and targeted therapy

for cancer, 271-273, 271f, 272t
of breast, 1251t, 1252
of colon, 988
of lung, 539

for connective tissue disorders, 1565t-1567t
for inflammatory bowel disease, 979, 979t
for multiple sclerosis, 1430, 1430t
for rheumatoid arthritis, 1565t-1567t, 1573
for skin disorders, 442
for systemic lupus erythematosus, 1584

Biologic therapy, 271
Biopsy, 256

bone marrow, 628-630, 629t, 630f
brain, 1377
breast, 1233t-1235t, 1240
cervical, 1293
endometrial, 1233t-1235t, 1294
endomyocardial, 818
liver, 879t-882t, 883

in hepatitis, 1010
lung, 491t-493t, 493-494, 494f
lymph node, 629t, 630
prostate, 1316
renal, 1056t-1061t
skin, 425t, 442, 442f

Biotin, 430
Birth control pills. See Oral contraceptives.
Bisacodyl (Dulcolax), 966
Bisexuality, health disparities and, 22-23
Bisphosphonates

for hypercalcemia, 299
in hyperparathyroidism, 1206

for multiple myeloma, 674, 674b
for osteoporosis, 1555t, 1556, 1556b
for Paget’s disease, 1557
prophylactic, 1285

Bites
animal, 1688
human, 1688
insect, 215, 437, 437t, 1687
tick, 437, 437t, 1687-1688, 1687f

Bivalirudin (Angiomax), for venous 
thromboembolism, 851t, 852

Biventricular pacing, 775, 775f, 776b, 804
Black cohosh, 1285b
Black lung, 535
Bladder

cancer of, 261, 1085, 1085f, 1086t
catheterization of. See Urinary catheterization.
flaccid, in multiple sclerosis, 1429
neurogenic, 1350t

in diabetes mellitus, 1183
in spinal cord injury, 1478-1481,  

1480t-1481t
painful, 1071-1072

Bladder calculi. See Urinary tract calculi.
Bladder irrigation, 1313

delegation of, 1320b
Bladder neck obstruction, 1076, 1076f
Bladder outlet obstruction, 1076, 1076f

urinary retention and, 1091
Bladder retraining, 1089t

in spinal cord injury, 1481
Bladder spasms

in multiple sclerosis, 1429
postoperative, 1314

Bleach ingestion, 1689t
Bleeding. See also Hemorrhage.

acute
anemia due to, 638t, 642-643
clinical manifestations of, 643t

anticoagulant-induced, 854, 854b
chronic, anemia due to, 638t, 643
in chronic kidney disease, 1110
dialysis-related, 1119
in disseminated intravascular coagulation, 

658-660, 658f
emergency management of, 1677-1678
gastrointestinal. See Gastrointestinal bleeding.
in hemodialysis, 1122
in hemophilia, 655-657, 656f
joint, 1507

in hemophilia, 655, 656f, 657
nasal, 498
postcoital, 1228
in thrombocytopenia, 651, 654-655
vaginal. See Vaginal bleeding.

Bleeding time, 627t
Blepharitis, 376t, 389-390
Blepharoplasty, 446
Blindness, 388

legal, 374, 388
Blom-Singer voice prosthesis, 517, 517f
Blood, 614-616

components of, 614-616. See also Blood cells; 
Plasma.

functions of, 614t
HIV transmission via, 232, 241
hypercoagulability of, 848
states of, 30t
in stool, 878t, 954
thin, 30t
in urine, 1056t
in vomitus, 620, 878t

Blood alcohol level, 159-160
Blood cells, 614-616, 615f

development of, 613-614, 614f
production of, 613-614, 1490f

in bone marrow, 613-614, 614f, 1490-1491, 
1490f

in spleen, 618
Blood component therapy. See Transfusion(s).
Blood gas values

arterial, 306t, 478-479, 479t, 491t-493t
in acid-base imbalances, 305-306
in endotracheal intubation, 1615

mixed venous, 479, 480t
Blood glucose monitoring

continuous, 1168-1169, 1168f
patient teaching for, 1169t
self-monitoring in, 1167-1169, 1169t

Blood pressure, 690-691
cardiac output and, 690
diastolic, 690
measurement of, 690, 694, 723-724, 723t

at home, 724-725, 725b
monitoring of

ambulatory, 715
invasive, 1604-1606. See also Hemodynamic 

monitoring.
regulation of, 710-712, 710f

baroreceptors in, 690, 710-711
endocrine system in, 710f, 711-712
renal system in, 710f, 711
sympathetic nervous system in, 710-711, 

710f, 711t, 713
vascular endothelium in, 710f, 711, 713

segmental, 835
systemic vascular resistance and, 690
systolic, 690

Blood products. See Transfusion(s).
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Blood tests, 625-630, 629t. See also Hematologic 
system, assessment of.

Blood typing, 626-627, 627t
for platelet transfusions, 677

Blood urea nitrogen (BUN), 1056t-1061t
in acute kidney injury, 1104
in chronic kidney disease, 1108

Blood urea nitrogen/creatinine ratio, 1056t-1061t
Blood vessels, 689-690, 689f

neural control of, 690
in older adults, 691

Blood volume expanders, 309, 346
Blood-brain barrier, 1342
Blue toe syndrome, 842
Bobath method, 1409
Boceprevir (Victrelis), 1013
Body fat

measurement of, 893
visceral, 907, 907f, 910

metabolic syndrome and, 921
Body jacket brace, 1516
Body language, 27-28, 50
Body lice, 437, 437t
Body mass index (BMI), 894, 906-907, 907f, 907t
Body shape, health implications of, 907, 908t
Body temperature. See Temperature.
Body water content, 286, 286f. See also Fluid.
Body weight. See Weight.
Bombs

dirty, 1691
nuclear, 1691

Bone
cancellous, 1489-1490, 1490f
cortical, 1489, 1490f
healing of, 1512-1513, 1513f
metabolic disease of, 1553-1555
in older adults, 1493-1494, 1494t
Paget’s disease of, 1557
structures and functions of, 1489-1504
types of, 1490f, 1491

Bone marrow, 613-614, 1490-1491, 1490f
Bone marrow biopsy, 628-630, 629t, 630f
Bone marrow suppression, in cancer, 265, 

266t-267t
Bone marrow transplantation, 274-276

for sickle cell disease, 647
Bone mass, age-related loss of, 1554, 1554f
Bone mineral density tests, 1501t-1503t, 1555
Bone remodeling, 1490, 1554

in older adults, 1494
Bone scans, 1501t-1503t
Bone tumors, 1542-1543
Boniva (ibandronate), for osteoporosis, 1556
Borborygmi, 875, 878t
Borg Rating of Perceived Exertion Scale, 760,  

760t
Botulinum toxin (Botox)

for achalasia, 940
for migraine, 1417, 1418b
for urinary incontinence, 1089b

Botulism, 957-958, 958t, 1468
Bouchard’s nodes, 1563
Bougies, 940
Boutonnière deformity, 1500t, 1570-1571, 1571f
Bowel dilation, in mechanical ventilation, 1624
Bowel elimination, 868-869, 968, 969t. See also 

Constipation; Diarrhea.
in Alzheimer’s disease, 1455
painful, 878t
in spinal cord injury, 1481-1482, 1481t
after stroke, 1395

Bowel, neurogenic, 1472
in spinal cord injury, 1481-1482, 1481t

Bowel preparation
for diagnostic procedures, 989, 1055
for surgery, 988

Bowel sounds, 875, 878t
Bowel training, 966

in spinal cord injury, 1479
Bowlegs, 1500t
Brace

body jacket, 1516
sternal-occipital-mandibular, 1476, 1477f
thoracic-lumbar-sacral orthosis, 1556

Brachioradialis reflex, 1349
Brachytherapy, 264-265. See also Radiation 

therapy.
for breast cancer, 1250, 1250f
for female reproductive cancer, 1297-1300
for head and neck cancer, 513
for prostate cancer, 1318-1319

Braden Scale, 186
Bradycardia

sinus, 793, 793f, 794t
in spinal cord injury, 1471-1472, 1477-1478

Bradykinesia, in Parkinson’s disease, 1434
Brain. See also under Cerebral.

biopsy of, 1377
chemo, 266t-267t, 1251
inflammation of, 1381-1383, 1381t
structures and functions of, 1338-1340, 1339f

Brain abscess, 1381
Brain attack, 1388. See also Stroke.
Brain death, 142, 1373b
Brain fag, 30t
Brain injuries, 1369-1370. See also Head 

injuries.
bleeding in, 1370
case studies of, 1385b
contusions, 1370
coup-contrecoup, 1370, 1370f
diffuse (axonal), 1370
diffuse (concussion), 1369-1370
focal, 1370
lacerations, 1370

Brain tumors, 1375-1378
chemotherapy for, 1377
clinical manifestations of, 1376, 1376t
collaborative care for, 1377-1378
complications of, 1376
cultural aspects of, 1375b
diagnosis of, 1377
metastatic, 1375, 1375t
nursing management of, 1378-1379
primary vs. secondary, 1375
radiation therapy for, 1377
stereotactic radiosurgery for, 1377
surgery for, 1377. See also Cranial surgery.
targeted therapy for, 1377
types of, 1375-1376, 1375t
ventricular shunts for, 1377

Brainstem, 1339, 1339f
BRCA genes

in breast cancer, 1243-1244, 1244b, 1253-1254
in ovarian cancer, 1244, 1254, 1294-1295
in prostate cancer, 1315

Breakthrough pain, 121
Breast

age-related changes in, 1242-1243
benign tumors of, 1241t, 1242
biopsy of, 1233t-1235t, 1240
calcifications in, 1239f, 1240
cysts of, 1241t
ductal ectasia in, 1241t
enlarged, in males, 1242
examination of, 1230

fat necrosis in, 1241t
fibroadenoma of, 1241t, 1242
fibrocystic changes in, 1241, 1241f, 1241t
imaging of, 1233t-1235t, 1236
infections of, 1240-1241
intraductal papilloma of, 1242
in lactation, 1221, 1222f
Paget’s disease of, 1245
painful, 1240
structures and functions of, 1221-1222,  

1222f
Breast abscess, lactational, 1240-1241, 1241t
Breast augmentation, 1257-1259
Breast cancer, 1243-1252

acute interventions for, 1254-1255
ambulatory and home care for, 1255
axillary node dissection for, 1245-1246, 1246f, 

1249
biopsy in, 1233t-1235t, 1240
case study of, 1258b
chemotherapy for, 1250-1251
clinical manifestations of, 1245
collaborative care for, 1247-1252
complications of, 1245, 1246t
cultural aspects of, 1252, 1253b
diagnosis of, 1239-1240, 1245-1247
emotional and psychologic care in, 1255
estrogen/progesterone status in, 1246, 1251
etiology of, 1243
exercise and, 1252b
follow-up and survivorship care in, 1252
genetic factors in, 1243-1244, 1244b, 1246-1247, 

1253-1254
genomic assays in, 1246-1247
health promotion for, 1253-1254
inflammatory, 1245
invasive, 1244t, 1245

lobular, 1245
location of, 1245, 1245f
lymphatic mapping for, 1245-1247
lymphedema in, 1249, 1249f
in men, 1244
metastatic, 1244-1245, 1246t
noninvasive, 1244-1245, 1244t
nursing management of, 1253-1255

assessment in, 1253, 1253t
evaluation in, 1255
implementation in, 1253-1255
nursing diagnoses for, 1253
planning in, 1253

obesity and, 911-912
in older adults, 1255-1256
prognostic factors in, 1246
radiation therapy for, 1249-1250, 1249b

brachytherapy in, 1250, 1250f
palliative, 1250

radiologic studies in, 1239-1240, 1239f
recurrence of, 1245, 1246t
risk factors for, 1243, 1243t

in men, 1244
screening for, 1238-1239
sentinel node dissection for, 1245-1246, 1246f
staging of, 1247, 1247t
surgery for, 1247-1249, 1248t

breast-conserving, 1247-1249, 1248f, 1248t
modified radical mastectomy, 1248f, 1249. 

See also Mastectomy.
prophylactic, 1254
reconstructive, 1254, 1256-1257, 1256f-1257f

triple-negative, 1246
tumor markers in, 1247
types of, 1244, 1244t

Breast (Continued)
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Breast disorders, 1238-1260
benign, 1240-1241
clinical manifestations of, 1231t
imaging studies in, 1233t-1235t, 1236
malignant. See Breast cancer.
nipple in, 1231t, 1233t-1235t, 1242, 1245

Breast examination
clinical, 1239
self-examination, 1239

Breast implants
cosmetic, 1257-1259
in reconstruction, 1256-1257, 1256f

Breast reduction surgery, 1257-1259
Breastfeeding

breast abscess and, 1240-1241, 1241t
lactation and, 1221, 1222f
mastitis and, 1240

Breath sounds, 487-488, 488f, 488t, 1659
Breathing. See also Respiration.

abdominal, 93-94, 93t
deep postoperative, 354
diaphragmatic, 594

in spinal cord injury, 1470-1471
paradoxic, 1659
pursed-lip, 485f, 593, 1659
relaxation, 93-94, 93t
sleep-disordered, 107-108

Breathing retraining, 593-594
Breslow measurement, 433, 433f
Brevital (methohexital), 343t
Broca’s aphasia, 1394, 1394t
Bromocriptine

for diabetes mellitus, 1164t, 1165
for Parkinson’s disease, 1435, 1435b

Bronchi, 476-478, 476f-477f
Bronchial breath sounds, 488, 488t, 1659
Bronchial circulation, 478
Bronchial thermoplasty, for asthma, 569
Bronchiectasis, 561, 606

in cystic fibrosis, 602, 603f
Bronchioles, 476f-477f, 477
Bronchiolitis obliterans, 557
Bronchitis

acute, 522
chronic, 580. See also Chronic obstructive 

pulmonary disease (COPD).
Bronchoalveolar lavage, 490-493
Bronchoconstriction, reflex, 481
Bronchodilators

for asthma, 568-569, 568f, 568t, 570t-571t, 572
for COPD, 588-589, 589t
for respiratory failure, 1663

Bronchophony, 488, 488t
Bronchoscopic laser therapy, for lung cancer, 539
Bronchoscopy, 490-493, 491t-493t, 492f
Bronchospasm, postoperative, 352t, 353
Bronchovesicular breath sounds, 488, 488t
Brovana (aformoterol), for asthma, 570t-571t
Brown-Séquard syndrome, 1472t
Bruises, 422t

in dark-skinned patients, 421t
Bruits, 695, 696t, 1144

abdominal, 875, 878t, 1055
B-type natriuretic peptide, in blood pressure 

regulation, 698, 699t-703t, 711
Buck’s traction, 1514, 1514f, 1525
Budesonide (Pulmocort, Flexhaler), for asthma, 

570t-571t
Budesonide/formoterol (Symbicort), for asthma, 

570t-571t
Buerger’s disease, 840
Buffers, 303
Bulimia nervosa, 903
Bulking agents, for urinary incontinence, 1089
Bullectomy, for emphysema, 596

Bull’s eye rash, in Lyme disease, 1578, 1578f
Bunions, 1551f, 1552t

in rheumatoid arthritis, 1570-1571, 1571f
Buprenorphine, 124, 125t
Bupropion, for smoking cessation, 158, 158t
Burkitt’s lymphoma, 671
Burn shock, 457-461, 457f-458f
Burns, 450-472, 452t

acid, 451
airway, 451-452, 452t, 456t, 459, 460t
airway management in, 459
alkali, 451
case study of, 470b
causes of, 451t
chemical, 451, 457t
classification of, 453-454
clinical manifestations of, 458, 464, 468
complications of, 458-459

cardiovascular, 458-459, 464
endocrine, 465
gastrointestinal, 465
infectious, 464
musculoskeletal, 465
neurologic, 464-465
renal, 459
respiratory, 459, 464

definition of, 450
depth of, 451f, 453
of ear, 462
electrical, 452, 452f, 456t
extent of, 453
of eye, 390t, 462
facial, 458f, 462
fluid and electrolyte shifts in, 457-458, 457f, 464
full-thickness, 451f, 453, 454t
of hand, 462
healing of, 458, 468
hypovolemic shock and, 457-461, 457f-458f
immune response in, 458
inflammation in, 458
location of, 453-454, 462
management of, 459-465, 460t

in acute phase, 464-465
collaborative care in, 460t
drug therapy in, 462-463, 463t, 467
emergency, 455-459, 455t-457t
fluid therapy in, 459-461, 460t
nutritional therapy in, 463-464, 463b, 

467-468
phases of, 454-459
physical and occupational therapy in, 467
prehospital, 454-455
in rehabilitation phase, 468

nursing staff needs and, 470
nutritional therapy for, 463-464, 463b, 467-468
in older adults, 469-470
pain management for, 463t, 467
partial-thickness, 451f, 453, 454t
pathophysiology of, 457-458, 464, 468
perineal, 462
prevention of, 451t
psychosocial aspects of, 469-470, 469t
radiation, 266t-267t, 269, 270t
referral for, 453, 453t
risk factors in, 454
scald, 451f
scarring in, 468, 468f
severity of, 453-454
smoke and inhalation injuries with, 451-452, 

452t, 456t, 459, 460t
stress ulcers in, 954
thermal, 451
types of, 451-452
venous thromboembolism and, 459, 463, 463t
wound care in, 460t, 461-462, 465

artificial skin in, 466-467
debridement in, 461, 461f
dressings in, 461
escharotomy in, 458, 458f
excision and grafting in, 452-454, 461, 462t, 

465-467
Bursitis, 1493, 1511
Buserelin (Suprefact), for prostate cancer, 

1319-1320, 1319t
Butorphanol (Stadol), 124, 125t
Butterfly rash, 1582, 1583f
BVS 5000 Support System, 784
Byetta (exenatide), for diabetes mellitus, 1165
Bypass grafts

arterial, for peripheral artery disease, 837-839, 
838f, 839t

coronary artery, 752-753, 752f, 757-758, 758b
minimally invasive, 752
off-pump, 753

C
C fibers, 117
CA-125, 253

in endometrial cancer, 1294
in ovarian cancer, 1295-1296

Caffeine
health effects of, 155t, 162
insomnia and, 105, 106t

Calcaneal stress fractures, 1552t
Calcifications, breast, 1239f, 1240
Calcimar. See Salmon calcitonin (Calcimar).
Calcimimetics, for hypercalcemia, in 

hyperparathyroidism, 1206
Calcineurin inhibitors, for transplant 

immunosuppression, 222-223, 222t
Calcitonin, 299, 1136t, 1139

for osteoporosis, 1556
for Paget’s disease, 1557

Calcium
in bone disease, 1501t-1503t
food sources of, 1555t
measurement of, 1147t-1151t
recommended daily intake of, 891t
supplemental

for CKD-MBD, 1113
for hypoparathyroidism, 1207
for osteoporosis prophylaxis, 1285, 1555, 

1556t
in urinary assessment, 1056t-1061t

Calcium balance
disturbances of, 298-300, 299t. See also 

Hypercalcemia; Hypocalcemia.
regulation of, 299

kidney in, 1048
parathyroid hormone in, 1137, 1137f

Calcium channel blockers
for acute coronary syndrome, 743f, 744t
for angina, 743f, 744t, 745
for hypertension, 717t-719t, 720

Calcium gluconate, for hyperkalemia, in acute 
kidney injury, 1105-1106, 1105t

Calcium glycerophosphate (Prelief), for interstitial 
cystitis, 1072

Calcium oxalate stones, 1077, 1078t, 1079f. See 
also Urinary tract calculi.

Calcium phosphate stones, 1077, 1078t. See also 
Urinary tract calculi.

Calcium-scoring CT scan, 699t-703t, 706
Calculi

biliary, 1036-1039, 1036f
urinary tract, 1076-1080. See also Urinary tract 

calculi.
Callus, fracture, 1513
Calluses, 1552t

Burns (Continued)
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Caloric stimulus test, 383t-384t
Calories

daily allowance of, 887-888, 888t
for older adults, 896

in parenteral nutrition solutions, 901
Campylobacter jejuni infection, diarrhea in, 

962-963, 962t
Canagliflozin (Invokana), for diabetes mellitus, 

1164t, 1165
Canal of Schlemm, 369, 369f
Cancellous bone, 1489-1490, 1490f
Cancer, 247-284, 1698

biology of, 248-253
biopsy of, 256
bladder, 261, 1085, 1085f, 1086t
bone, 1542-1543
brain, 1375-1378
breast, 1243-1252
cardiac tamponade in, 278
carotid artery rupture in, 278-279
cell differentiation in, 249, 249f
cell proliferation in, 248-249, 249f
cervical, 1292-1293, 1292b, 1293f
classification of, 253-255, 254t
collaborative care in, 256-265
colorectal, 985-988
complications of, 276-280

nutritional, 276-277, 276t
cultural factors in, 281-282, 929b
development of, 250, 250f

initiation in, 250
latent period in, 251
metastasis in, 251-252, 251f-252f
progression in, 251-252
promotion in, 251

diagnosis of, 255-256, 256f
early detection of, 255-256, 255b, 255t
emergencies in, 277-279. See also Oncologic 

emergencies.
endometrial, 1292b, 1293-1294
esophageal, 929b, 937-938, 937t

obesity and, 911-912
functional status in, 255
gallbladder, 1041
gender differences in, 248, 248b, 248t
genetic aspects of, 249-250
head and neck, 512-514, 928t-929t, 929-930, 

929b
histologic grading of, 254
hypercalcemia in, 278, 299
immune response in, 252-253, 252f-253f
incidence of, 248t
infections in, 277
Kaposi’s sarcoma, 234, 234f, 236t
kidney, 1050, 1084, 1084f, 1084t
after kidney transplant, 1128
laryngeal, 512-514, 519b
legal/ethical issues in, 280b
leukemia, 664-668, 665t
liver, 884t, 1017b, 1027-1028, 1028f
lung, 535-539
lymphoma, 669-670
multiple myeloma, 673-674, 680b
nutrition in, 276-277, 276t
obesity and, 911-912, 911f
ocular, 402
in older adults, 280-281
oral, 929-930, 929b, 929t-930t
ovarian, 1292b, 1294-1296
pain in, 279, 279t
pancreatic, 1035-1036, 1036f
penile, 1323
prevention of, 255-256, 255b

prostate, 1314-1320
psychologic support in, 279-280
secondary, 250
seven warning signs of, 255t
SIADH in, 278
skin. See Skin cancer.
spinal cord compression in, 277
staging of, 254-255
stomach, 929b, 951-952
superior vena cava syndrome, 277, 277f
survivorship in, 248t, 281
syndrome of inappropriate antidiuretic 

hormone secretion in, 278
testicular, 1315b, 1325
third space syndrome in, 277
thyroid, 1204
treatment of

biologic and targeted therapy in, 271-273, 
271f, 272t

chemotherapy in, 258-262
for control, 257-258, 257f
coping with, 271
for cure, 257-258, 257f
gene therapy in, 276
goals in, 256-258, 257f
hematopoietic growth factors in, 273-274, 

274t
hematopoietic stem cell transplant in, 

274-276, 274t, 275f
late effects of, 271
neoadjuvant, 258
for palliation, 257-258, 257f. See also 

End-of-life care.
psychosocial aspects of, 271
radiation therapy in, 262-265
side effects of, 265, 266t-267t
surgical, 258, 258f

tumor lysis syndrome in, 278
vaginal, 1296
viral infections and, 251
vs. benign tumors, 253, 253t
vulvar, 1296-1297

Candidiasis, 436t
cutaneous, 435
HIV-related, 234, 234f, 236t
oropharyngeal, 506-507, 878t
vulvovaginal, 1286-1287, 1286t

Canes, 1521
Canker sores, 878t, 928t
Cannabis

for pain, 128-129
use/abuse of, 155t, 163t, 164-165

Cannula, nasal, 590t-591t
Capecitabine (Xeloda), 988
Capillaries, 689, 689f

fluid movement in, 288-289, 289f
Capillary fragility test, 627t
Capillary refill, 695, 696t, 1518
Capnography, 479-480, 480t, 491t-493t

in endotracheal intubation, 1616
Capsaicin (Zostrix), 128t, 130

for osteoarthritis, 1564-1567, 1565t-1567t
Capsule endoscopy, 883, 883f
Captopril (Capoten), for heart failure, 776b
Carafate. See Sucralfate (Carafate).
Carbamazepine (Tegretol), 1424b
Carbohydrate(s), 888

in diabetic diet, 1166-1167
glycemic index and, 1166
metabolism of, in chronic kidney disease, 

1108-1109
Carbohydrate counting, 1167

Carbon dioxide monitoring, 479-480, 480t, 
491t-493t

Carbon dioxide narcosis, in oxygen therapy, 592
Carbon monoxide poisoning, 1689t
Carbonic acid–bicarbonate buffer system, 302f, 

303
Carbonic anhydrase inhibitors, for glaucoma, 400t
Carboxyhemoglobin, 452
Carbuncles, 434t
Carcinoembryonic antigen, 253
Carcinogens, 250-251

chemical, 250
radiation as, 250-251
viral, 251

Carcinoma, 254, 254t
Carcinoma in situ, 254
Cardiac action potential, 788, 788f
Cardiac arrest, therapeutic hypothermia for, 1681
Cardiac biomarkers, 698, 699t-703t
Cardiac blood pool scan, 699t-703t
Cardiac catheterization, 699t-703t, 706-707, 

745-746
delegation in, 758b

Cardiac cells, 788, 788t, 789f, 790-791
Cardiac cirrhosis, 1017
Cardiac compensation, 769
Cardiac conduction system, 787-788, 788f, 788t, 

790-792, 792f, 792t
Cardiac decompensation, 769-770
Cardiac disease. See Cardiovascular disorders; 

Heart disease.
Cardiac dysrhythmias. See Dysrhythmias.
Cardiac index, 689

continuous, 1606
monitoring of, 1603, 1603t

Cardiac markers, in acute coronary syndrome, 
749-750, 749f

Cardiac muscle, 1491-1492
Cardiac output, 689, 1604

blood pressure and, 690
continuous, 1603t, 1606
monitoring of, 1603-1604, 1603t. See also 

Hemodynamic monitoring.
arterial pressure–based, 1606-1607, 1606f

in respiratory failure, 1664
Cardiac pacemakers, 803. See also Pacemakers 

(electronic).
Cardiac rehabilitation, 757t, 758-762
Cardiac reserve, 689
Cardiac resynchronization therapy, 775, 775f, 

776b, 804
Cardiac surgery, patient teaching for, 824b
Cardiac tamponade, 542t

in aortic dissection, 846
in cancer, 278
in pericarditis, 815

Cardiac transplantation, 783-784, 783t
Cardiac valves, 687, 687f. See also Valvular heart 

disease.
in older adults, 691
structure and functions of, 687, 687f

Cardiac-specific troponin, 749, 749f
Cardiogenic shock, 1632t, 1633. See also Shock.

clinical manifestations of, 1633
collaborative care for, 1644, 1645t
etiology of, 1632t
after myocardial infarction, 748-749
pathophysiology of, 1633, 1633f

Cardiomyopathy, 826-828
cardiomegaly in, 827, 827t, 828f
case study of, 830b
dilated, 827-828, 827t, 828f
genetic aspects of, 692

Cancer (Continued)
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hypertrophic, 828-829, 829f
patient teaching for, 830t
restrictive, 829-830

Cardioneurogenic syncope, 807-808
Cardiopulmonary bypass, 752
Cardiopulmonary resuscitation (CPR), 1696-1698

airway and breathing in, 1697-1698
chest compressions in, 1696-1697, 1697f
in choking, 1698f, 1698t
defibrillation in, 1697, 1697f, 1697t
in end-of-life care, 146-147
hands-only, 1698
head tilt–chin lift in, 1696f, 1697-1698
jaw-thrust maneuver in, 1677, 1677f, 1697-1698
mouth-to-mouth, 1696f, 1698
pulse assessment in, 1696
steps in, 1697t

Cardiothoracic surgery, robot-assisted, 753
Cardiotoxicity, of chemotherapy, 266t-267t, 270
Cardiovascular disorders. See also Heart disease.

in chronic kidney disease, 1110
in diabetes mellitus, 1181
genetic aspects of, 692b
insulin resistance and, 1181
obesity and, 910, 911f
in older adults, 691, 691t
peripheral artery disease and, 834
postoperative, 355-356
in spinal cord injury, 1470-1472, 1477-1478

Cardiovascular magnetic resonance imaging 
(CMRI), 699t-703t, 706

Cardiovascular system, 686-708. See also under 
Cardiac; Heart; Vascular.

assessment of, 691-698
abnormal findings in, 696t
case study of, 692b, 694b, 697b, 707b
diagnostic studies in, 698-707, 699t-703t
focused, 698, 698b
functional health patterns in, 692-694
health history in, 691-692, 692t-693t
normal findings in, 697t
physical examination in, 694-698

in older adults, 691, 691t
regulation of, 690
structures and functions of, 687-691, 687f-688f

Cardioversion
for atrial fibrillation, 797
implantable cardioverter-defibrillators for, 803, 

803t
synchronized, 802

Carditis. See Endocarditis.
Cardura (doxazosin), 723b
Care transition, for older adults, 72
Caregiver(s)

in Alzheimer’s disease, 1455-1456
in chronic illness, 63-64
in critical care, 1601-1602
definition of, 50
in end-of-life care, 149-151
older adults as, 68
in shock, 1648
support for, 50-52, 51t, 149-152, 1455-1456

Caregiver stress, 51-52, 51t
Caregiver teaching. See Patient and caregiver 

teaching.
Carina, 476
Carotenemia, 422t
Carotid artery rupture, in cancer, 278-279
Carotid duplex studies, 1352t-1353t
Carotid endarterectomy, 1396-1397, 1397f
Carpal tunnel syndrome, 1509, 1509f
Cartilage, 1491
Carvedilol (Coreg), for heart failure, 776-777, 

777b

Cascade disease pattern, 71
Case management, 14-15
Casodex (bicalutamide), for prostate cancer, 1319t, 

1320
Cast(s), 1515-1516

application of, 1515
care of, 1520, 1520t
delegation for, 1514b
hip spica, 1516
lower extremity, 1515f, 1516
neurovascular assessment for, 1517-1518
petalling of, 1515
upper extremity, 1515-1516, 1515f

Cast syndrome, 1516
Casts, red cell, 1062t
Cat bites, 1688
Cataflam (diclofenac K), 123t
Cataplexy, 106
Catapres (clonidine). See Clonidine (Catapres, 

Duraclon).
Cataracts, 376t, 393-394, 393t
Catecholamines, 1140
Cathartic colon syndrome, 966
Cathartics, for poisoning, 1690
Catheter(s)

centrally inserted, 310-311, 310f. See also 
Central venous access devices.

fiberoptic, for ICP monitoring, 1362
jugular venous bulb, 1363
LICOX, 1363, 1364f
peripherally inserted, 310, 310f, 310t-311t
Swan-Ganz, 1607, 1607f

Catheter-acquired urinary tract infections, 1066, 
1068

Catheterization
cardiac, 699t-703t, 706-707, 745-746, 758b
indwelling, 361t
pulmonary artery, 479
transhepatic biliary, 1039
urinary. See Urinary catheterization.

Cations, 286, 287f, 287t
Cauda equina syndrome, 1472t, 1548
CD antigens, 205
CD4+ cells, in HIV infection, 232-233, 233f, 

235
Cecum, 869f
Celecoxib, 123-124, 123t
Celiac disease, 997-999, 998t
Celiac sprue, 997
CellCept (mycophenolate mofetil), for transplant 

immunosuppression, 222t, 223
Cell-mediated immunity, 208, 208t, 212
Cellulitis, 434t, 435f
Central cord syndrome, 1472t
Central diabetes insipidus, 1194-1195, 1194t
Central hearing loss, 377, 407
Central nervous system, 1336. See also Brain; 

Spinal cord.
Central nervous system lymphoma, 1375
Central venous access devices, 261, 309-311

advantages and disadvantages of, 309-310
centrally inserted catheters, 310-311, 310f
complications of, 311, 311t
flushing of, 312
indications for, 310t
infusion ports, 310t-311t, 311, 312f
nursing management of, 311-312
peripherally inserted catheters, 310, 310f
removal of, 312

Central venous oxygen saturation, 1609, 1609t
Central venous pressure (CVP), 1602-1604,  

1603t
monitoring of, 1608-1609, 1609f

Cerebellum, 1339-1340, 1339f
Cerebral angiography, 1351, 1352t-1353t, 1354f

Cerebral blood flow, 1357-1358. See also 
Intracranial pressure.

regulation of, 1389-1390
Cerebral circulation, 1342, 1342f, 1389, 1389f
Cerebral contusions, 1370
Cerebral cortex, in stress response, 90, 91f
Cerebral edema, 1359-1360, 1359t. See also 

Increased intracranial pressure.
Cerebral hematomas, 1370
Cerebral herniation, 1358-1359, 1359f, 1361
Cerebral lacerations, 1370
Cerebral oxygen monitoring, 1363

in increased ICP, 1363
Cerebral perfusion pressure, 1357-1358, 1357t
Cerebral vasospasm, in hemorrhagic stroke, 

1400
Cerebral ventricles, 1335
Cerebrospinal fluid, 1340

analysis of, 1349-1351, 1352t-1353t
in bacterial meningitis, 1382
reference intervals for, 1708t
in viral meningitis, 1384

drainage of, in increased ICP, 1362f, 1363
intracranial pressure and, 1356-1358. See also 

Intracranial pressure (ICP).
leakage of

in head injuries, 1369, 1374
after spinal surgery, 1550
after transsphenoidal hypophysectomy,  

1191
tests for, 1369, 1369f

Cerebrovascular accident, 1388. See also Stroke.
Cerebrovascular disease, hypertension and, 714
Cerebrum, 1338-1339, 1339f
Certified operating room nurse, 335
Certified registered nurse anesthetist, 336
Certolizumab pegol (Cimizia)

for inflammatory bowel disease, 979, 979t
for rheumatoid arthritis, 1573

Cerumen, impacted, 383t, 403
Cervarix (HPV vaccine), 1270
Cervical biopsy, 1293
Cervical cancer, 1292-1293, 1292b, 1293f, 1293t
Cervical collars, 1677
Cervical immobilization device, 1677
Cervical lymph nodes, dissection of, 513, 514f, 

930
nursing management of, 516

Cervical pain, 1550-1551, 1550t
Cervical polyps, 1291
Cervical spine. See also Neck; Spine.

injuries of, 1528-1529. See also Spinal cord 
injury.

emergency management of, 1677
facial fractures and, 1529
halo vest for, 1476, 1477f, 1528

Cervicitis, 1286-1287, 1286t
chlamydial, 1266-1267

Cervix
disorders of, 1286-1287, 1286t
structures and functions of, 1220-1221, 1220f

Cesamet (nabilone), 165
CFTR gene, 601-603, 602f
Chalazion, 389
Chancre, 1265t
Change, stages of, 48-49, 49t
Chantix (varenicline), 158, 158t
Charcoal, activated, for poisoning, 1689, 1689t
Charcot’s foot, 1184
Charité disc, 1549, 1549f
Cheilitis, 878t
Cheilosis, 878t
Chelation

for hemochromatosis, 648
for poisoning, 1690

Cardiomyopathy (Continued)
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Chemical agents, in terrorism, 1690
Chemical burns, 451. See also Burns.
Chemical code, 146-147
Chemical pleurodesis, 550
Chemical pneumonitis, 535
Chemo brain, 266t-267t, 1251
Chemoembolization, of liver cancer, 1028
Chemoreceptor(s)

in cardiovascular regulation, 690
in respiration, 480

Chemoreceptor trigger zone, 925
Chemotaxis, 173
Chemotherapy, 258-262. See also specific cancers.

administration of, 260-261, 261t
infusion ports for, 310t-311t, 311, 312f

agents for, 259, 259t-260t
cancer after, 250
cognitive effects of, 1251
coping with, 271
cytotoxic effects of, 259
extravasation in, 260-261
goals of, 259, 259f
intraarterial, 261
intraperitoneal, 261
intrathecal, 261
intraventricular, 261
intravesical, 261
late effects of, 271
nursing management in, 265-273

of side effects, 265-271, 266t-267t
preparation of, 260
regional, 261
safety concerns in, 260
side effects of, 261-262, 262t, 265-271,  

266t-267t
skin changes in, 266t-267t, 269-270
treatment plan for, 262

Chest. See also under Thoracic.
examination of, 485-488, 486f-488f

abnormal findings in, 488t, 490t
auscultation in, 41-42, 43t-44t, 487-488, 488f, 

488t, 695, 697-698
inspection in, 485-486, 695-697, 695f
landmarks for, 476f, 695, 695f
palpation in, 486, 486f, 695-697
percussion in, 486-487, 487f, 487t-488t

flail, 542t, 543-544, 544f
Chest compressions, in CPR, 1696-1697, 1697f
Chest expansion, assessment of, 486, 486f, 488t
Chest pain. See Pain, chest.
Chest physiotherapy, 594-595, 595f, 1662
Chest surgery, 547-549

postoperative care in, 549
preoperative care in, 547-548
thoracotomy, 548, 548t
types of, 548-549, 548t
video-assisted, 491t-493t, 493-494, 548-549, 

548t
Chest trauma, 541-547, 541t
Chest tubes, 544-547, 546t

insertion of, 544, 544f
nursing management of, 547-549
removal of, 547

Chest wall, 478
examination of. See Chest, examination of.
landmarks on, 476f, 695, 695f

Chest x-ray, 491t-493t
in cardiac assessment, 699t-703t, 704, 704f
in lung cancer, 538
in tuberculosis, 530

Cheyne-Stokes respiration, 142-143
Children, obesity in, 908
Chinese medicine, 81t

Chlamydial infection, 1266-1267, 1266b, 
1266t-1267t, 1267f. See also Sexually 
transmitted infections.

case study of, 1274b
diagnosis of, 1232-1236, 1233t-1235t
of eye, 390-391
reactive arthritis and, 1581-1582

Choking, 1698f, 1698t
Cholangiography, 879t-882t
Cholangitis, 1037

primary sclerosing, 1016
Cholecystectomy, 1036

ambulatory and home care after, 1040
laparoscopic, 1038-1039
open, 1039-1040, 1039f
postoperative care in, 1040, 1041t

Cholecystitis. See also Gallbladder disease.
acalculous, 1037

Cholecystokinin, 868t
Choledocholithiasis, 1037
Cholelithiasis, 1036-1039, 1036f. See also 

Gallbladder disease.
silent, 1037

Cholera, 30t
Cholesteatoma, 404
Cholesterol, 696t, 698-704. See also Lipids/

lipoproteins.
in liver disorders, 884t

Cholesterol solvents, for gallstone dissolution, 
1038

Cholestyramine, for pruritus
in cirrhosis, 1025
in gallbladder disease, 1039

Choline magnesium trisalicylate (Trilisate), 123, 
123t

Cholinergic crisis, vs. myasthenic crisis, 
1438-1439, 1439t

Cholinergics, for GERD, 934, 934t
Cholinesterase inhibitors, for Alzheimer’s disease, 

1452, 1452f, 1452t
Chondroitin sulfate, 84t

for osteoarthritis, 1565b
Chondrosarcoma, 1543f, 1543t
Chordae tendinae, 687, 687f
Chordee, 1323
Chorea, 1440

Sydenham’s, 819
Choroid, 369f, 370
Christmas disease, 655-657, 655b, 655t
Chromosome(s), 191, 191t

Philadelphia, 665-668
Chromosome disorders, 195. See also Genetic 

disorders.
Chronic abdominal pain, 971-973. See also Pain.
Chronic bronchitis, 580. See also Chronic 

obstructive pulmonary disease (COPD).
Chronic constrictive pericarditis, 817
Chronic fatigue syndrome, 1591t, 1592-1593
Chronic glomerulonephritis, 1074-1075
Chronic hereditary nephritis, 1083
Chronic illness, 61-63

family caregivers in, 63-64
nursing management of, 63-64
in older adults, 65, 97b. See also Older adults.

sleep disorders in, 110
prevention of, 63
self-management of, 63, 64b
seven tasks of, 62-63, 63t
sleep disorders in, 102-103, 102t, 110
social aspects of, 63
societal impact of, 62t
stress-related, 92, 92t
trajectory of, 62-63, 62f, 62t

treatment of, 63, 63t
vs. acute illness, 61, 61t

Chronic kidney disease, 1107-1115
case study of, 1129b
clinical manifestations of, 1108-1111, 1109f

cardiovascular, 1110, 1112-1113
gastrointestinal, 1110
hematologic, 1109-1110
integumentary, 1111
metabolic, 1108-1109
musculoskeletal, 1110-1111, 1111f
neurologic, 1110
psychologic, 1111
reproductive, 1111
respiratory, 1110
urologic, 1108

collaborative care for, 1112-1115, 1112t
course and prognosis of, 1108
cultural aspects of, 1108b
in diabetes mellitus, 1108-1109
diagnosis of, 1111-1112, 1112t
dialysis for, 1117-1126. See also Dialysis.
drug therapy for, 1112-1114

for anemia, 1113-1114
for CKD-MBD, 1113
complications of, 1114
for dyslipidemia, 1114
for hyperkalemia, 1112
for hypertension, 1112-1113

end-stage kidney disease in, 1107
etiology of, 1107-1108
nursing management of, 1115-1117
nutritional therapy for, 1114-1115, 1114t-1115t
patient teaching for, 1116t
prevention of, 1116, 1116b
risk factors for, 1112t
stages of, 1108t
transplantation for, 1124-1126
uremia in, 1108
vs. acute kidney injury, 1102t

Chronic kidney disease–mineral and bone 
disorder (CKD-MBD), 1110-1111, 1111f

treatment of, 1113
Chronic lymphocytic leukemia, 665, 665t
Chronic myelogenous leukemia, 664-665, 665t
Chronic obstructive pulmonary disease 

(COPD), 490t, 560-561, 580-596
activity and exercise in, 597-600
acute intervention in, 596
acute respiratory failure in, 587
airway clearance techniques for, 594-595. See 

also Airway clearance.
alpha1-antitrypsin deficiency and, 582-583
ambulatory and home care for, 597-601
asthma and, 565, 566t, 580
breathing retraining for, 593-594
case study of, 607b
classification of, 585, 585t
clinical manifestations of, 585
collaborative care for, 588-596, 588t
complications of, 585-587
cor pulmonale in, 585-586, 586f
cultural aspects of, 561b
definition of, 580
diagnosis of, 587-588
drug therapy for, 588-589, 589t
etiology of, 580-583
exacerbations of, 586-587
gender differences in, 580b
genetic factors in, 582-583
GOLD guidelines for, 588, 588f
nursing care plan for, 598b

Chronic illness (Continued)
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nursing management of, 596-601
assessment in, 597t
evaluation in, 601
implementation in, 596-601
nursing diagnoses in, 596
planning in, 596

nutritional therapy for, 595-596, 596t
oxygen therapy for, 589-593, 590t-591t
pathophysiology of, 583-585, 583f-584f
patient teaching for, 599t
prevention of, 596
psychosocial aspects of, 587, 601
pulmonary hypertension in, 585-586, 586f
pulmonary rehabilitation for, 597
respiratory failure in, 1657
severity of, 585, 585t
sexuality and, 600
sleep problems in, 600-601
smoking and, 580-583, 588
surgery for, 548t, 596

Chronic pancreatitis, 1034-1035
Chronic pelvic pain

in men, 1322
in women, 1289

Chronic pyelonephritis, 1070-1071
Chronic stable angina, 740-746, 742t

collaborative care for, 742-746, 743f
drug therapy for, 742t, 743-745, 744t

Chronic venous insufficiency, 857-858, 857f, 
858b

Chvostek’s sign, 300, 300f, 1144
Chylothorax, 543
Chyme, 868
Cialis (tadalafil), for benign prostatic hyperplasia, 

1310
Ciclesonide (Alvesco), for asthma, 570t-571t
Cigarette smoking. See Smoking.
Cilia, 480-481
Ciliary body, 369f, 370
Cilostazol (Pletal), for intermittent claudication, 

836
Cinacalcet (Sensipar)

for CKD-MBD, 1113
for hyperparathyroidism, 1206

Cingulate herniation, 1361
Circadian rhythm, 101, 1137, 1137f
Circadian rhythm disorders, 107
Circle of Willis, 1342, 1342f, 1389, 1389f
Circulating nurses, 334-335
Circulation

bronchial, 478
cerebral, 1342, 1342f, 1389, 1389f
coronary, 687, 688f
gastrointestinal, 866
portal, 870
pulmonary, 477-478
renal, 1047

Circulatory assist devices, 773, 1610-1613
Circulatory support systems, 784
Cirrhosis, 1017-1024, 1017f

acute intervention for, 1024-1026
alcoholic, 1017, 1017f
ambulatory and home care for, 1026
ascites in, 1019-1022, 1020f, 1025
cardiac, 1017
clinical manifestations of, 1017-1019, 1019f
collaborative care for, 1022-1024, 1022t
complications of, 1019-1021
cultural aspects of, 1017b
diagnosis of, 1021-1022, 1022t
drug therapy for, 1024t
ethical issues in, 1025b
etiology of, 1017

health promotion for, 1024
hepatic encephalopathy in, 1021, 1021t, 1023, 

1026
hepatorenal syndrome in, 1021
jaundice in, 1017-1018
nursing management of, 1024-1027

assessment in, 1024, 1024t
evaluation in, 1026-1027
implementation in, 1024-1026
nursing diagnoses in, 1024
planning in, 1024

nutritional therapy for, 1023-1024
pathophysiology of, 1017
patient teaching for, 1026, 1027t
peripheral edema in, 1019-1021
portal hypertension in, 1019, 1020t
primary biliary, 1016
variceal bleeding in, 1019, 1022-1023, 1024t

CKD–mineral and bone disorder (CKD-MBD), 
1110-1111, 1111f

treatment of, 1113
CLAS standards, 31-32
Classification systems, 7
Claudication, intermittent, 834-836
Clean-catch urine specimen, 1067
Clinical information systems, 10
Clinical Institute Withdrawal Assessment of 

Alcohol Scale, 160, 160t
Clinical manifestations, 37
Clinical nurse specialists, 1599-1600
Clinical (critical) pathways, 15
Clinical reasoning, 6
Clitoris, 1221, 1221f
Clock drawing test, 1451, 1451f
Clomiphene (Clomid), for infertility, 1277t
Clonic seizures, 1421
Clonidine (Catapres, Duraclon)

for hypertension, 717t-719t, 727b
for pain, 127, 128t
for smoking cessation, 158, 158t

Clopidogrel (Plavix)
for peripheral artery disease, 836

after cryoplasty, 837
pharmacogenetics of, 198, 199f
for stroke prevention, 1396, 1396b

Closed-suction technique, 1616
Clostridial food poisoning, 957-958, 958t

diarrhea in, 962-963, 962t
treatment of, 963

Clot lysis, 618
Clot retraction test, 627t
Clot retriever, 1399, 1399f
Clotting, 616-618

complementary and alternative therapies and, 
851b

intrinsic/extrinsic pathway in, 617-618, 617f
platelet plug formation in, 617, 617f
steps in, 617f
vascular response in, 616-617

Clotting factors, 617-618, 618t
deficiency of, in hemophilia, 655-657
replacement, for hemophilia, 656-657, 656t, 

678t-679t
Clotting studies, 627t
Clotting tests, 852t
Clubbing, 488t, 696t
Cluster headaches, 1414f, 1414t, 1415-1416. See 

also Headache.
collaborative care for, 1416-1418
drug therapy for, 1417-1418
nursing management of, 1418-1419

Coagulation. See Clotting.
Cobalamin. See Vitamin B12.
Coblation nucleoplasty, 1549

Cocaine, 155t, 162, 163t-164t
overdose of, 1689t

Coccidioidomycosis, 533-534
Cochlear implants, 410, 410f
Cockcroft-Gault formula, 1112, 1112t
Codeine, 124, 125t
Coenzyme Q10, 84t
Cognitive changes

in cancer, 266t-267t
in chemotherapy, 266t-267t, 1251
in multiple sclerosis, 1429
in older adults, 66, 66t. See also Alzheimer’s 

disease; Dementia.
postoperative, 357
after stroke, 1394
in systemic lupus erythematosus, 1583

Cognitive therapy, for pain, 132t, 133
Cognitive-behavioral therapy, for insomnia, 

103-104
Cognitive-perceptual pattern, 39
Colchicine, for gout, 1578
Cold sores, 436t, 878t, 928t, 1268, 1268f
Cold therapy. See Cryotherapy.
Cold-related emergencies, 1684-1686
Colds, 500-502
Colectomy, for colorectal cancer, 988
Colic

biliary, 1037
renal, 1049, 1077

Collaborative care, 5-6, 13-16, 14t-15t, 16b
Collaborative problems, 8
Collateral circulation, 731-732, 732f
Colles’ fracture, 1523-1524, 1524f
Colloids, 309
Colon. See also under Bowel; Intestinal.

in older adults, 871, 871t
Colon cancer. See Colorectal cancer.
Colon conduit, 1095
Colonic J-pouch, 988
Colonic obstruction, 982, 983f, 983t
Colonic polyps, 983f, 985, 985f
Colonoscopy, 879t-882t, 987

polypectomy during, 988
virtual, 879t-882t, 882

Colony-stimulating factors
endogenous, 206, 207t-208t

in cancer, 253
in hematopoietic stem cell transplant, 275

exogenous
for cancer, 273-274, 274t
for neutropenia, 662

Coloplasty, 988
Color vision tests, 375t, 377
Colorectal cancer, 985-988

biologic and targeted therapy for, 988
bowel obstruction in, 982, 983f
case study of, 1003b
chemotherapy for, 988
clinical manifestations of, 986-987, 987f
collaborative care for, 987t, 988
cultural aspects of, 976b
diagnosis of, 987, 987t
etiology of, 985-986
in familial adenomatous polyposis, 985
genetic aspects of, 872b
hereditary nonpolyposis, 986, 986b
inflammatory bowel disease and, 978
nursing management of, 989-991, 989t
obesity and, 911-912
pathophysiology of, 985-986
radiation therapy for, 988
risk factors for, 986t
staging of, 987-988, 987f, 987t-988t
surgery for, 988. See also Ostomy.

postoperative care in, 989-990

Chronic obstructive pulmonary disease (COPD) 
(Continued)
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Colostomy, 990f, 990t, 991. See also Ostomy.
care of, 992-993
irrigation of, 992-993
loop, 991, 991f
sigmoid, 991, 991f

Colporrhaphy, 1300-1301
Colposcopy, 1233t-1235t, 1293
Coma, 1360, 1365-1366, 1366f
Combunox. See Oxycodone (OxyContin).
Comedo, 422t
Common bile duct stones, 1037. See also 

Gallbladder disease.
Common cold, 500-502
Communication

in aphasia, 1394, 1406-1407, 1407t
in care coordination, 14, 15t
with critical care patients, 1601
cross-cultural, 27-28, 32-33
in end-of-life care, 149
with foreign language speakers, 32-33, 32t, 33b
in handing-off, 5, 15t, 335
with hearing-impaired patients, 409-410, 410t
intermaxillary fixation and, 1530
interpreters for, 32t
in interviewing, 37
with intubated patient, 1617
after laryngectomy, 514f, 516-517, 517f, 519f
nonverbal, 27-28, 50
in pain management, 133
in patient and caregiver teaching, 50
SBAR technique for, 5, 15t, 328
after stroke, 1394, 1406-1407, 1407t
with tracheostomy, 511-512, 511f-512f, 512b

Community emergency response teams (CERTs), 
1692

Community-acquired pneumonia, 523. See also 
Pneumonia.

Compartment syndrome, 1522-1523, 1523f, 1680
abdominal, 972, 1637

Competence, for informed consent, 784b
Complement system, 173f-174f, 174, 174t
Complement, total hemolytic, 1501t-1503t
Complementary and alternative therapies, 79-87

acupuncture, 83, 83f
assessment for, 39b, 85
Ayurveda, 81t
for back pain, 1547b
for benign prostatic hyperplasia, 1310
biofeedback, 1087b, 1089t
classification of, 80-85, 80t
clotting effects of, 851b
contraindications to, 81
cranberry, 1068
definition of, 80
for depression, 82t, 88
dietary supplements, 84t
echinacea, 502b
effects on blood glucose, 1174b
energy therapies, 85
fish oil, 716b
ginger, 926, 927b
hawthorn, 777b
for headache, 1416
for heart failure, 777b
for hepatitis, 1012b
herbal, 81-82, 81t-82t
holistic nursing and, 80
homeopathy, 81t
imagery in, 1255b
incorporating into practice, 85-86
for insomnia, 104-105, 104b
manipulative and body-based, 80t, 83-84, 84f
massage, 83-84, 84f, 95

for menopausal symptoms, 1285, 1285b, 1300
milk thistle, 1012b
mind-body medicine, 80t, 82-83
music therapy, 95, 337b
National Center for Complementary and 

Alternative Medicine and, 80-85
natural products in, 80t-81t, 81-82
naturopathy, 81t
for nausea and vomiting, 926, 927b
nursing management of, 85
for older adults, 85
omega-3 fatty acids, 716b
for osteoarthritis, 1561, 1564, 1565b
overview of, 80
in pain management, 132-133, 132t
patient teaching for, 81t, 85
for peripheral artery disease, 837
popularity of, 80
in preoperative period, 320, 320b
in professional practice, 85-86
safety concerns in, 85
for stress, 96b-97b
for surgical patients, 337
traditional Chinese medicine, 81t
for urinary incontinence, 1087b
for urinary tract infections, 1068
use by nurses, 86, 86t
for varicosities, 856
for venous ulcers, 858
whole medical systems, 81t
yoga, 83b, 83f
zinc, 505b

Complete blood count, 625-626, 626t
Complete heart block, 794t, 798-799, 798f
Complex regional pain syndrome, 119
Compliance, 478
Complicated grief, 144
Composite urine collection, 1056t-1061t
Compression bandages

for soft tissue injuries, 1507
for stumps, 1532, 1533f

Compression, in RICE therapy, 177
Compression therapy

compression stockings in, 850
sequential compression devices in, 850
for venous ulcers, 857-858

Computed tomography (CT)
abdominal, 879t-882t
of adrenal gland, 1147t-1151t
calcium-scoring, 699t-703t, 706
cardiac, 699t-703t, 706
in musculoskeletal disorders, 1501t-1503t
in neurologic disorders, 1351, 1352t-1353t, 

1353f
noncontrast spiral, of urinary calculi, 1078
of pituitary gland, 1147t-1151t
renal, 1056t-1061t
in respiratory assessment, 491t-493t
spiral, of pulmonary embolism, 552

Computed tomography angiography
coronary artery, 699t-703t, 706
of pulmonary embolism, 552
in stroke, 1395

Computer languages, 10-11
Comtan (entacapone), for Parkinson’s disease, 

1435
Concentration methods, in meditation, 94
Concept maps, 8-9, 9f
Concussion, 1369-1370
Conductive hearing loss, 406-407
Condyloid joints, 1492f

Condylomata acuminata, 1269-1270, 1270f
Confidentiality, 1273b
Confrontation visual field test, 375t
Confusion Assessment Method, 1459, 1459t
Congestive heart failure. See Heart failure.
Conivaptan (Vaprisol), 296
Conization, 1233t-1235t, 1293
Conjunctiva, 370

assessment of, 375-377, 376t
Conjunctivitis, 376t, 390-391
Connective tissue disorders

cultural aspects of, 1569b
drug therapy for, 1565t-1567t

Conn’s syndrome, 1214
Consciousness, altered, 1350t, 1360
Constipation, 966-968, 967t-968t

in Alzheimer’s disease, 1455
in cancer, 266t-267t
in dying patients, 150t-151t
fecal impaction and, 964-965
immobility and, 1519
in multiple sclerosis, 1432
after myocardial infarction, 753
opioid-induced, 126, 967
in spinal cord injury, 1479
after stroke, 1395

Constraint-induced movement therapy, 1409
Contact dermatitis, allergic, 212, 212f, 438t

latex, 216-217, 216t, 321, 346
Contact lenses, 387
Contact precautions, 231
Continence, urinary, 1050
Continuous ambulatory peritoneal dialysis, 1119
Continuous CO/continuous CI, 1603t, 1606-1607
Continuous glucose monitoring, 1168-1169, 1168f
Continuous lateral rotation therapy, 1670, 1670f
Continuous positive airway pressure (CPAP), 

1620t, 1621-1622, 1662-1663
in airway pressure release ventilation, 1620t, 

1621
for sleep apnea, 109, 109f

Continuous renal replacement therapy, 1106, 
1123-1124, 1123f, 1123t. See also Dialysis.

Contraception. See also Oral contraceptives.
emergency, 1278t, 1303

for rape victims, 180t
Contractility, monitoring of, 1603t, 1604. See also 

Hemodynamic monitoring.
Contractures, 471, 1500t, 1521t

burn, 468, 468f
hip flexion, 1532
postamputation, 1532

Contrast-induced nephropathy, 1105
Contusions, 422t

cerebral, 1370
in dark-skinned patients, 421t

Conus medullaris syndrome, 1472t
Coombs test, 628t
Copaxone (glatiramer acetate), for multiple 

sclerosis, 1430
COPD. See Chronic obstructive pulmonary 

disease (COPD).
Copegus (ribavirin), 1013, 1013b
Coping, 92-93, 93t

in cancer, 279-280, 280t
emotion-focused, 92, 93t
problem-focused, 92, 93t
in stroke, 1408

Coping–stress tolerance pattern, 41
Cor pulmonale, 554-556, 556t, 769

in COPD, 585-586, 586f
Cordectomy, 513, 513f
Cordotomy, 131, 132f

Complementary and alternative therapies 
(Continued)
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Core needle biopsy, of breast, 1240
Coreg (carvedilol), for heart failure, 776-777,  

777b
Cornea, 369f, 370

assessment of, 376t, 377
disorders of, 392-393
scarring of, 392
transplantation of, 392

Corneal abrasion, 376t
Corneal ulcers, 391-392, 391f
Corns, 1552t
Coronary angiography, 699t-703t, 706-707, 

706f
after myocardial infarction, 750

Coronary artery bypass grafting, 752-753, 752f, 
757-758, 758b

minimally invasive, 752
off-pump, 753

Coronary artery calcification, measurement of, 
745

Coronary artery disease, 731-735. See also 
Atherosclerosis.

balloon angioplasty and stenting for, 745-746, 
746f

bypass grafting for, 752-753, 752f, 757-758
cardiac catheterization for, 745-746
chest pain in, 740-747. See also Angina.
collaborative management of, physical activity 

in, 737
collateral circulation in, 731-732, 732f
cultural aspects of, 732-733, 732b
development of, 731-732, 731f

complicated lesions in, 731-732
fatty streaks in, 731
fibrous plaque in, 731

diabetes mellitus and, 735
diagnostic studies in, 745-746
etiology of, 731-732
genetic aspects of, 692, 733-735, 733b
heart failure and, 767
homocysteine and, 735
hypertension and, 713, 714f, 714t
lifestyle modifications for, 736t-737t, 737
lipid-lowering agents for, 737-740, 739t
metabolic syndrome and, 735
myocardial ischemia in, 740-741

silent, 742
nursing management of, 735-740
nutritional therapy for, 737, 737t, 738f
obesity and, 735
in older adults, 732-733, 740
pathophysiology of, 731-732
patient teaching for, 736t
prevention of, 735-737
psychologic factors in, 735
risk assessment for, 736
risk factors for, 732-733, 732t

age, 732-733
gender, 732-733, 733b
hyperlipidemia, 733-734
modifiable, 732-735
nonmodifiable, 732-733

risk management for, 736-737, 736t
substance abuse and, 735
sudden cardiac death in, 762

Coronary artery stents, 745-746, 746f
Coronary circulation, 687, 688f
Coronary CT angiography, 699t-703t, 706
Coronary revascularization, 745-746, 746f, 

752-753, 752f, 757-758
Cortical bone, 1489, 1490f
Corticosteroids

endogenous, 1136t, 1140
in adrenal disorders, 1147t-1151t, 1151, 

1207-1209, 1208t

measurement of, 1147t-1151t, 1151
in stress response, 90

exogenous, 1213-1214
for Addison’s disease, 1212-1214
adverse effects of, 1128
for arthritis, 1565t-1567t
for asthma, 568-571, 570t-571t, 571f
for Bell’s palsy, 1466-1467
for cancer, 259t-260t
Cushing syndrome due to, 1207-1209
effects of, 1213, 1213t
for eosinophilic esophagitis, 939
gastroprotectants with, 1364
for hypersensitivity reactions, 215
for increased ICP, 1364
indications for, 1213, 1213t
for inflammation, 176-177, 176t
for inflammatory bowel disease, 978-979, 

979t
intraarticular, for osteoarthritis, 1565t-1567t, 

1567
for multiple sclerosis, 1430-1431
in older adults, 1576
osteoporosis due to, 1214
for pain, 127
patient teaching for, 1213-1214, 1214t
for rheumatoid arthritis, 1565t-1567t, 

1573-1574
side effects of, 1213, 1213t, 1364, 1576
for skin disorders, 441
for systemic lupus erythematosus, 1584
topical, 441
for transplant immunosuppression, 222t, 

1127-1128
intranasal, 500-502, 501t-502t
for respiratory failure, 1663

Cortisol, 1140
in fluid and electrolyte balance, 290, 290f
measurement of, 1147t-1151t

in Cushing syndrome, 1209
Cosmetic procedures, 445-446, 445t

breast augmentation, 1257-1259
liposuction, 917-918
for obesity, 917, 918f
rhinoplasty, 498

Costovertebral angle, 1054
Costovertebral tenderness, in pyelonephritis,  

1070
Cough(ing)

assessment of, 482
augmented, 1661-1662, 1662f
in bronchiectasis, 606
in COPD, 585
in cystic fibrosis, 603
effective, 594, 1661-1662, 1662f
hemoptysis and, 482
huff, 594, 594t, 1662
in lung cancer, 537-538
postoperative, 354-355, 355f
staged, 1662
whooping, 522

Cough reflex, 481
Cough-variant asthma, 564
Coumadin. See Warfarin (Coumadin).
Counterpulsation therapy, 1610-1612, 1610t-1612t, 

1611f
nursing management in, 1613-1615

Counterregulatory hormones, 1154
Coup-contrecoup injury, 1370, 1370f
Cowper’s glands, 1219-1220, 1219f
COX inhibitors, 123-124, 123t, 124f

for osteoarthritis, 1567
for rheumatoid arthritis, 1573

Cozaar (losartan), for gout, 1578

CPAP (continuous positive airway pressure), 
1620t, 1621-1622

in airway pressure release ventilation, 1620t, 
1621

for sleep apnea, 109, 109f
Crackles, 488t, 1659
Cramps, in hemodialysis, 1122
Cranberry, 82t

for urinary tract infections, 1068
Cranial nerves, 1340, 1341f, 1341t

assessment of, 1346-1348, 1349t
in increased ICP, 1366

disorders of, 1464-1465
Cranial surgery, 1379-1381

acute interventions for, 1379-1381
ambulatory and home care for, 1380-1381
craniectomy, 1380
craniotomy, 1379
indications for, 1379, 1379t
nursing management of, 1379-1381
stereotactic radiosurgery, 1377, 1379, 1380f
types of, 1379, 1379t

Craving, 155t
C-reactive protein, 731

in cardiac assessment, 698, 699t-703t
in musculoskeletal disorders, 1501t-1503t

Creatine kinase
in musculoskeletal disorders, 1501t-1503t
in myocardial infarction, 698, 699t-703t, 

749-750, 749f
Creatinine, 1056t-1061t, 1061-1062

in acute kidney injury, 1104
in chronic kidney disease, 1108

Creatinine clearance, 1056t-1061t, 1061-1062
Credé maneuver, 1183
Cremasteric reflex, 1325
Crepitation, 1500t, 1563
CREST, 1587
Creutzfeldt-Jakob disease, 1458
Critical care nursing, 1598-1630

advanced practice nurses in, 1599-1600
anxiety in, 1600
artificial airways in, 1613-1615
caregiver support in, 1601-1602
circulatory assist devices in, 1610-1613
communication in, 1601
cultural aspects of, 1602-1610
delirium in, 1601
education and training in, 1599-1600
end-of-life care in, 1602-1610
extracorporeal membrane oxygenation in, 1622
family-centered care in, 1601-1602, 1602b
hemodynamic monitoring in, 1602-1610. See 

also Hemodynamic monitoring.
mechanical ventilation in, 1618-1627
noise reduction in, 1601
nutritional therapy in, 1600
overview of, 1598-1602
pain management in, 1600-1601
patient characteristics in, 1600-1601
progressive care units in, 1599
sensory overload in, 1601
sleep disturbances in, 106, 1601
technology in, 1599
telehealth in, 1599
visiting policies in, 1602b, 1619-1620

Critical care units (CCUs), 1599
Critical limb ischemia, 835, 837
Critical thinking, 6
Crizotinib (Xalkori)

for lung cancer, 539
pharmacogenetics of, 198, 199f

Crohn’s disease, 975-981, 976t. See also 
Inflammatory bowel disease.

vs. ulcerative colitis, 976t, 977

Corticosteroids (Continued)



INDEX I-17

Cromolyn (Intal, Nasalcrom), for hypersensitivity 
reactions, 215

Cross-cultural communication, 27-28, 32-33
Crossmatching, in transplantation, 220-221
Crutches, 1521
Crutchfield tongs, 1476, 1476f
Cryoablation, of fibroadenoma, 1242
Cryoplasty, for peripheral artery disease, 837
Cryoprecipitate, 676t. See also Transfusion(s).

for disseminated intravascular coagulation, 659
for hemophilia, 656-657, 656t, 678t-679t

Cryosurgery, 442
Cryotherapy, 133, 133t

cervical, 1293
for osteoarthritis, 1564
for retinal detachment, 397
for rheumatoid arthritis, 1575-1576
in RICE therapy, 177
for soft tissue injuries, 1507

Cryptorchidism, 1324
Cryptosporidiosis, 962-963, 962t
CT/KUB film, 1078
Culdocentesis, 1233t-1235t
Culdoscopy, 1233t-1235t
Culdotomy, 1233t-1235t
Cullen’s sign, 1031
Cultural assessment, 30t, 31

preoperative, 337
Cultural competence, 24-25, 25t. See also 

Culturally competent care.
Cultural diversity, in health care workplace,  

25-26
Cultural factors, 26-30

in anemia, 633b
in auditory problems, 388b
in brain tumors, 1375b
in breast cancer, 1252, 1253b
in colorectal cancer, 976b
in coronary artery disease, 732-733, 732b
in critical care nursing, 1602-1610
in diabetes mellitus, 1170, 1170b
in head and neck cancer, 929b
in hypertension, 710b
in immunization, 504b
in inflammatory bowel disease, 976b
in intraoperative care, 337
in lung cancer, 536b
in menopause, 1285-1287
in obesity, 908b
in obstructive pulmonary disease, 561b
in prostate cancer, 1315, 1315b, 1320
in reproductive cancer, 1292b
in sexually transmitted infections, 1262b
in stroke, 1390b
in tuberculosis, 528b
in urinary tract infections, 1065b
in visual problems, 388b

Cultural imposition, 24
Cultural safety, 24
Culturally competent care, 4, 24-25

advocacy for, 31
assessment in

cultural, 31
history in, 38-39
nursing diagnoses in, 45
physical examination in, 41-42
problem identification in, 45
standardized guidelines for, 31-32
types of, 42-45, 45t

in cancer, 281-282, 282b
components of, 24-25, 25t
end-of-life, 145
health disparities in. See Health disparities.

implementation of, 31-33
nurse’s self-assessment in, 25t, 30-31
nursing management in, 30-33
for older adults, 67-71
overview of, 24-25
patient/caregiver teaching in, 53-54
preoperative, 328-329
skin assessment in dark-skinned patients and, 

186t
Culture, 23-30. See also Race/ethnicity.

acculturation and, 24, 29
basic characteristics of, 23t
communication and, 27-28, 32-33, 32t
definition of, 23
drug effects and, 29-30
ethnocentrism and, 24
family roles and relationships and, 28
food and, 29
health-related beliefs and practices and, 23-24, 

23t, 26-30, 26t
immigration and, 29
personal space and, 28
stereotyping and, 24
touch and, 28
values and, 23, 23t

Culture-bound syndromes, 28, 30, 30t
Cultured epithelial autografts, 466, 467f
Cultures

skin, 425t
in STD diagnosis, 1232-1236, 1233t-1235t
stool, 879t-882t
urine, 1056t-1062t, 1066-1067

Cumulative trauma disorder, 1508-1509
Cuprimine (penicillamine), for rheumatoid 

arthritis, 1565t-1567t, 1573
CURB-65 scale, 523, 523t
Curettage, 442
Curling’s ulcer, 465
Cushing disease, 1207
Cushing syndrome, 1207-1209, 1208f, 1208t
Cushing’s triad, 1356, 1358
Cutaneous T-cell lymphoma, 432t
Cutaneous ureterostomy, 1095, 1096f, 1096t. See 

also Urinary diversion.
Cyanide poisoning, 1689t
Cyanosis, 422t, 488t, 696t

in dark-skinned patients, 421t
Cyclophosphamide, for transplant 

immunosuppression, 222t
Cycloplegics, 393-395
Cycloset (bromocriptine), for diabetes mellitus, 

1164t, 1165
Cyclosporine (Sandimmune, Neoral, Gengraf), for 

transplant immunosuppression, 222-223, 
222t

Cylinder casts, 1516
CYP450, in drug metabolism, 198
Cyst(s), 422t

breast, 1241t
ganglion, 1500t
ovarian, 1291-1292, 1291f
pilonidal, 878t
renal

in medullary cystic disease, 1083
in polycystic kidney disease, 1082-1083, 

1083b, 1083f
Cystectomy

radical, 1086. See also Urinary diversion.
segmental (partial), 1086

Cystic fibrosis, 561, 601-605
airway clearance in, 604
bronchiectasis in, 561, 602, 603f, 606

clinical manifestations of, 603
collaborative care in, 604-605
complications of, 603-604
cultural aspects of, 561b
diagnosis of, 604

sweat test in, 602, 604
etiology of, 602b
genetic factors in, 601-605, 602b, 602f
lung infections in, 603-604
nursing management of

assessment in, 605t
implementation in, 605-606
nursing diagnoses in, 605
planning in, 605

pathophysiology of, 601-603, 603f
respiratory failure in, 1657

Cystine stones, 1077, 1078t. See also Urinary tract 
calculi.

Cystitis
hemorrhagic, in cancer, 266t-267t
interstitial, 1071-1072

Cystocele, 1300-1301, 1300f
Cystogram, 1056t-1061t
Cystolitholapaxy, 1079
Cystometrogram, 1056t-1061t
Cystoscopic lithotripsy, 1079
Cystoscopy, 1056t-1061t, 1060f
Cystotomy, 1079-1080
Cytokines, 206-207, 207t

in cancer, 253
clinical uses of, 208t
in fever, 174-175, 175f
in heart failure, 768
in hematopoiesis, 206-207
in inflammation, 174, 174t, 206, 207t
in rheumatoid arthritis, 1569
in septic shock, 1636-1637, 1638f
in sleep, 100
in stress response, 91

Cytomegalovirus infection
pneumonia in, 524
retinitis in, 401

Cytoprotectants
for GERD, 934, 934t
for peptic ulcers, 947

Cytoreductive surgery, 258

D
Dabigatran (Pradaxa), for venous 

thromboembolism, 851t, 852
Daclizumab (Zenapax), for transplant 

immunosuppression, 222t, 223
Daliresp (roflumilast)

for asthma, 570t-571t
for COPD, 589

Dalteparin (Fragmin), for venous 
thromboembolism, 851t

Danazol (Danocrine), for endometriosis,  
1290

Dark-field microscopy, 1233t-1235t
DASH diet, 715-716
DAST-10, 165, 166t
Data

objective, 37
subjective, 37

Data collection, 36-38
delegation in, 38b
medical focus in, 36-37

Data organization, 38
Databases, 36
Dawn phenomenon, 1163
Day care, adult, 70

Culturally competent care (Continued) Cystic fibrosis (Continued)



INDEXI-18

D&C (dilation and curettage), 1233t-1235t
for abnormal vaginal bleeding, 1281-1282
for spontaneous abortion, 1278

DDAVP. See Desmopressin acetate (DDAVP).
D-dimer test, 552, 627t

for disseminated intravascular coagulation, 659
D&E (dilation and evacuation), 1278, 1278t
Deafferentation pain, 119
Deafness. See Hearing loss.
Death, 142. See also End-of-life care.

brain, 142
in emergency department, 1681-1682

Death rattle, 142-143
Debridement, 179, 181, 183t, 1522, 1534

of burns, 461, 461f
Debulking surgery, 258
Decerebrate posturing, 1360, 1360f
Decompression, gastric, 947-949
Deconditioning

immobility and, 1520
in older adults, 73

Decongestants
for hypersensitivity reactions, 215
for rhinitis/sinusitis, 500-502, 501t-502t

Decorticate posturing, 1360, 1360f
Decortication, 548t, 550. See also Chest surgery.
Decubitus ulcers. See Pressure ulcers.
Deep brain stimulation, for Parkinson’s disease, 

1435-1436, 1436f
Deep breathing

postoperative, 354
relaxation, 93-94, 93t

Deep inferior epigastric artery perforator flap, 1257
Deep vein thrombosis, 847. See also Venous 

thromboembolism.
Defecation, 868-869, 968, 969t. See also 

Constipation; Diarrhea; Feces; Stool.
in Alzheimer’s disease, 1455
painful, 878t
in spinal cord injury, 1481-1482, 1481t
after stroke, 1395

Defibrillation, 801-803, 802f
in CPR, 1697, 1697f, 1697t
implantable cardioverter-defibrillator for, 803, 

803f, 803t
in synchronized cardioversion, 802

Deficient detrusor contraction strength, urinary 
retention and, 1091-1092

Degarelix, for prostate cancer, 1319t, 1320
Degenerative disc disease, 1547-1549, 1548f, 1548t
Deglutition, 867. See also Swallowing.
Dehiscence, 180f, 180t, 361
Dehydration. See also Fluid and electrolyte 

imbalances.
in dying patients, 150t-151t
NPO status and, 1055-1061

Delayed emergence, 357
Delayed hypersensitivity reactions, 209t, 212
Delegation, 15-16, 16b, 16t

for Alzheimer’s disease, 1455b
for assessment and data collection, 38b
for bladder irrigation, 1320b
for cardiac catheterization, 758b
for casting, 1514b
for diabetes mellitus, 1185b
Five Rights of, 15-16, 16b, 16t
for hearing aids and corrective lenses, 411b
for hypertension, 724b
for intraoperative care, 335
for mechanical ventilation, 1625b
for ostomy care, 994b
for oxygen therapy, 592b
for pain management, 134b
for percutaneous coronary interventions, 758b
for postoperative care, 354b

for seizures, 1426b
for stroke, 1405b
for suctioning, 518b
for tracheostomy care, 518b
for traction, 1514b
for transfusions, 677b
for urinary catheterization, 1093b
for urinary incontinence, 1091b
for venous thromboembolism, 855b
vs. assignment, 16
for wound management, 183b

Delirium, 1458-1459
alcohol withdrawal, 160, 357
in critical care patients, 1601
in dying patients, 150t-151t
postoperative, 357
vs. dementia, 1444t
vs. depression, 1444t

Dementia, 1443-1445
Alzheimer’s. See Alzheimer’s disease.
clinical manifestations of, 1445
depression and, 1444t, 1445
diagnosis of, 1445
etiology of, 1444-1445, 1444f, 1444t
mixed, 1458
nursing management of, 1445-1452
risk factors for, 1444-1445
vascular (multiinfarct), 1444
vs. delirium, 1444t
vs. depression, 1444t

Dementia with Lewy bodies, 1457-1458
Demerol (meperidine), 126
Demyelination, in multiple sclerosis, 1428, 1428f
Dendrites, 1336, 1336f
Dendritic cells, 206
Denosumab (Prolia, Xgeva)

for breast cancer, 1251t, 1252
for osteoporosis, 1557

Dental care, in diabetes mellitus, 1173
Dentures, 874
Deoxyribonucleic acid. See DNA.
Dependence, 154, 155t

opioid, 134, 134t
physical, 155t
psychologic, 155t

Depo-Provera (medroxyprogesterone), for 
menopausal symptoms, 1284-1285, 1285b

Depressant drugs, abuse of, 155t, 162-163, 163t-164t
Depression. See also Psychologic problems.

in COPD, 587
dementia and, 1444t, 1445
in dying patients, 148
in heart failure, 773, 775b
after laryngectomy, 517-518
in older adults, 74-75
St. John’s wort for, 82t, 88
in spinal cord injury, 1483-1484, 1483t
vs. delirium, 1444t

Dermatitis
atopic, 211, 211f, 438t

immunomodulators for, 442
contact, 212, 212f

latex, 216-217, 216t, 321, 346
incontinence-associated, 965
stasis, 857

Dermatitis herpetiformis, 998
Dermatitis papulosa nigra, 423
Dermatologic disorders. See Skin disorders.
Dermatomes, 117, 466, 466f, 1340, 1341f, 1470
Dermatomyositis, 1589, 1589f
Dermis, 415, 415f
Desflurane (Suprane), 343t
Desirudin (Iprivask), for venous 

thromboembolism, 851-852, 851t

Desmopressin acetate (DDAVP)
for diabetes insipidus, 1195
for hemophilia/von Willebrand disease, 656

Destination therapy, 775-776
Desyrel (trazodone), for insomnia, 104
Determinants of health, 19-20, 20f
Detrol (tolterodine), for urinary incontinence, 

1089b
Detrusor contraction strength, urinary retention 

and, 1091-1092
Deviated septum, 497
Dexamethasone suppression test, 1147t-1151t
Dexmedetomidine (Precedex)

for delirium, 1460
for increased ICP, 1367

Dextran, 309
Dextranomer/hyaluronic acid gel (Solesta), for 

fecal incontinence, 965
Dextrose

in saline, 308t
in water, 308t

DiaBeta (glyburide), for diabetes mellitus, 1163, 
1164t

Diabetes exchange lists, 1167
Diabetes insipidus, 1194-1195, 1194f, 1194t, 1367
Diabetes mellitus, 1153-1188

A1C in, 1156-1157
acanthosis nigricans in, 1184
acute interventions in, 1171-1172
alcohol use in, 1166
ambulatory and home care in, 1172-1174
amputation in, 1530
angiopathy in, 1180-1181, 1181t
bariatric surgery for, 1169, 1170b
blood glucose monitoring in, 1167-1169

self-monitoring in, 1167-1169, 1169t
case study of, 1186b
chronic kidney disease in, 1108-1109
in chronic pancreatitis, 1034-1035
collaborative care in, 1158, 1158t
complementary and alternative therapies in, 

1174b
complications of

acute, 1174-1178
chronic, 1180-1186

coronary artery disease and, 735
cultural aspects of, 1170, 1170b
in cystic fibrosis, 603
delegation in, 1185b
dementia in, 1444-1445
dental care in, 1173
diagnosis of, 1147t-1151t, 1157-1158, 1158t
drug interactions in, 1165

patient teaching for, 1172-1173
drug therapy for

insulin in, 1158-1163. See also Insulin, 
exogenous.

noninsulin injectable agents in, 1163-1165, 
1164t, 1172-1173

oral agents in, 1163-1165, 1164t, 1172-1173
drug-induced, 1157
dyslipidemia in, 1181
early detection of, 1170-1171, 1171b
eating disorders in, 1185-1186
etiology of, 1154-1155
exercise in, 1167
foot care in, 1173, 1183-1184, 1184t
gestational, 1157
glucose testing in, in diagnosis, 1147t-1151t
health promotion for, 1170-1171
hyperglycemia in, 1174, 1175t
hyperosmolar hyperglycemic syndrome in, 

1176t, 1178
hypertension in, 1181
hypoglycemia in, 1174, 1175t, 1179, 1179t

Delegation (Continued)
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idiopathic, 1155
infections in, 1184-1185
insulin resistance in, 1156, 1181
latent autoimmune in adults, 1155
macrovascular complications in, 1181, 1181t
medical ID devices for, 1173, 1173f
microvascular complications in, 1181, 1181t
necrobiosis lipoidica diabeticorum in, 1184, 

1184f
neurogenic bladder in, 1183
nursing management of, 1170-1174

assessment in, 1170, 1171t
evaluation in, 1174
implementation in, 1170-1174
nursing diagnoses in, 1170
planning in, 1170

nutritional therapy for, 1165-1167, 1166t
patient teaching for, 1167

obesity and, 910-911, 911f
in older adults, 1186
pancreatic transplantation for, 1169-1170
pathophysiology of, 1154-1155
patient teaching in, 1172-1174, 1174t

ADA resources for, 1174
empowerment approach in, 1175
gaming in, 1174b
for glucose monitoring, 1169t
for insulin therapy, 1172
for oral and injectable agents, 1172-1173

peripheral artery disease in, 836
preoperative care in, 322
prevention of, 1170-1171, 1171b
psychologic aspects of, 1185-1186
risk factors for, 1170-1171
screening for, 1170-1171, 1171b, 1171t
self-management of, 1172-1174, 1174t-1175t
sexual dysfunction in, 1183
stress of acute illness and, 1171-1172
stroke in, 1390
surgery and, 1171-1172
in systemic disease, 1157
travel and, 1173
type 1

clinical manifestations of, 1156-1157
etiology of, 1155
genetic aspects of, 1155-1156, 1155b
onset of, 1156
pathophysiology of, 1155, 1155f
vs. type 2, 1154t

type 2, 1156
clinical manifestations of, 1157
etiology of, 1156
genetic factors in, 1156
onset of, 1156
pathophysiology of, 1156
prediabetes and, 1156-1157
vs. type 1, 1154t

Diabetes risk test, 1170-1171
Diabetic dermopathy, 1184
Diabetic diet, 1165-1167, 1166t

patient teaching for, 1167
Diabetic gastroparesis, 1110
Diabetic ketoacidosis, 1156, 1176-1178, 

1176t-1177t, 1177f
case study of, 1186b
clinical manifestations of, 1176
collaborative care for, 1176-1178, 1176t
emergency management of, 1177t
etiology of, 1176
nursing management of, 1178-1179
pathophysiology of, 1177f
vs. hyperosmolar hyperglycemic syndrome, 1178

Diabetic nephropathy, 1182
Diabetic neuropathy, 1182-1183

foot problems in, 1183-1184
Diabetic retinopathy, 395, 396f, 1181-1182, 

1184f
case study of, 411b

Diabetic ulcers, 1183-1184, 1183f
Diagnoses, nursing. See Nursing diagnoses.
Diagnostic studies

bowel preparation for, 989
NPO status for, 1055-1061

Dialysis, 1117-1126
for acute kidney injury, 1106
diffusion in, 1117, 1117f
hemodialysis, 1120-1123. See also Hemodialysis.
indications for, 1117-1118
osmosis in, 1117, 1117f
peritoneal, 1118-1120. See also Peritoneal 

dialysis.
principles of, 1117-1118
ultrafiltration in, 1118

Diaphragm, 478
Diaphragmatic breathing, 594

in spinal cord injury, 1470-1471
Diaphysis, 1490, 1490f
Diarrhea, 962-963

in cancer, 266t-267t, 268
clinical manifestations of, 963
collaborative care for, 963
diagnosis of, 963
drug therapy for, 963, 963t
due to food intolerance, 962-963
in dying patients, 150t-151t
etiology of, 962-963, 962t
fecal transplant for, 963
infectious, 962-963, 962t
in inflammatory bowel disease, 977
in irritable bowel syndrome, 972
noninfectious causes of, 962-963
nursing management of, 963-964, 964t
pathophysiology of, 962-963

Diarthrodial joints, 1491, 1491f-1492f. See also 
Joint(s).

Diastole, 689
Diastolic blood pressure, 690
Diastolic failure, 767
Diclofenac K (Cataflam), 123t
DIEP flap, 1257
Diet. See also Food(s); Lifestyle modifications; 

Nutritional therapy.
cancer and, 276-277, 276t
constipation and, 967-968, 968t
cultural factors in, 29
DASH, 715-716
diabetic, 1165-1167, 1166t

patient teaching for, 1167
fecal incontinence and, 965
fiber in

for constipation, 967-968, 968t
for fecal incontinence, 965
for irritable bowel syndrome, 972

gastric cancer and, 951
after gastric surgery, 950
gastritis and, 941-942
gluten-free, 998, 998t
high-protein, 276t
insomnia and, 105, 106t
ketogenic, 1424
for laryngectomees, 514
low-phosphate, in chronic kidney disease,  

1115
low-protein, for chronic kidney disease, 

1114-1115, 1114t

low-sodium, 777-778, 778f, 778t, 1023-1024
for hypertension, 712-713, 716
for urinary tract calculi, 1080

MyPlate guidelines for, 887-889, 887f, 887t
ostomy, 992-993
portion sizes and, 910t, 914
postoperative, 360
vegetarian, 889
weight-loss, 913-915, 914t

Diet history, 892
Dietary Reference Intake guidelines, 888
Dietary supplements, 84t
Diffuse axonal injury, 1370
Diffuse parenchymal disease, 550-551
Diffusion, 287-288, 287f, 478

facilitated, 287
in respiration, 478

Digestion, 867-868
Digital imaging, of pressure ulcers, 186, 187b
Digital rectal examination, 1230

in benign prostatic hyperplasia, 1309, 1316
in prostate cancer, 1316

Digital subtraction angiography, for stroke, 1395
Digitalis

for heart failure, 774t, 775, 777
toxicity of, 777, 777b

Digoxin (Lanoxin)
for heart failure, 774t, 777, 777b
for myocarditis, 818

Dilated cardiomyopathy, 827-828, 827t, 828f
Dilation and curettage (D&C), 1233t-1235t

for abnormal vaginal bleeding, 1281-1282
for spontaneous abortion, 1278

Dilation and evacuation (D&E), 1278, 1278t
Dilaudid (hydromorphone), 124, 125t
Dimethyl fumurate (Tecfidera), for multiple 

sclerosis, 1430
Dimethyl sulfoxide (DMSO), for interstitial 

cystitis, 1072
Dipeptidyl peptidase-4 inhibitors, for diabetes 

mellitus, 1163-1165, 1164t
Diplopia, 376t, 1350t

after stroke, 1407-1408
Diprivan. See Propofol (Diprivan).
Directives to physicians, 146, 146t
Dirty bombs, 1691
Disarticulation, 1531
Discharge

after ambulatory surgery, 362-363
patient teaching for, 363b
from postanesthesia care unit, 362, 362t-363t
preparation for, 363

Discoid lesions, in systemic lupus erythematosus, 
1582

Discrimination, health disparities and, 23
Disease-modifying antirheumatic drugs, 

1565t-1567t, 1573
Disease-modifying osteoarthritis drugs, 1568
Diskectomy, 1549

percutaneous, 1549
postoperative care in, 1550

Diskograms, 1501t-1503t
Dislocations, 1500t, 1508, 1508f
Disseminated intravascular coagulation, 

657-659, 658f, 658t
Dissociative anesthesia, 342
Distal intestinal obstruction syndrome, in cystic 

fibrosis, 603, 605
Distal splenorenal shunt, 1023, 1023f
Distraction, for pain, 133
Distributive shock. See Anaphylaxis/anaphylactic 

shock; Neurogenic shock; Septic shock.

Diabetes mellitus (Continued) Diet (Continued)



INDEXI-20

Diuretics
for ascites, 1022
for heart failure, 773-774, 774t, 776
for hypertension, 717-720, 717t-719t
for respiratory failure, 1663

Diversity, in health care workplace, 25-26. See also 
under Cultural; Culture.

Diverticula
esophageal, 939-940, 939f
intestinal, 994-995, 995f, 995t
urethral, 1071

Dizziness, 379
DMSO (dimethyl sulfoxide), for interstitial 

cystitis, 1072
DNA, 191-192, 192f
DNA finger printing, 197
DNA microarrays, 197-198
Do not resuscitate (DNR) orders, 146-147, 146t, 

825b
Dobutamine (Dobutrex)

for heart failure, 774-775, 774t
for shock, 1643t

Doctorate of nursing practice, 3-4
Documentation

electronic medical records in, 10-11
terminology for, 10-11

in end-of-life care, 146, 146t
of pain, 122
of patient/caregiver teaching, 58
of physical examination, 42

Dog bites, 1688
Dolophine (methadone), 124, 125t
Domestic violence, 1301-1302
Donepizil (Aricept)

for Alzheimer’s disease, 1452, 1452f
for Parkinson’s disease, 1435

Do-not-resuscitate (DNR) order, 146-147, 146t
Dopamine

endogenous, 1140, 1337t
in Parkinson’s disease, 1432, 1433f

exogenous
for heart failure, 774-775, 774b, 774t
for shock, 1643t

Doppler ultrasonography
in peripheral artery disease, 835
for stroke, 1395

Double vision, 376t
after stroke, 1407-1408

Double voiding, 1091-1092
Double-barreled stomas, 990f, 991
Dowager’s hump, 1500t, 1528, 1554, 1554f
Doxazosin (Cardura), 723b
Doxepin (Sinequan), for insomnia, 104
Doxycycline (Vibramycin)

for gonorrhea, 1264b
for Lyme disease, 1579

Drainage, 361-362, 361t
of lung abscess, 535
pleural, 545-547, 545f. See also Chest tubes.
postural, 594, 1662

Drains, 179, 181f
Dressings, 179, 181, 182t, 362, 444

for burns, 461
for central venous access devices, 312
for chest tubes, 546
Robert Jones, 1516
for skin grafts, 466, 466f
for sutured wounds, 444
for venous ulcers, 857
wet, 443-444

Dressler syndrome, 749, 815
Dronabinol (Marinol), 165

as antiemetic, 926
Drop arm test, 1510
Droplet precautions, 231

Drowning/near drowning, 1686
Drug(s). See also specific drugs.

aerosolized, 574-575
cardiovascular effects of, 692, 692t
cultural aspects of, 29-30
in empiric therapy, 1067
food interactions with, 891
gastrointestinal toxicity of, 124, 941, 943, 956
hepatotoxicity of, 872, 872t
medication history and, 38-39
medication overuse headaches and, 1418
nephrotoxicity of, 1052, 1052t, 1107
for older adults, 73-74, 73t-74t, 74f

medication errors and, 73, 73t
ototoxicity of, 380-381, 408-409
photosensitizing, 429, 429f, 429t
preoperative management of, 320-321, 327-328, 

329t
prophylactic, 1067
sexual function and, 1226
topical, 440t, 443

Drug Abuse Screening Test (DAST-10), 165, 166t
Drug history, 38-39
Drug metabolism

CYP450 in, 198
genetic aspects of, 198, 199f, 199t
in older adults, 73-74, 73t-74t, 74f

Drug reactions, cutaneous, 438t
Drug-eluting stents, 746
Drug-resistant organisms, 229-230, 229t-230t

in pneumonia, 524
in tuberculosis, 528

Dry eye, 376t, 392
in Sjögren’s syndrome

Dry mouth
in cancer, 266t-267t, 268
in older adults, 871, 871t
in radiation therapy, 266t-267t, 268, 515-516
radiation therapy and, 266t-267t, 268, 515-516
in Sjögren’s syndrome, 1590

Dry powder inhalers, 574, 574f, 574t
Dual energy x-ray absorptiometry (DXA), 

1501t-1503t, 1555
Duchenne muscular dystrophy, 1544, 1544t, 

1545b
Ductal carcinoma in situ, 1244-1245
Ductal ectasia, 1241t
Ductus deferens, 1219, 1219f
Dulera (mometasone/formoterol), for asthma, 

570t-571t
Dumping syndrome, 917

postgastrectomy, 949-950, 950t
Duodenal bleeding, 954. See also Gastrointestinal 

bleeding.
Duodenal ulcers. See Peptic ulcer disease.
Duplex venous Doppler, 1501t-1503t
Durable power of attorney for health care, 146, 

1185b
Duraclon. See Clonidine (Catapres, Duraclon).
Duragesic (fentanyl), 125t
Dutasteride (Avodart), for benign prostatic 

hyperplasia, 1310
DXA scan, 1501t-1503t
Dynamic response test, 1605, 1605f
Dysarthria, 1350t

after stroke, 1394
Dysgeusia, in cancer, 266t-267t, 268, 277
Dyskinesia, 1350t
Dyslipidemia, 733-734

in antiretroviral therapy, 243
in chronic kidney disease, 1109, 1114
in diabetes mellitus, 1181
drug therapy for, 737-740, 739t
in familial hypercholesterolemia, 733b
in metabolic syndrome, 921

in nephrotic syndrome, 1075
obesity and, 910
peripheral artery disease and, 836
stroke and, 1390

Dysmenorrhea, 1280
in endometriosis, 1289

Dysmetabolic syndrome, 921, 921f, 921t
Dyspareunia, 1228
Dyspepsia, 878t

in GERD, 932
Dysphagia, 878t, 929, 1350t

in achalasia, 940
in Alzheimer’s disease, 1455
aspiration pneumonia and, 524
in dying patients, 150t-151t
in esophageal cancer, 937-938
in head and neck cancer, 266t-267t, 268, 514
in oral cancer, 929
with tracheostomy, 510

Dysphasia, 1350t
after stroke, 1394

Dysplastic nevi, 432t, 433f, 434-435
case study of, 447b

Dyspnea, 1659
assessment of, 484
in asthma, 564
in chronic kidney disease, 1110
in COPD, 585
in dying patients, 149, 150t-151t
in heart failure, 770-771, 773
paroxysmal nocturnal, 693-694, 770

Dysrhythmias, 787-809
in acute coronary syndrome, 806-807, 

806f-807f, 806t
case study of, 808b
after coronary artery bypass, 758
defibrillation for, 801-803, 802f-803f, 803t
drug therapy for, 801t

prodysrhythmic effects of, 801t
electrophysiologic mechanisms of, 790-792
emergency management of, 792, 793t
evaluation of, 790, 792-793, 792t. See also 

Electrocardiography (ECG).
electrophysiologic study in, 699t-703t, 707, 

792
exercise testing in, 793
Holter monitoring in, 699t-703t, 792-793

in heart failure, 771-772
after myocardial infarction, 748, 753
in older adults, 691
pacemakers for, 803-805. See also Pacemakers 

(electronic).
postoperative, 355-356
radiofrequency ablation for, 796-797, 805
reperfusion, 752
during suctioning, 1616
in sudden cardiac death, 762, 801
syncope and, 807-808
types of, 793-801, 793f, 794t, 800f

Dyssomnias, 99, 100t
Dysuria, 1056t

E
Ear

assessment of. See Auditory system, assessment 
of.

burns of, 462
external, 377-378, 379f

disorders of, 383t, 402-403
examination of, 382, 382t

foreign bodies in, 403
inflammation of, 402-404
inner, 378, 379f

disorders of, 405

Dyslipidemia (Continued)



INDEX I-21

middle, 378, 379f
disorders of, 404

in older adults, 379-384, 380t
skin cancer of, 403-404
sound transmission in, 378
swimmer’s, 403
trauma to, 402-403

Eardrops, administration of, 403
Eardrum. See Tympanic membrane.
Earwax, impacted, 383t, 403
Eating, assistive devices for, 1406, 1407f
Eating disorders, 902-903

in diabetes mellitus, 1185-1186
Ebola virus infection, 228
Ecchymosis, 422t, 620

in dark-skinned patients, 421t
definition of, 651

Eccrine sweat glands, 416
Echinacea, 82t, 502b
Echocardiography, 699t-703t, 704-705

with color-flow imaging, 699t-703t, 705, 705f
M-mode, 699t-703t, 704-705
pharmacologic, 699t-703t
stress, 699t-703t
transesophageal, 699t-703t, 705

intraoperative, 346
2-D, 699t-703t, 704-705, 705f

Ectopic pregnancy, 1282-1283, 1282f-1283f
pelvic inflammatory disease and, 1288

Ectropion, 376t
Edema, 289, 293

cerebral, 1359-1360, 1359t. See also Increased 
intracranial pressure.

in heart failure, 769, 771, 771f
laryngeal, postoperative, 352t
in nephrotic syndrome, 1075-1076
peripheral, in cirrhosis, 1019-1021
pulmonary, 490t, 551

postoperative, 351-353, 352t
Edluar (zolpidem), 104
Efavirenz (Sustiva), 238b
Efflurage, 84
Egophony, 488, 488t
Ejaculation, 1224

retrograde, postoperative, 1314
Ejaculatory duct, 1219, 1219f
Ejection fraction, 704
Elastic cartilage, 1491
Elastic compression stockings, 850
Elastic recoil, 478
Elbow arthroplasty, 1535
Elbow, tennis, 1500t
Eldepryl (selegiline), for Parkinson’s disease, 1435
Elder mistreatment, 68, 69t
Elderly. See Older adults.
Elective surgery, 318
Electrical bone growth stimulation, 1516-1517
Electrical burns, 452, 452f
Electrical cardioversion

for atrial fibrillation, 797
implantable cardioverter-defibrillators for, 803, 

803t
synchronized, 802

Electrocardiography (ECG), 699t-703t, 704, 
788-790

absolute refractory period and, 791-792, 792f
in acute coronary syndrome, 749, 806-807, 

806f-807f, 806t
artifacts on, 790, 790f
event monitor for, 699t-703t, 704
in Holter monitoring, 699t-703t, 792-793
interpretation of, 789-790, 789f-790f, 792t

lead placement for, 788-790, 788f
loop recorder for, 699t-703t, 704
in myocardial infarction, 806-807, 806f-807f, 

806t
normal sinus rhythm on, 789f-791f, 790, 794t
relative refractory period in, 791-792, 792f
signal-averaged, 699t-703t
skin preparation for, 790
in stress testing, 699t-703t, 704
telemetry monitoring for, 790
time and voltage on, 789f
12-lead, 699t-703t, 704
waveforms and intervals on, 791t
wireless systems for, 790b

Electrocoagulation, 442
Electrocochleography, 383t-384t
Electrodessication, 442
Electroencephalography (EEG), 1351-1354, 

1352t-1353t
in seizure disorders, 1422

Electrohydraulic lithotripsy, 1079
Electrolarynx, 516-517, 517f
Electrolytes, 286-287. See also Fluid and 

electrolyte balance; Fluid and electrolyte 
imbalances.

in fluid compartments, 286-287, 287f
measurement of, 286-287
normal values for, 287t
in parenteral solutions, 902

Electromyography, 1351, 1352t-1353t, 1501t-1503t
in myasthenia gravis, 1438

Electronic health records, 10
terminology for, 10-11

Electronic ICU, 1599, 1599f
Electronystagmography, 383t-384t
Electrophysiologic study, cardiac, 699t-703t, 707, 

792
Elimination pattern, 39, 873. See also Bowel 

elimination; Urinary elimination.
Elmiron (pentosan), for interstitial cystitis, 1072
Eltrombopag (Promacta), for immune 

thrombocytopenic purpura, 653
Emancipated minors, 326
Embolic stroke, 1391t, 1392. See also Stroke.
Embolism. See also Venous thromboembolism.

acute arterial ischemia due to, 839
central venous access devices and, 311t
in heart failure, 772
in infective endocarditis, 812
pulmonary, 551-553, 552t

postoperative, 352t
ventilation-perfusion mismatch and, 

1655-1656
Embolus retriever, 1399, 1399f
Emergence delirium, 357
Emergency, 1691
Emergency assessment, 44, 45t
Emergency contraception, 1278t, 1303

for rape victims, 180t
Emergency management, 1675-1682

ABCs of, 1676-1678, 1676t
airway management in, 1676t, 1677
assessment in, 1678-1680, 1679t
case study of, 1692b
of cold-related emergencies, 1684-1686
comfort measures in, 1678, 1679t
death in, 1681-1682
in environmental emergencies, 1682-1692
evaluation in, 1680-1681
exposure/environmental control in, 1678
family presence in, 1678, 1679t
fluid management in, 1676t, 1677-1678

focused adjuncts in, 1678, 1679t
Good Samaritan laws in, 1691b
of heat-related emergencies, 1682-1684, 1682t
history taking in, 1678-1680, 1679t
interventions in, 1680-1681
neurologic examination in, 1676t, 1678
for older adults, 1682
pain management in, 1678
of poisoning, 1688-1690, 1689t
potentially life-threatening conditions in, 

1676-1677, 1677t
primary survey in, 1676-1678, 1676t-1677t
secondary survey in, 1678-1680, 1679t
severity classification for, 1675-1676, 1675t
of stings and bites, 1686-1688
of submersion injuries, 1686, 1686f, 1687t
tetanus immunization in, 1680, 1681t
therapeutic hypothermia in, 1681
triage in, 1675-1676, 1675t
vital signs in, 1678, 1679t

Emergency preparedness, 1691-1692
Emergency response plans, 1692
Emergency Severity Index, 1675-1676, 1675t
Emergency surgery, 318
Emerging infections, 228-230, 228t
EMLA cream, 344
Emotion-focused coping, 92, 93t
Empacho, 30t
Empathy, 50, 149
Emphysema, 580. See also Chronic obstructive 

pulmonary disease (COPD).
airway bypass for, 596
bullectomy for, 596
lung volume reduction surgery for, 548t, 596

Empyema, 549-550
Enbrel. See Etanercept (Enbrel).
Encephalitis, 1381t, 1384

rabies, 1384
Encephalopathy, hypertensive, 726
End of life, 142
End stomas, 991, 991f
Endarterectomy, for peripheral artery disease, 

837-839
Endocarditis

infective, 811-813
glomerulonephritis and, 1073t

rheumatic. See Rheumatic heart disease.
Endocardium, 687
Endocet. See Oxycodone (OxyContin).
Endochondroma, 1543t
Endocrine disorders, 1189-1217. See also specific 

glands and disorders.
diagnosis of, 1145-1151
gender differences in, 1190b
genetic factors in, 1143b

Endocrine glands, 1134, 1135f, 1136t, 1138f
Endocrine system, 1134-1152

assessment of, 1141-1145, 1141t
abnormal findings on, 1146t-1147t
case study of, 1141b, 1143b, 1145b, 1151b
focused, 1145b
functional health patterns in, 1142-1144, 

1142t
health history in, 1141-1142, 1142t
in older adults, 1141t
physical examination in, 1144-1145

in blood pressure regulation, 710f, 711-712
feedback in, 1137, 1137f

negative, 1137, 1137f, 1223, 1223t
positive, 1223

in older adults, 1141-1152, 1141t
in stress response, 90, 90f-91f

Ear (Continued) Electrocardiography (ECG) (Continued) Emergency management (Continued)
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structures and functions of, 1134-1140, 1135f, 
1136t

End-of-life care, 142-145
advance directives in, 71, 146, 146t, 601b
assisted suicide and, 136
bereavement and grief and, 143-144, 143t, 144f
caregiver needs in, 149-151
communication in, 149
in critical care nursing, 1602-1610
cultural aspects of, 145
definition of, 142
DNR orders in, 146-147, 146t, 825b
ethical/legal issues in, 71, 135-136, 145-147, 

146t, 147b, 280b, 601b, 825b
in heart failure, 783
in HIV infection, 243-244
hospice care in, 141-142
nurse’s needs in, 151-152
nursing management in, 147-149

assessment in, 147-148
implementation in, 148-149
planning in, 148

organ donation in, 146
pain management in, 135-136, 148-149, 

150t-151t
palliative care in, 140-141, 141f, 257-258. See 

also Palliative care.
physical care in, 149, 150t-151t
physiologic aspects of, 142-143, 143t, 149, 

150t-151t
postmortem care in, 149
psychosocial aspects of, 143, 143t, 148-149,  

148t
resuscitation in, 146-147

Endoleaks, after aortic aneurysm repair, 843
Endolymph, 378
Endometrial biopsy, 1233t-1235t, 1294
Endometrial cancer, 1292b, 1293-1294

obesity and, 911-912
Endometriosis, 1289-1290, 1289f, 1290t
Endometrium, 1220
Endomyocardial biopsy, 818
Endomysium, 1492, 1493f
Endophthalmitis, 401-402
Endorphins, 1337t
Endoscopic pneumatic dilation, for achalasia, 940, 

940f
Endoscopic retrograde cholangiopancreatography 

(ERCP), 879t-882t, 882
for acute pancreatitis, 1032
for chronic pancreatitis, 1034
for gallstones, 1038, 1038f

Endoscopic ultrasound, 879t-882t
Endoscopy, 879t-882t, 882-883, 883f

video capsule, 879t-882t, 883, 883f
Endotracheal intubation, 1613-1615

aspiration in, 1618
bag-valve-mask for, 1614
comfort measures in, 1617
communication in, 1617
complications of, 1617-1618
cuff inflation in, 1615
indications for, 1613
nasal, 1613-1614
oral, 1613-1614
oxygenation and ventilation monitoring in, 

1615-1616
PETCO2, monitoring in, 1616
procedure for, 1614-1615
rapid-sequence, 1614, 1677
restraint in, 1617
suctioning in, 1616
tracheotomy for, 1613
tube components for, 1613-1614, 1613f

tube position in
confirming, 1614-1615
maintaining, 1615

unplanned extubation in, 1617-1618, 1617b
vs. tracheostomy, 507, 1613

Endovascular graft repair, for aortic aneurysms, 
843, 843f

complications of, 843
postoperative care in, 844-845
preoperative care in, 844

End-stage kidney disease, 1107-1108. See also 
Chronic kidney disease.

dialysis for, 1117-1126. See also Dialysis.
transplantation for, 1124-1126. See also Renal 

transplantation.
Enemas

barium, 879-882, 879f, 879t-882t
for constipation, 967, 967t

Energy therapies, 85
Enkephalins, 1337t
Enoxaparin (Lovenox), for venous 

thromboembolism, 851t, 853b
Entacapone (Comtan), for Parkinson’s disease, 

1435
Entamoeba histolytica infection, 962-963, 962t
Enteral nutrition, 897-900. See also Nutritional 

therapy.
in Alzheimer’s disease, 1455
aspiration risk in, 899
for burn patients, 463-464, 463b, 467-468
complications of, 899t, 900
in critical care, 1600
delivery options for, 897
formulas for, 900
gastrostomy (PEG) tubes for, 898, 898f
in home care, 902
indications for, 897
jejunostomy tubes for, 898, 898f
in mechanical ventilation, 1625
misconnection in, 900, 901t
nasogastric tubes for, 897-898, 898f
nasointestinal tubes for, 897-898, 898f
orogastric tubes for, 897-898, 898f
patient positioning in, 899
residual volumes in, 899
safety concerns in, 899-900
troubleshooting for, 899t
tube dislodgement in, 900
tube position in, 899-900

Enteric nervous system, 866
Entropion, 376t
Enucleation, 402
Enuresis, 1056t
Environmental emergencies, 1682-1692
Environmental lung diseases, 535. See also 

Occupational lung diseases.
asthma as, 562
COPD as, 582

Environmental modifications, for older adults, 
73-74

Enzalutamide (Xtandi), for prostate cancer, 1319t, 
1320

Eosinophilic esophagitis, 939
Eosinophils, 614f, 616
Ependymal cells, 1336
Epicardium, 687
Epicondylitis, lateral, 1500t
Epidemic keratoconjunctivitis, 391
Epidermal growth factor receptor inhibitors, for 

cancer, 271-273, 271f, 272t
Epidermis, 414-415, 415f
Epididymis, 1219, 1219f
Epididymitis, 1324, 1324f

chlamydial, 1266-1267

Epidural block, 130-131, 130f, 343t, 345. See also 
Spinal anesthesia.

postoperative, 358
Epidural hematoma, 1370-1371, 1371f

emergency management of, 1372, 1372t
Epigenetics, 194-195
Epiglottis, 476, 867
Epilepsy, 1419-1424. See also Seizures.

acute intervention for, 1425
ambulatory and home care for, 1426-1427
biofeedback for, 1424
collaborative care for, 1422-1424, 1422t
complications in, 1421-1422
diagnosis of, 1422, 1422t
driving and, 1427
drug therapy for, 1422-1424, 1423t
etiology of, 1420
genetic factors in, 1420
health promotion for, 1425
idiopathic generalized, 1420
ketogenic diet for, 1424
mortality in, 1422
nursing management of, 1425-1427, 1425t
pathophysiology of, 1420
patient teaching for, 1426t
psychosocial aspects of, 1422
status epilepticus in, 1421-1422
sudden unexplained/unexpected death in, 1422
surgery for, 1424, 1424t
vagal nerve stimulation for, 1424

Epimysium, 1492, 1493f
Epinephrine (Adrenalin), 1337t

for asthma, 569
for hypersensitivity reactions, 215
for shock, 1643t
for upper gastrointestinal bleeding, 955, 955t

Epinephrine (adrenaline), 1136t, 1140, 1337t
Epiphrenic diverticula, 939f, 940
Epiphyseal plate, 1490
Epiphysis, 1490, 1490f
Epistaxis, 498
Eplerenone (Inspra), for heart failure, 774t, 776
Epoetin alfa (Epogen, Procrit), for CKD-MBD, 

1113-1114
Epworth Sleepiness Scale, 105
Equianalgesic dose, 126t, 129
Erb’s point, 695, 695f
Erectile dysfunction, 1326-1329, 1328t

antihypertensive-related, 721
in diabetes mellitus, 1183
after prostate surgery, 1314, 1318
in spinal cord injury, 1482-1483

Erection, persistent, 1323
in sickle cell disease, 645

Ergonomics, 1508-1509
for back pain prevention, 1545, 1546t

Eructation, 878t
Erysipelas, 434t
Erythema, 422t

in dark-skinned patients, 421t
Erythema marginatum, in rheumatic fever, 

819-820
Erythema migrans, in Lyme disease, 1578, 

1578f
Erythrocyte sedimentation rate, 628t

in musculoskeletal disorders, 1501t-1503t
Erythrocytes. See Red blood cells.
Erythrodysesthesia syndrome, 269-270
Erythroplakia, 513, 929
Erythropoiesis, 615

nutrients for, 637t
Erythropoiesis-stimulating agents, for cancer, 274
Erythropoietin, 207t, 628t, 1049

clinical uses of, 208t
Escharotomy, 458, 458f
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Escherichia coli food poisoning, 957-958, 958t
diarrhea in, 962-963, 962t

Escherichia coli urinary tract infections, 1065, 
1065t

Esophageal bleeding, variceal, 940, 954, 1019. See 
also Gastrointestinal bleeding.

management of, 1024t, 1025-1026
Esophageal cancer, 937-938, 937t

Barrett’s esophagus and, 932, 937
cultural factors in, 929b
obesity and, 911-912

Esophageal dilation
for achalasia, 940, 940f
for esophageal cancer, 938

Esophageal disorders, 878t, 931-935
in older adults, 871, 871t

Esophageal diverticula, 939-940, 939f
Esophageal speech, 514f, 516
Esophageal sphincters, 867

lower, 867
in GERD, 931, 932t

upper, 867
Esophageal strictures, 940
Esophageal surgery

postoperative care in, 939
preoperative care in, 938-939

Esophageal varices, 940, 954, 1019, 1022-1023, 
1024t, 1025-1026

Esophagitis
in cancer, 266t-267t, 268
eosinophilic, 939
in GERD, 932
medication-induced, 937

Esophagogastroduodenoscopy, 879t-882t
for peptic ulcers, 945, 945f

Esophagus, 867
Barrett’s, 932, 937

Esotropia, 392
Estradiol, 1137

measurement of, 1233t-1235t
Estrogen

endogenous, 1136t, 1140, 1222
breast cancer and, 1243, 1246, 1251
deficiency of, clinical manifestations of, 

1283-1284, 1284t
in menopause, 1283-1284, 1284t
in menstrual cycle, 1223-1224, 1223f
unopposed, 1281

exogenous. See also Hormone therapy.
for menopausal symptoms, 1284-1285
side effects of, 1284-1285

Eszopiclone (Lunesta), 104
Etanercept (Enbrel)

for ankylosing spondylitis, 1581
for rheumatoid arthritis, 1573, 1573b

Ethambutol (Myambutol), for tuberculosis, 
531-532, 531t-532t

Ethical/legal issues
affecting older adults, 70-71
assisted suicide, 136
in blood transfusions, 677b
brain death, 1373b
in cancer, 280b
competence for informed consent, 784b
confidentiality, 1273b
DNR orders, 825b
durable power of attorney for health care, 1185b
in end-of-life care, 71, 135-136, 145-147, 146t, 

147b, 280b, 601b
in genetic testing, 195, 196b-197b, 200-201
Good Samaritan laws, 1691b
guardianship, 936b
health care rationing, 1025b, 1125b

health disparities, 20b
in HIV infection, 238b
in pain management, 135-136, 647b
in preoperative care, 325-327, 326b
privacy, social networking and, 4b
resource allocation, 1125b
right to treatment, 1524b
scope and standards of practice, 800b
sterilization, 1327b
treatment refusal, 1469b, 1681b
treatment withdrawal/withholding, 146-147, 

146t, 1380b, 1618
Ethnicity. See Race/ethnicity.
Ethnocentrism, 24
Ethnogeriatrics, 67
Ethylene glycol poisoning, 1689t
Etomidate (Amidate), 343t
Eulexin (flutamide), for prostate cancer, 1319t, 

1320
Euthanasia, 147
Evaluation, in nursing process, 6-7, 6f
Evening primrose, 82t
Everolimus (Afinitor)

for breast cancer, 1251t, 1252
for transplant immunosuppression, 222t, 223

Evidence-based practice, 11-13
alcohol abuse therapy, 1026b
ambulation after percutaneous coronary 

intervention, 746b
anticoagulation for atrial fibrillation, 796b
antihypertensives vs. lifestyle modification, 721b
antiretroviral therapy, 240b
bariatric surgery for diabetes mellitus, 1170b
biventricular pacing for heart failure, 776b
cognitive reframing for Alzheimer’s caregivers, 

1457b
decision aids, 55b
definition of, 11-12
diarrhea due to proton pump inhibitors, 933b
dietary fat and cardiovascular disease, 738b
enteral feeding in burn patients, 463b
erectile dysfunction, 1327b
exercise for depression in heart failure, 775b
exercise in breast cancer survivors, 1252b
exercise in chronic kidney disease, 1113b
HPV vaccine, 1271b
implementation of, 13
improving well-being in lung cancer, 537b
intermittent iron supplementation for anemia, 

639b
mirror therapy for stroke, 1396b
nutritional education, 895b
Pap test availability, 1294b
patient teaching for enoxaparin, 853b
preoperative care, 326b
pressure ulcer management, 187b
probiotics for upper respiratory infection 

prevention, 503b
prostate cancer screening, 1317b
screening for chlamydial infections, 1266b
self-management of chronic illness, 64b
smoking cessation, 759b
steps in, 12-13, 12t
subglottic secretion drainage in ventilator-

associated pneumonia, 1668b
sun-protective counseling, 428b
tap water for wound cleansing, 182b
translating research into practice, 1266b
treatment refusal, 1681b
vitamin D deficiency, 1556b
weight-loss support groups, 920b
yoga for back pain, 1547b

Evil eye, 28
Evisceration, 180t
Evista. See Raloxifene (Evista).
Evoked potentials, 1354
Ewing’s sarcoma, 1543t
Excessive daytime sleepiness, 99-100

in narcolepsy, 106-107
Excision and grafting, 461, 462t
Excoriation, 420t
Exelon (rivastigmine), for Parkinson’s disease, 

1435
Exemestane (Aromasin), for breast cancer, 

1251-1252, 1251t
Exenatide (Byetta), for diabetes mellitus,  

1165
Exercise. See Activity and exercise.
Exercise testing, 491t-493t, 699t-703t, 704

for dysrhythmias, 793
Exercise-induced asthma, 562
Exercises

Kegel. See Kegel exercises.
neck, 1551t
postoperative, in breast cancer, 1254, 1254f

Exocrine glands, 1134
Exophthalmos, 376t, 1146t-1147t

in Graves’ disease, 1196f, 1197, 1200
Exotropia, 392
Expedited partner therapy, 1272
Explosive devices, 1691
Extensor plantar response, 1350t
External fixation, 1516, 1517f
External otitis, 403, 403t
Extracellular fluid, 286, 286f
Extracorporeal membrane oxygenation (ECMO), 

1622
Extracorporeal shock wave lithotripsy

for gallstones, 1038
for urinary calculi, 1079

Extraocular muscles, 370
assessment of, 375, 376t

Exudate, inflammatory, 174, 175t
Eye. See also under Visual.

assessment of, 370b, 371-377. See also Visual 
system, assessment of.

burns of, 390t, 462
disorders of

clinical manifestations of, 399t
cultural aspects of, 388b
diagnosis of, 394, 400t. See also Visual 

system, assessment of.
etiology of, 399t
extraocular, 389-392
intraocular, 393-394
in older adults, 369, 371, 371t, 372b, 374b, 

387-389
refractive errors, 387-388
in systemic disease, 402
traumatic, 389, 390t
uncorrectable visual impairment, 388

dry, 376t, 392
in Sjögren’s syndrome, 1590

foreign bodies in, 390t
infections of

extraocular, 389-392
intraocular, 401-402

inflammation of
extraocular, 389-392
intraocular, 401-402

injuries of, 389, 390t, 1529
movements of, 370

assessment of, 375, 1366
in older adults, 371, 371t, 372b, 374b
raccoon, 1369, 1369f
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removal of, 402
structures and functions of, 368-371, 369f
surgery of, patient teaching for, 395t
tumors of, 402
uremic red, 1111

Eye charts, 374-375, 375t
Eyeball, 369
Eyebrows, 369, 370f

assessment of, 375
Eyeglasses, 387, 411b
Eyelashes, 369, 370f

assessment of, 375
Eyelid, 369-370, 370f

assessment of, 375, 376t
disorders of, 375, 376t, 389-392, 390f
in myasthenia gravis, 1438, 1438f

Ezetimibe (Zetia), 739t, 740

F
Face masks, 590t-591t
Face-lifts, 445-446, 446f
FACES Pain Scale, 121
Facial burns, 458f, 462
Facial fractures, 1529
Facial nerve, 1340, 1341f, 1341t

assessment of, 1347
Facilitated diffusion, 287
Factor Xa inhibitors, for venous 

thromboembolism, 851t, 852
Fainting. See Syncope.
Falling out, 30t
Fallopian tubes, 1220, 1220f

patency of, assessment of, 1277
rupture of, in ectopic pregnancy, 1282-1283

Falls, by older adults, 73, 1682
False aneurysms, 842, 842f
Famciclovir (Famvir), for genital herpes, 

1261-1262
Familial adenomatous polyposis, 985, 985b
Familial Alzheimer’s disease, 1446
Familial hypercholesterolemia, 733b
Familial prostate cancer, 1315
Family and intimate partner violence, 1301-1302, 

1690
Family caregivers. See Caregiver(s).
Family history, in genetic disorders, 201
Family pedigrees, 193, 194f
Family presence, in emergency department, 1678, 

1679t
Family roles and relationships, 28
Family-centered care, in critical care, 1601-1602, 

1602b
Farsightedness, 369, 387-388
Fascia, 1493
Fasciotomy, 1522-1523, 1523f
Fasting blood glucose, in diabetes mellitus, 

1147t-1151t
Fast-tracking, in postanesthesia care unit, 

349-350
Fast-twitch muscle fibers, 1492-1493
Fat

body
measurement of, 893
metabolic syndrome and, 921
visceral, 907, 907f, 910

dietary, 888
in coronary artery disease, 737, 737t, 738f
in diabetic diet, 1166

Fat cells, 908, 910
Fat embolism syndrome, 1523
Fat necrosis, in breast, 1241t
Fatigue

in cancer, 265, 266t-267t
chronic, 1591t, 1592-1593

in dying patients, 150t-151t
in heart failure, 770

Fatty stool, 878t
Fatty streaks, in coronary artery disease, 731, 731f
Fear

in dying patients, 148-149
preoperative, 319-320

Febuxostat (Uloric), for gout, 1578
Fecal analysis, 879t-882t

reference intervals for, 1708t
Fecal impaction, 964-965
Fecal incontinence, 964-965, 965t

in Alzheimer’s disease, 1455
Fecal transplant, 963
Feces, 868-869. See also Bowel elimination; Stool.
Feedback, in endocrine system, 1137, 1137f
Feeding. See also Nutritional therapy.

in Alzheimer’s disease, 1455
assistive devices for, 1406, 1407f
after stroke, 1406
tube. See Enteral nutrition.

Feet. See Foot.
Femara (letrozole), for breast cancer, 1251-1252, 

1251t
Femoral hernias, 996, 996f
Femoral neck fractures, 1525, 1525f
Femoral shaft fractures, 1527-1528
Femoral-popliteal bypass graft, 837, 838f
Femoral–posterior tibial bypass graft, 837, 838f
Fenestrated tracheostomy tube, 508t, 511, 511f
Fentanyl, 125t

transdermal, 129-130
transmucosal, 115, 129

Ferritin, 628t
Fertility. See Infertility.
Festinating gait, 1500t
Fetal tissue transplant, for Parkinson’s disease, 

1436
Fetor hepaticus, 1021
FEV1, 495t
Fever, 174-175, 175f

antipyretics for, 176-177, 176t
in bacterial meningitis, 1383
in increased ICP, 1364
in myocardial infarction, 748
in neutropenia, 661b, 662
nursing care plan for, 176
nursing management of, 176
postoperative, 359t
transfusion-related, 678t-679t

Fever blisters, 436t, 878t, 928t
Feverfew, 82t
Fiber, dietary

for constipation, 967-968, 968t
for fecal incontinence, 965
for irritable bowel syndrome, 972

Fiberoptic catheter, for ICP monitoring, 1362
Fibric acid derivatives, 739-740
Fibrin degradation products, 618, 627t
Fibrin split products, 618, 627t

in disseminated intravascular coagulation, 659
Fibrinogen, 627t
Fibrinolysis, 618, 618f
Fibrinolytics

for pulmonary embolism, 553
for stroke, 1398

Fibroadenoma, 1241t, 1242
Fibroblasts, 415
Fibrocystic changes, 1241, 1241f, 1241t
Fibroid tumors, 1290-1291, 1291f
Fibromyalgia, 1590-1592, 1591f, 1591t
FibroScan/FibroTest, 879t-882t, 1011
Fibrothorax, 549-550, 550f
Fibrous cartilage, 1491

Fibrous plaque, in coronary artery disease, 731, 
731f

Fight-or-flight response, 90-91, 91f
Filters

HEPA, 663
vena cava, 553, 852f, 853

Finasteride (Proscar), for benign prostatic 
hyperplasia, 1310, 1310b

Fine needle biopsy, of breast, 1240
Finger joint arthroplasty, 1535
Fingernails. See Nails.
Fingers, clubbing of, 488t, 696t
Finger-to-nose test, 1348
Fingolimod (Gilenya), for multiple sclerosis, 1430, 

1430t
Fire prevention

in operating room, 339, 339f
in oxygen therapy, 592

First responders, 1691-1692
First spacing, 289
Fish oil, 84t, 716b
Fissures, 420t

anal, 878t, 1001-1002
Fistulas, 180t

anal, 1001f, 1002
arteriovenous, for hemodialysis, 1120, 1120f
in Crohn’s disease, 977
rectovaginal, 1301
vesicovaginal, 1301

FITT formula, 737
Fitz-Hugh–Curtis syndrome, 1288
Five Rights of Nursing Delegation, 15-16, 16b, 16t
Flagyl (metronidazole), for clostridial diarrhea, 

963, 963t
Flail chest, 542t, 543-544, 544f
Flapping tremors, 1021
Flatfoot, 1500t, 1552t
Floaters, 376t
Flomax (tamsulosin), for urinary calculi, 1078
Flovent (fluticasone), for asthma, 570t-571t
Fluid

extracellular, 286, 286f
interstitial, 286, 286f
intracellular, 286, 286f
transcellular, 286

Fluid and electrolyte balance
active transport in, 287, 288f
capillary movement in, 288-289, 289f
diffusion in, 287-288, 287f
hydrostatic pressure in, 288
normal values for, 290t
in older adults, 291
oncotic pressure in, 288
osmosis in, 287-288, 288f
regulation of, 289-291

adrenal cortical, 290
cardiac, 290, 292
gastrointestinal, 290-291
hypothalamic-pituitary, 289-291
renal, 289-290, 1048-1049

Fluid and electrolyte imbalances, 291-292
assessment of, 306-307, 307t
in burns, 457-458, 457f
of calcium, 298-300, 299t
case study of, 313b
in chronic kidney disease, 1109
extracellular fluid volume, 291-292, 292t. See 

also Fluid volume deficit; Fluid volume 
excess.

intravenous therapy for, 308-309, 308t
of magnesium, 301-302
in mechanical ventilation, 1623
nursing management of, 292-295

implementation in, 292-293
nursing diagnoses in, 292
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in older adults, 293
oral rehydration for, 307-308
of phosphate, 300-301, 301t
postoperative, 355-356
of potassium, 296-297
of sodium, 293-295, 294f
stress and, 290, 290f

Fluid compartments, 286, 286f
electrolytes in, 286-287, 286f-287f

Fluid gain, calculation of, 286
Fluid intake and output. See also Urine output.

measurement of, 292
normal values for, 290-291, 290t
recommended amounts for, 1068

Fluid loss
calculation of, 286
insensible, 291

Fluid management
in acute kidney injury, 1105
in airway clearance, 1662
in ARDS, 1670-1671
in bacterial meningitis, 1383
in burns, 459-461, 460t
in chronic kidney disease, 1115
in diabetes insipidus, 1195
in diabetic ketoacidosis, 1176
in emergency care, 1676t, 1677-1678
in heart failure, 778
in hyperosmolar hyperglycemic syndrome, 1178
in increased ICP, 1367
intravenous therapy in, 308-309, 308t. See also 

Intravenous therapy.
in ischemic stroke, 1397-1398
in mechanical ventilation, 1623
in nausea and vomiting, 927
NPO status and, 1055-1061
oral rehydration in, 307-308
Parkland formula for, 459-460, 460t
postoperative, 356-357
recommended intake in, 1068
in shock, 1641-1642, 1642t, 1644
in spinal cord injury, 1478
for urinary tract calculi, 1080-1081
in urinary tract infections, 1068-1069

Fluid retention. See also Edema.
in acute kidney injury, 1104

Fluid shifts, 289
Fluid spacing, 289
Fluid volume deficit, 291, 292t. See also Fluid and 

electrolyte imbalances.
absolute, 1632t, 1633
in acute kidney injury, 1104
in burn patients, 457-458, 457f
in dying patients, 150t-151t
NPO status and, 1055-1061
relative, 1632t, 1633

Fluid volume excess, 291-292, 292t. See also Fluid 
and electrolyte imbalances.

Flumazenil (Romazicon), for benzodiazepine 
overdose, 163-164

Fluorescein angiography, of eye, 378t
Fluorescent treponemal antibody absorption 

(FTA-Abs) test, 1232, 1233t-1235t, 1265
Fluorouracil, topical, 441-442
Fluothane (halothane), 343t
Flutamide (Eulexin), for prostate cancer, 1319t, 

1320
Fluticasone (Flovent)

for asthma, 570t-571t
for eosinophilic esophagitis, 939

Fluticasone/salmeterol (Advair), for asthma, 
570t-571t

Flutter mucus clearance device, 595
Flutter valve, 545, 545f
Focal seizures, 1421, 1421f
Focused abdominal sonography for trauma 

(FAST), 1680
Focused assessment, 44, 45t
Folic acid, 628t

for chronic kidney disease, 1110, 1114
deficiency of, 638t

megaloblastic anemia and, 640t, 641
Folk healers, 26
Follicle-stimulating hormone, 1136t, 1137-1138, 

1222, 1222f
deficiency of, in hypopituitarism, 1192
measurement of, 1147t-1151t
in menopause, 1283
in menstrual cycle, 1223-1224, 1223f
urine, 1233t-1235t

Follicle-stimulating hormone agonists, for 
infertility, 1277t

Folliculitis, 434t
Fondaparinux (Arixtra), for venous 

thromboembolism, 851t, 852-853
Food(s). See also Diet; Nutrition.

caffeine in, 105, 106t
calcium-rich, 1555t
cultural aspects of, 29
drug interactions with, 891
Halal, 889-890
iron-rich, 889t
Kosher, 889-890
migraine and, 1415, 1419
portion sizes for, 910t, 914
potassium-rich, 1115t
protein-rich, 888t

Food allergies, latex allergy and, 216
Food insecurity, 890
Foodborne illness, 957-958, 958t

diarrheal, 962-963, 962t
gastroenteritis, 975
hepatitis A, 1007-1008, 1007t, 1008f

Foot
Charcot’s, 1184
flat, 1500t, 1552t

Foot care, 1552
in diabetes mellitus, 1173, 1183-1184, 1184t

Foot disorders, 1551, 1552t
in diabetes mellitus, 1173, 1183-1184, 1183f
in older adults, 1553
in rheumatoid arthritis, 1570-1571, 1571f

Footdrop, 1521t
Foradil (formoterol)

for asthma, 570t-571t, 572
for COPD, 589

Forane (isoflurane), 343t
Forced expiratory flow rate (FEF), 495t
Forced expiratory volume (FEV1), 495t
Forced vital capacity (FVC), 495t
Foreign bodies

in ear, 403
in eye, 390t
in nose, 506

Foreign language speakers, communication with, 
32-33, 32t, 33b

Formoterol (Foradil, Perforomist)
for asthma, 570t-571t, 572
for COPD, 589

Formulas, enteral, 900
Fortamet (metformin), 1163, 1164t
Forteo (teriparatide), 1557
Fosamax (alendronate), for osteoporosis, 1556
4 × 4 technique, 93t, 94
Fovea centralis, 369f, 371

Fractional exhaled nitric oxide, in asthma, 567
Fractional flow reserve, 699t-703t
Fractures, 1511-1517

acute interventions for, 1518-1520, 1518t
ambulation and, 1521
ambulatory and home care for, 1520-1521
avulsion, 1507
casts for, 1515-1516. See also Cast(s).
classification of, 1511-1512, 1512f
clinical manifestations of, 1512, 1512t
closed, 1511
collaborative care for, 1513-1517, 1513t
Colles’, 1523-1524, 1524f
comminuted, 1512, 1512f
compartment syndrome and, 1522-1523, 1523f
complete, 1608
complications of, 1522-1523
delayed union/nonunion of, 1513, 1513t
displaced, 1512
electrical stimulation for, 1516-1517
emergency management of, 1517, 1518t
external fixation of, 1516, 1517f
facial, 1529
fat embolism and, 1523
femoral shaft, 1527-1528
greenstick, 1512, 1512f
healing of, 1512-1513, 1513f

complications of, 1513, 1513t
health promotion for, 1518-1521
of hip, 1525, 1525f
of humerus, 1524
immobilization of, 1515-1516. See also 

Immobilization.
incomplete, 1608
intermedullary nailing of, 1527-1528
internal fixation of, 1514, 1516, 1517f
of jaw, 1529, 1529f

intermaxillary fixation for, 1529-1530, 1529f
linear, 1512f
longitudinal, 1511, 1512f
nondisplaced, 1512
of nose, 497-498
nursing management of, 1517-1523

assessment in, 1517-1518, 1519t
evaluation in, 1618
implementation in, 1518-1521
nursing diagnoses in, 1518
planning in, 1518

nutritional therapy for, 1517
oblique, 1512, 1512f
open, 1511

infection of, 1522
tetanus prophylaxis for, 1517

pain in, 1517
pathologic, 1512f

in osteoporosis, 1554-1555
in Paget’s disease, 1557

of pelvis, 1524
psychosocial aspects of, 1520-1521
reduction of

closed, 1514
open, 1514

rehabilitation for, 1521
of ribs, 543

flail chest and, 542t, 543-544, 544f
of skull, 1368-1369, 1369f, 1369t

emergency management of, 1372, 1372t
spiral, 1511, 1512f
stress, 1512f

calcaneal, 1552t
surgery for, 1518-1520, 1518t
of tibia, 1528
traction for, 1514-1515
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transverse, 1511, 1512f
types of, 1511-1512, 1512f
vertebral. See Vertebral fractures.

Fragmented sleep, 99, 103
Fragmin (dalteparin), for venous 

thromboembolism, 851t
Frail older adults, 67
Frank-Starling’s law, 1604
Fraxiparine (nadroparin), for venous 

thromboembolism, 851t, 852
Fremitus, 486, 488t
Fresh frozen plasma, 676t. See also 

Transfusion(s).
Friction rub

pericardial, 696t, 697, 1659
pleural, 488t, 1659

Frontal lobe, 1338-1339, 1338f, 1339t
Frontotemporal lobar degeneration, 1458
Frostbite, 1684, 1684f
Fructosamine, in diabetes mellitus, 1158
Full code, 146-147
Full-thickness burns, 451f, 453, 454t
Fulminant hepatic failure, 1027
Functional health patterns, 38-41

activity-exercise, 39
cognitive-perceptual, 39
coping–stress tolerance, 41
elimination, 39
health perception–health management, 39
nutritional-metabolic, 39
role-relationship, 41
self perception–self-concept, 39-41
sexuality-reproductive, 41
sleep-rest, 39
value-belief, 41

Functional incontinence, 1088t. See also Urinary 
incontinence.

Functional residual capacity, 1667
Fundoplication, 935, 935f
Fungal infections, 227-228, 228t
Fungal pneumonia, 533-534, 534t
Furadantin (nitrofurantoin), 1067, 1067b
Furuncles, 434t
Furunculosis, 434t
Fusiform aneurysms, 841-842, 841f-842f

G
GABA (γ-aminobutyric acid), 1337t
GABA receptor antagonists, for pain, 127,  

128t
Gag reflex, 1347
Gait

antalgic, 1500t
ataxic, 1500t
festinating, 1500t
short-leg, 1500t
spastic, 1500t
steppage, 1500t

Galactorrhea, 1231t, 1242
Gallbladder, 869f, 870
Gallbladder cancer, 1041
Gallbladder disease, 1036-1039

collaborative care for, 1038-1039, 1038t
complications of, 1037
conservative therapy for, 1038
cultural aspects of, 1017b, 1036
diagnosis of, 1037-1038, 1038t
etiology of, 1009
gender differences in, 1037b
nursing management of, 1039-1041, 1039t
nutritional therapy for, 1039
pathophysiology of, 1009
surgery for, 1038-1039
transhepatic biliary catheter for, 1039

Gallstones, 1036-1039, 1036f. See also Gallbladder 
disease.

silent, 1037
Gamete intrafallopian transfer, 1277-1278
Gaming, in patient teaching, 1174b
Gamma knife radiosurgery, for trigeminal 

neuralgia, 1465
Gamma-aminobutyric acid (GABA), 1337t
Gamma-glutamyl transpeptidase, 884t
Ganglion cyst, 1500t
Garamycin (gentamicin), for osteomyelitis, 1541b
Gardisal (HPV vaccine), 1270, 1271b
Gardner-Wells tongs, 1476
Garlic, 82t
Gas pains, postoperative, 360
Gastrectomy. See also Gastric surgery.

partial, 949-950
for peptic ulcers, 949-950. See also Peptic ulcer 

disease, surgery for.
total, 952, 952f
vertical sleeve, 916, 917t, 918f

Gastric banding, 916, 917t, 918f
Gastric bleeding, 954. See also Gastrointestinal 

bleeding.
Gastric bypass, 916-917, 917t, 918f
Gastric cancer, 951-952

cultural factors in, 929b
Gastric contents, aspiration of. See Aspiration, 

tracheal.
Gastric decompression, 947-949
Gastric dilation, in mechanical ventilation, 1624
Gastric disorders, 878t, 940-941
Gastric emptying studies, 879t-882t
Gastric inhibitory peptide, 868t
Gastric lavage, 957

for poisoning, 1689
Gastric outlet obstruction, peptic ulcers and, 945, 

947-949
Gastric secretions, 867, 868t
Gastric surgery, 872t

bile reflux gastritis after, 950
for cancer, 952, 952f
dumping syndrome after, 949-950, 950t
for peptic ulcers, 949-950
postoperative care in, 950-951, 953
postoperative complications of, 949-950
postprandial hypoglycemia after, 950
preoperative care in, 950, 953

Gastric ulcers. See Peptic ulcer disease.
Gastric varices, 1019, 1022-1023, 1025-1026
Gastrin, 868t, 879t-882t
Gastritis, 940-941, 941t

bile reflux, 950
bleeding in, 942. See also Gastrointestinal 

bleeding.
NSAID-related, 124, 941
postoperative bile reflux, 950

Gastroduodenostomy. See also Gastric surgery.
for peptic ulcers, 949-950

Gastroenteritis, 975
Gastroesophageal reflux disease (GERD), 931

achalasia and, 940
asthma and, 562
clinical manifestations of, 931-932
collaborative care for, 932-935, 933t
complications of, 932
diagnosis of, 932, 933t
drug therapy for, 933-935, 934t
endoscopic therapy for, 935
esophageal strictures in, 940
etiology of, 931, 931f
lifestyle modifications for, 932-933
nursing management of, 935-936
nutritional therapy for, 933
obesity and, 911

in older adults, 937-938
pathophysiology of, 931
patient teaching for, 933t
surgery for, 935, 935f

Gastrointestinal bleeding, 954-955
acute interventions for, 957
collaborative care for, 955
diagnosis of, 954-955
drug therapy for, 955, 955t
emergency management of, 955
endoscopic hemostasis for, 955
esophageal, 954
etiology of, 954, 954t
gastroduodenal, 954
nursing management of, 955-958
pathophysiology of, 954
in peptic ulcer disease, 944-945, 948
prevention of, 956-957
scintigraphy of, 879t-882t
sources of, 927t, 954
surgery for, 955
types of, 954t
variceal, 954, 1019, 1022-1023, 1024t, 

1025-1026
Gastrointestinal disorders, 878t

in chronic kidney disease, 1110
lower tract, 961-1005
postoperative, 359
upper tract, 924-960

Gastrointestinal secretions, 867, 868t
Gastrointestinal stromal tumors (GISTs), 1000
Gastrointestinal surgery, procedures in, 872t
Gastrointestinal system, 865-885

absorption in, 867-868
assessment of

abnormal findings in, 878t
case study of, 872b, 874b, 877b, 883b
diagnostic studies in, 877-883, 879t-882t
focused, 877, 877b
functional health patterns in, 872-874
health history in, 871-872, 873t
normal findings on, 877t
physical examination in, 874-877

digestion in, 867-868
elimination in, 868-869
ingestion in, 866-867
in older adults, 871-885, 871t
structures and functions of, 866-870, 866f

Gastrointestinal toxicity, drug-related, 943, 956
Gastroparesis, diabetic, 1110, 1183
Gastroprotectants, with corticosteroids, 1364
Gastrostomy (PEG) tubes, 361t, 898, 898f. See also 

Enteral nutrition.
Gattex (tedeglutide), 999
GAX collagen, for urinary incontinence, 1089
Gays and lesbians, health disparities and, 22-23
Gemfibrozil (Lopid), 739t, 740b
Gender differences

in access to care, 22, 65-66, 65b
in alcohol use/abuse, 159
in Alzheimer’s disease, 1445, 1445b
in asthma, 561, 561b, 1601, 1602b
in cancer, 248, 248b, 248t
in COPD, 580b
in coronary artery disease, 732-733, 733b
in endocrine disorders, 1190b
in gout, 1577b
in headache, 1415b
health disparities and, 22, 65-66, 65b
in heart failure, 768b
in hernias, 996b
in hypertension, 710b
in irritable bowel syndrome, 972b

Fractures (Continued) Gastroesophageal reflux disease (GERD) 
(Continued)
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in lung cancer, 536, 536b
in obstructive pulmonary disease, 561b
in osteoarthritis, 1562, 1562b
in osteoporosis, 1553, 1554b
in pain, 115b
in peripheral artery disease, 836-837
in sexual function in older adults, 1225-1237, 

1225b, 1225t
in sexually transmitted infections, 1263b
in smoking, 156, 159
in stroke, 1390b
in systemic lupus erythematosus, 1582-1584
in urinary incontinence, 1086, 1086b
in urinary tract calculi, 1077b
in vascular disorders, 834b
in venous thromboembolism, 848

Gene therapy, 199-200, 200f
for cancer, 276

General adaptation syndrome, 90
General anesthesia, 341-342. See also Anesthesia.
Generalized seizures, 1421f
Genes, 190-191
Genetic clinical nurses, 200
Genetic disorders, 194-195

autosomal dominant, 193-194
autosomal recessive, 193-194
chromosome, 195
cultural aspects of, 767b
epigenetics and, 194-195
family history in, 201
inheritance of, 193-194, 193t, 194f
multifactorial, 194-195
nursing management of, 200-201

assessment in, 201
risk factors for, 201
single gene, 194, 195f
X-linked dominant, 193-194
X-linked recessive, 193-194

Genetic factors
in Alzheimer’s disease, 1446-1447, 1446b
in aortic aneurysms, 841
in asthma, 561
in cancer, 249-250

breast, 1243-1244, 1244b, 1246-1247, 
1253-1254

colorectal, 872b
lung, 536
ovarian, 1294-1295, 1295b
prostate, 1315

in cardiomyopathy, 692
in cardiovascular disorders, 692b
in celiac disease, 998
in COPD, 582-583
in coronary artery disease, 692, 733-735, 733b
in cystic fibrosis, 601-605, 602b, 602f
in diabetes mellitus

type 1, 1155-1156, 1155b
type 2, 1156-1157

in drug metabolism, 198, 199f, 199t
in endocrine disorders, 1143b
in epilepsy, 1420
in familial adenomatous polyposis, 985
in heart failure, 767-769
in Huntington’s disease, 1440b
in hypertension, 692, 712-713
in inflammatory bowel disease, 872, 976-977
in muscular dystrophy, 1544, 1545b
in musculoskeletal disorders, 1496b
in neurologic disorders, 1344b
in obesity, 908-910
in Parkinson’s disease, 1432-1433
in polycystic kidney disease, 1066, 1083b

in respiratory disorders, 483b
in rheumatoid arthritis, 1570
in sickle cell disease, 192-193, 193f, 644

Genetic Information Nondiscrimination Act 
(GINA), 195, 196b, 201

Genetic mutations, 192-193
in cancer, 249-250

Genetic technology, 197-198
DNA finger printing, 197
DNA microarrays, 197-198
genome-wide association studies, 198

Genetic testing, 195-198, 196t
direct-to-consumer, 197
interpreting results of, 197
legal/ethical issues in, 195, 196b-197b, 200-201
nursing management in, 200-201
patient teaching for, 197, 198t

Genetics, 190-202
advanced practice nurses in, 200
definition of, 190
nursing management and, 200-201
principles of, 190-192
terminology of, 191t

Gengraf (cyclosporine), for transplant 
immunosuppression, 222-223, 222t

Genioglossal advancement and hyoid myotomy, 
109

Genital herpes, 436t, 1267-1269, 1268f, 1269t, 
1286. See also Sexually transmitted 
infections.

Genital warts, 1269-1270, 1270f, 1286. See also 
Sexually transmitted infections.

Genitalia
female

examination of, 1230
structures and functions of, 1221, 1221f

male
examination of, 1229-1230
structures and functions of, 1219f, 1220

Genome, 190-191
Genome-wide association studies, 198
Genomic assays, in breast cancer, 1246-1247
Genomics, 190-202

definition of, 190
nursing management for, 200-201

Genotype, 191, 191t
Gentamicin (Garamycin), for osteomyelitis, 1541b
Geographic tongue, 878t
GERD. See Gastroesophageal reflux disease 

(GERD).
Geriatric assessment, 71
Geriatric Depression Scale, 74-75
Gerontologic nursing, 71. See also Older adults.
Gestational diabetes, 1157
Ghon focus, 528-529
Ghost sickness, 30t
Ghrelin, 866-867, 909, 909f
Giant cell, multinucleated, 174
Giant cell tumor of bone, 1543t
Giardiasis, 962-963, 962t
Gilenya (fingolimod), for multiple sclerosis, 1430, 

1430t
Ginger, 82t

for nausea and vomiting, 926, 927b
Gingivitis, 878t, 928t
Ginkgo biloba, 82t
Ginseng, 82t
GISTs (gastrointestinal stromal tumors), 1000
Glasgow Coma Scale, 1365, 1365t, 1368
Glasses, 387, 411b
Glatiramer acetate (Copaxone), for multiple 

sclerosis, 1430, 1430t

Glaucoma, 373b, 398-401
case study of, 411b
in diabetes mellitus, 1182

Gleason score, 1316, 1317t
Glial cells, 1336
Gliding joints, 1492f
Glimepiride (Amaryl), for diabetes mellitus, 1163, 

1164t
Gliomas, 1375, 1375t
Glipizide (Glucotrol), for diabetes mellitus, 1163, 

1164t
Gliptins, for diabetes mellitus, 1163-1165, 1164t
Global aphasia, 1394, 1394t
Globe, rupture of, 1529
Globus sensation, 932
Glomerular filtration rate (GFR), 1048, 1112, 

1112t
Glomerulonephritis, 1073-1074, 1073t

acute, 1073-1074, 1073t
poststreptococcal, 1073t, 1074

causes of, 1073t
chronic, 1074-1075
in Goodpasture syndrome, 212, 1073t, 1074
rapidly progressive, 1074
risk factors for, 1073t

Glomerulus, 1047, 1047f, 1048t
Glossitis, 878t
Glossopharyngeal nerve, 1340, 1341f, 1341t

assessment of, 1347-1348
Gloving, preoperative, 338
Glucagon, 1136t, 1140

for hypoglycemia, 1180
Glucocorticoids, 1136t, 1140. See also 

Corticosteroids.
in adrenal disorders, 1147t-1151t, 1151, 

1207-1209, 1208t
Glucometers, 1168, 1168f
Gluconeogenesis, 1140
Glucophage (metformin), 1163, 1164t
Glucosamine, 84t

for osteoarthritis, 1565b
Glucose

impaired fasting, in prediabetes, 1156
in muscle contraction, 1493
urinary, 1062t, 1147t-1151t

Glucose metabolism, insulin in, 1140, 1154-1155, 
1154f. See also Insulin, endogenous.

Glucose monitoring
continuous, 1168-1169, 1168f
patient teaching for, 1169t
self-monitoring in, 1167-1168, 1169t

Glucose testing, in pancreatic disorders, 
1147t-1151t

Glucose tolerance, impaired, in prediabetes, 1156
Glucose-lowering agents, for diabetes mellitus, 

1158-1165. See also Insulin, exogenous.
complications of, 1162t
patient teaching for, 1173

Glucosidase inhibitors, for diabetes mellitus, 1163, 
1164t

Glucotrol (glipizide), for diabetes mellitus, 1163, 
1164t

Glutamate, 1337t
Glutaraldehyde bovine collagen, for urinary 

incontinence, 1089
Gluten-sensitive enteropathy, 997-999
Glyburide (Micronase, DiaBeta, Glynase), for 

diabetes mellitus, 1163, 1164t
Glycemic index, 1166
Glycerol rhizotomy, for trigeminal neuralgia, 1465, 

1465f
Glycoprotein IIb/IIIa inhibitors, for acute 

coronary syndrome, 744t

Gender differences (Continued) Genetic factors (Continued)
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Glycosuria, 1062t
Glycosylated hemoglobin (A1C), in diabetes 

mellitus, 1147t-1151t, 1156-1158
Glynase (glyburide), for diabetes mellitus, 1163, 

1164t
Glyset (miglitol), for diabetes mellitus, 1163, 1164t
Goiter, 1146t-1147t, 1195-1196, 1195t, 1196f
Gold compounds, for rheumatoid arthritis, 

1565t-1567t, 1573
Golimumab (Simponi), for rheumatoid arthritis, 

1573
Gonad, 1218
Gonadal hormones, 1222f, 1230
Gonadotropin-releasing hormone, 1222, 1222f
Gonadotropin-releasing hormone agonists

for endometriosis, 1290, 1290b
for infertility, 1277t

Gonadotropin-releasing hormone antagonists, for 
infertility, 1277t

Gonadotropins, measurement of, 1147t-1151t
Goniometer, 1497-1498, 1497f
Gonorrhea, 1262-1264. See also Sexually 

transmitted infections.
case study of, 1274b
septic arthritis in, 1579
vs. chlamydial infection, 1267

Good lung down, 1662
Good Samaritan laws, 1691b
Goodpasture syndrome, 212, 1073t, 1074
Goserelin (Zoladex), for prostate cancer, 

1319-1320, 1319t
Gout, 1576-1578, 1576t
Gowning, preoperative, 338
Graft(s)

arteriovenous, for hemodialysis, 1120, 1120f
coronary artery bypass, 752-753, 752f, 757-758
endovascular, for aortic aneurysms, 843, 843f
skin. See Skin grafts.

Graft rejection, 221, 221f
in renal transplantation, 1127

Graft-versus-host disease, 223-224, 276
Granulation tissue, 178, 178t, 180t

excessive, 180t
Granulocyte, 614f, 615-616
Granulocyte colony-stimulating factor, for 

neutropenia, 662
Granulocyte-macrophage colony-stimulating 

factor, for neutropenia, 662
Granulocytopenia, 660
Granulocytosis, 615-616
Granulomas, in tuberculosis, 528-529
Graphesthesia, 1348
Graves’ disease, 1195-1196, 1196f. See also 

Hyperthyroidism.
case study of, 1215b

Great toe, gout in, 1577
Greenstick fractures, 1512, 1512f
Grey Turner’s sign, 842, 1031
Grief, 143-144, 143t, 144f

in spinal cord injury, 1483-1484, 1483t
Grief Wheel, 144, 144f
Grotton’s papules, in dermatomyositis, 1589, 1589f
Growth factors

hematopoietic, for cancer, 273-274, 274t
in hematopoietic stem cell transplant, 275

Growth hormone, 1136t, 1138
deficiency of, in hypopituitarism, 1192
excess of, in acromegaly, 1190-1191
measurement of, 1147t-1151t

Growth hormone stimulation, 1147t-1151t
Guardianship, 936b
Guglielmi detachable coil, 1399, 1399f
Guided imagery, 94-95, 94t-95t
Guided meditation, 94
Guillain-Barré syndrome, 1467

Gynecomastia, 1242
Gynoid obesity, 907, 907f

H
H2-receptor blockers

for GERD, 934, 934t
for nausea and vomiting, 925-926, 926t
for peptic ulcers, 946

Haemophilus influenzae meningitis, 1381, 1381t
Hair, 415

age-related changes in, 417, 417t
assessment of, 417-423. See also Integumentary 

system, assessment of.
Hair loss. See Alopecia.
Hairy leukoplakia, HIV-related, 234, 235f
Halal foods, 889-890
Halitosis, in achalasia, 940
Hallucinogens, overdose of, 1689t
Hallux rigidus, 1552t
Hallux valgus, 1551f, 1552t

in rheumatoid arthritis, 1570-1571, 1571f
Halo sign, 1369, 1369f
Halo vest, 1476, 1477f, 1528

patient teaching for, 1482t
Haloperidol (Haldol), for delirium, 1460
Halothane (Fluothane), 343t
Hamartomas, pulmonary, 541
Hammer toe, 1552t
Hand

burns of, 462
deformities of, in rheumatoid arthritis, 

1570-1571, 1571f
Hand massage, 84, 84f
Hand washing, preoperative, 338
Hand-foot syndrome, in cancer, 269-270
Handoff procedures, 5, 15t, 328, 335, 362t
Hardiness, 89
Hartmann’s pouch, 991, 991f
Hartmann’s solution, 308t
Hashimoto’s thyroiditis, 1196
Haversian systems, 1490, 1490f
Hawthorn, 82t, 777b
Hay fever, 210
Head and neck cancer, 512-514, 929-930

case study of, 519b
chemotherapy for, 930
clinical manifestations of, 512-513, 929
collaborative care in, 513-514, 930, 930t
cultural aspects of, 929b
diagnosis of, 513, 930
etiology of, 929
nursing management of, 514-518, 930-931

assessment in, 515t, 930, 930t
evaluation in, 518, 931
implementation in, 515-518, 931
nursing diagnoses in, 515, 931
planning in, 515, 515t, 931

nutritional therapy for, 514, 930
pathophysiology of, 929
prevention of, 515
radiation therapy for, 515-516, 930
staging of, 513
surgery for, 930
swallowing problems in, 266t-267t, 268, 514
treatment of, 513-514, 513f
types of, 929t

Head injuries, 1368-1372
ambulatory and home care for, 1374-1375
brain injuries in, 1369-1370
collaborative care in, 1371-1372
complications of, 1370-1371

long-term, 1374-1375
concussions in, 1369-1370
dementia and, 1445
diagnosis of, 1371-1372

emergency management of, 1372-1374, 1372t
epidural hematoma in, 1370-1371
family concerns in, 1375
health promotion for, 1373-1375
nursing management of, 1372-1378, 1373t
patient teaching for, 1374t
scalp lacerations in, 1368
seizures after, 1370, 1374
skull fractures in, 1368-1369, 1369f, 1369t
types of, 1368-1370

Head lice, 437, 437t
Head tilt–chin lift, in CPR, 1696f, 1697-1698
Headache, 1413-1418

biofeedback for, 1416
cluster, 1414f, 1414t
collaborative care for, 1416-1418
diagnosis of, 1415t
drug therapy for, 1416-1418, 1417t
gender differences in, 1415b
in increased ICP, 1360
medication overuse, 1418
migraine, 1414f, 1414t
nursing management of, 1418-1419, 1418t
patient teaching for, 1419t
primary vs. secondary, 1413-1414
in subarachnoid hemorrhage, 1393b
in systemic disease, 1416
tension-type, 1414-1415, 1414f, 1414t

Head-up tilt-test, 807-808
Healing. See Wound healing.
Healing touch, 85
Health care

access to, 20-23, 20b. See also Health disparities.
conventional model of, 79, 80t, 85
integrative model of, 79, 80t
rationing of, 1025b

Health care financing, 4-5
Health care providers. See also Nurse(s).

HIV infection in, 230, 230t, 232, 241
Health care workplace, cultural diversity in, 25-26
Health care–associated infections, 230, 230t

urinary tract, 1066, 1068
Health care–associated pneumonia, 523. See also 

Pneumonia.
Health, determinants of, 19-20, 20f
Health disparities, 20-23, 20b

age and, 22
bias and discrimination and, 23
case study of, 33b
education and, 22
ethnicity and race and, 21
factors and conditions leading to, 20-23, 21b, 

21t
gender and, 22
income and, 22, 22f
legal/ethical issues in, 20b
occupation and, 22
place and, 21-22
provider attitudes and, 23
reduction of, 31-33, 31t
in rural populations, 66-67
sexual orientation and, 22-23

Health equity, 20
Health history. See History.
Health Insurance Portability and Accountability 

Act (HIPAA), 10
social networking and, 4b

Health literacy, 22, 53
Health maintenance organizations (HMOs), 4-5
Health perception–health management pattern, 39
Health promotion

models of, 48-49, 49t
for older adults, 72
prevention and, 63

Head injuries (Continued)



INDEX I-29

Health status, 19
Health-related beliefs and practices, 24, 26-30, 

26t
Healthy People 2020, 5, 5t, 20
Hearing aids, 409-410, 409t, 411b
Hearing loss, 406-408

assessment of, 379-382
assistive devices/techniques for, 409-410, 409t, 

411b
causes of, 407f
central, 377, 407
in chronic otitis media, 404
classification of, 407, 407t
clinical manifestations of, 407-408
communication in, 409-410, 410t
conductive, 406-407
cultural aspects of, 388b
diagnosis of, 382-384, 383t
drug-related, 380-381, 408-409
in Ménière’s disease, 405, 406t
mixed, 407
noise levels and, 408, 408f
nursing management of, 408-410
in older adults, 410-411
prevention of, 408, 408b
sensorineural, 377, 407
tinnitus and, 407-408
viral infections and, 408-409

Hearing tests, 382-384, 383t
Heart. See also under Cardiac.

blood flow through, 687, 687f
implantable artificial, 1613
layers of, 811f
neural control of, 787-788
in older adults, 691, 691t
structures and functions of, 687-689, 687f-688f, 

811f
Heart attack. See Myocardial infarction.
Heart disease. See also Cardiovascular 

disorders.
atherosclerotic. See Coronary artery disease.
in cancer, 266t-267t, 270
chest pain in, 740-747. See also Angina.
in chronic kidney disease, 1110
electrical injury and, 452
hypertensive, 713-714, 714f, 714t
inflammatory, 811-813
obesity and, 910, 911f
postoperative, 355-356
rheumatic. See Rheumatic heart disease.
stroke and, 1390
sudden cardiac death in, 762
syncope in, 807-808
valvular, 820-825. See also Valvular heart 

disease.
Heart failure, 766-786

acute decompensated, 769-770, 772-775
acute interventions for, 779
ambulatory and home care for, 779-783
case study of, 785b
chronic, 770-771
circulatory assist devices for, 773, 1610-1613
classification of, 772, 772t
clinical manifestations of

in acute decompensated failure, 769-770, 
770t, 771f

in chronic failure, 770-771
in right- vs. left-sided failure, 770t

collaborative care for
in acute decompensated failure, 772-775
in chronic failure, 775-777

compensated, 768, 780
complications of, 771-772

counterregulatory mechanisms in, 768-769
cultural aspects of, 767b
diagnosis of, 772, 773t
diastolic, 767
in dilated cardiomyopathy, 827-828
drug therapy for

in acute decompensated failure, 773-775,  
774t

in chronic failure, 774t, 776-777
etiology of, 767, 767t
gender differences in, 768b
genetic factors in, 767-769
left-sided, 769, 771t
mixed systolic-diastolic, 767-768
after myocardial infarction, 748
nursing care plan for, 9b, 780b-781b
nursing management of, 778-783

assessment in, 778, 779t
implementation in, 780
nursing diagnoses in, 779
planning in, 780

nutritional therapy for, 777-778, 778t
palliative and end-of-life care in, 783
pathophysiology of, 767
patient teaching for, 779-783, 782t
right-sided, 769, 771t
systolic, 767
transplantation for, 783-784, 783t

Heart murmurs. See Murmurs.
Heart rate

calculation of, 789-790
monitoring of. See also Electrocardiography 

(ECG).
telemetric, 790

regulation of, 690
Heart sounds, 697-698, 697f
Heart transplantation, 783-784, 783t
Heart valves

disorders of. See Valvular heart disease.
prosthetic, 825, 825f

Heartburn, in GERD, 932
Heart-lung transplantation, 556
Heat cramps, 1682
Heat exhaustion, 1682-1683
Heat therapy, 132-133, 133t

for osteoarthritis, 1564
for rheumatoid arthritis, 1575-1576
in RICE therapy, 177
for soft tissue injuries, 1508

Heatstroke, 1683-1684
Heaves, 695-697
Heberden’s nodes, 1563
Heel pain, 1552t
Height, measurement of, in nutritional assessment, 

894
Heimlich maneuver, 1698f, 1698t
Heimlich valve, 545, 545f
Helicobacter pylori infection

diagnosis of, 945
drug therapy for, 942t, 946
gastric cancer and, 951
gastritis and, 941-942
peptic ulcers and, 943-944

Heliotrope rash, in dermatomyositis, 1589
Hemangioblastoma, 1375
Hemarthrosis, 1507

in hemophilia, 655, 656f, 657
Hematemesis, 483, 620, 878t, 954t
Hematocrit, 625

normal values for, 626t
in respiratory assessment, 491t-493t

Hematologic disorders, 623t-624t, 632-683

Hematologic system, 613-631
assessment of, 619-625

bone marrow biopsy in, 628-630, 629t, 630f
case study of, 613, 620b, 622b, 625b
diagnostic studies in, 625-630, 626t-627t
focused, 625, 625b
functional health patterns in, 620-622
health history in, 619, 621t
molecular cytogenetics and gene analysis in, 

629t, 630
physical examination in, 622-625
radiologic studies in, 628, 629t

blood in, 614-616
bone marrow in, 613-614
clotting in, 616-618
iron metabolism in, 616
liver in, 619
lymph system in, 618-619
in older adults, 619, 619t
spleen in, 618
structures and functions of, 613-619, 614f

Hematology, reference intervals for, 1705t
Hematomas, 422t

epidural, 1370-1372, 1371f
fracture, 1512, 1513f
intracerebral, 1370-1371
subdural, 1371-1372, 1371t-1372t

Hematopoiesis, 613-614, 614f
in bone marrow, 1490-1491
in spleen, 618

Hematopoietic growth factors, for cancer, 
273-274, 274t

Hematopoietic stem cells, 200, 613-614, 614f
transfusion of, for leukemia, 667-668
transplantation of, 200, 274-276, 274t, 275f

for sickle cell disease, 647
for urinary incontinence, 1089

Hematuria, 1056t
Hemianopsia, 1346-1347

homonymous, 1350t, 1407, 1407f
Hemiplegia, 1350t, 1407-1408
Hemochromatosis, 647-648, 648b, 1016
Hemodiafiltration, continuous venovenous, 1123
Hemodialysis. See also Dialysis.

for acute kidney injury, 1106
complications of, 1122-1123, 1128t
continuous, 1106

venovenous, 1123-1124, 1123f, 1123t
effectiveness of, 1123
in-center, 1122
in-home, 1122, 1122f
intermittent, 1106
for poisoning, 1690
procedure for, 1121-1122
settings and schedules for, 1122
system components for, 1121, 1122f
vascular access for, 1120-1121

arteriovenous fistulas/grafts for, 1120, 1120f
dialyzers for, 1121
temporary, 1120-1121, 1121f

vs. peritoneal dialysis, 1117t
Hemodynamic monitoring, 699t-703t, 1602-1610

afterload in, 1604
of arterial blood pressure, 1606
cardiac index in, 1603, 1606
of cardiac output, 1603, 1606

arterial pressure–based, 1606-1607, 1606f
of central venous pressure, 1608-1609
complications of, 1606
contractility in, 1604
dynamic response test in, 1605, 1605f
equipment for, 1604-1605, 1604f
impedance cardiography in, 1610

Heart failure (Continued)
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invasive, 1604-1605
principles of, 1604-1605
types of, 1606-1609

noninvasive, 1609-1610
nursing management of, 1610
phlebostatic axis in, 1604-1605, 1605f
preload in, 1604
of pulmonary artery pressure, 1607-1608. See 

also Pulmonary artery catheterization.
pulse oximetry in, 479-480, 480t, 491t-493t, 

1609-1610
purpose of, 1602-1603
referencing in, 1604-1605, 1605b
resting parameters in, 1603t
of right atrial pressure, 1608-1609
of right ventricular ejection fraction, 1608
in shock, 1647
steps in, 1605, 1605t
stroke volume variation in, 1606-1607
terminology of, 1603-1604
types of, 1606-1609
vascular resistance in, 1604
of venous oxygen saturation, 1609, 1609t
zeroing in, 1605, 1605b

Hemoglobin, 615, 625, 628t
iron metabolism and, 616
normal values for, 626t
oxygen saturation of, monitoring of, 1609-1610
in respiratory assessment, 491t-493t
in respiratory failure, 1664

Hemoglobin (A1C), glycosylated, in diabetes 
mellitus, 1147t-1151t, 1156-1158

Hemolysis, 615
Hemolytic anemia, 638t, 643-645, 644f, 647
Hemolytic jaundice, 1010t
Hemolytic transfusion reactions, 211-212
Hemophilia, 655-657, 655b, 655t, 656f, 676t
Hemoptysis, 483
Hemorrhage. See also Bleeding.

anemia due to, 638t, 642-643
emergency management of, 1677-1678
gastrointestinal. See Gastrointestinal bleeding.
intracerebral, 1370, 1392-1393

hematoma and, 1371
intracranial

epidural hematoma and, 1370-1371, 1371f
subdural hematoma and, 1371, 1371t

in polycythemia, 649
postoperative, 355
splinter, 696t

in infective endocarditis, 812
subarachnoid, 1392-1393
subconjunctival, 376t
in thrombocytopenia, 651, 654-655
wound, 180t

Hemorrhagic cystitis, in cancer, 266t-267t
Hemorrhagic stroke, 1392-1393

intracerebral, 1392, 1392f
subarachnoid, 1392-1393

Hemorrhoids, 878t, 966, 1000-1001, 1000f
Hemostasis, 616-618. See also Clotting.

disorders of, 650-653
in emergency care, 1677-1678

Hemothorax, 542t, 543
drainage of, 544-547. See also Chest tubes.

Hemovac, 361t
HEPA filtration, 663
Heparin

for acute arterial ischemia, 840
for acute coronary syndrome, 743f, 744t
for angina, 743f, 744t
low molecular weight, 851-852, 851t
preoperative management of, 320
for pulmonary embolism, 553

for spinal cord injury, 1475
unfractionated, 851-852, 851t
for venous thromboembolism, 851-852, 851t

Heparin-induced thrombocytopenia, 651, 
652t-653t, 653, 852. See also 
Thrombocytopenia.

Hepatic disorders. See Liver disease.
Hepatic encephalopathy, 1021, 1021t, 1023, 1026
Hepatic transplantation, 1029
Hepatitis, 1007-1009, 1007t

acute alcoholic, 1015
acute interventions for, 1015
acute liver failure and, 1027
ambulatory and home care for, 1015
autoimmune, 1016
clinical manifestations of, 1009-1010, 1009t
collaborative care for, 1011-1013, 1012t
complementary and alternative therapies for, 

1012b
complications of, 1010
diagnosis of, 1010-1011, 1011t-1012t
drug therapy for, 1011-1013
hemodialysis-related, 1122-1123
immunization for, 1014-1015
nursing management of, 1013-1024

assessment in, 1013, 1013t
evaluation in, 1015
implementation in, 1013-1015
nursing diagnoses in, 1013
planning in, 1013

nutritional therapy for, 1013
pathophysiology of, 1009
postexposure prophylaxis for, 1014-1015, 1014t
prevention and control of, 1013-1015, 1014t
types of, 1007-1009, 1007t

Hepatitis A, 1007-1008, 1007t, 1008f
transfusion-related, 679t

Hepatitis B, 1007t, 1008, 1008f
hemodialysis-related, 1122
transfusion-related, 679t

Hepatitis C, 1007t, 1008-1009, 1122-1123
cirrhosis and, 1017
hemodialysis-related, 1122-1123

Hepatitis D, 1007t, 1009
Hepatitis E, 1007t, 1009
Hepatitis immune globulin, 1014-1015, 1014t
Hepatobiliary scintigraphy, 879t-882t
Hepatocellular carcinoma, 1027-1028, 1028f

cultural aspects of, 1017b
liver function tests in, 884t

Hepatocellular jaundice, 1010t
Hepatocytes, 869-870
Hepatoma, malignant, 1017b
Hepatomegaly, 878t

in heart failure, 772
Hepatorenal syndrome, 1021, 1027
Hepatotoxic agents, 872, 872t

chemicals, 1016
drugs, 1016, 1016b

acetaminophen, 1016, 1016b
chemotherapy, 266t-267t

Hepcidin, 619
HER-2, in breast cancer, 1246
Herbal therapies, 81-82, 81t-82t. See also 

Complementary and alternative therapies.
Herceptin. See Trastazumab (Herceptin).
Hereditary, 191t
Hereditary hemochromatosis, 1016
Hereditary nonpolyposis colorectal cancer, 986, 

986b
Hernias, 996

abdominal, 878t
dialysis-related, 1119
femoral, 996, 996f

gender differences in, 996b
hiatal, 935-936, 936f

in older adults, 937-938
incisional, 996
inguinal, 996, 996f

strangulated, 982, 983f
umbilical, 996, 996f
ventral, 996

Herniated disc, 1547-1548, 1548f, 1548t
Herniation, cerebral, 1358-1359, 1359f, 1361
Herpes simplex virus infection

conjunctival, 391
encephalitis in, 1384
genital, 436t, 1267-1269, 1268f, 1269t, 1286. See 

also Sexually transmitted infections.
meningitis in, 1384
oral, 436t, 878t, 928t, 1268, 1268f
trigeminal neuralgia after, 1464-1465

Herpes zoster, 436t
HIV-related, 236t
postherpetic neuralgia and, 119

Herpes zoster ophthalmicus, 391
Hetastarch (Hespan, Voluven), 309, 346
Heterozygous, 191t
Hiatal hernia, 935-936, 936f

in older adults, 937-938
Hiccups, postoperative, 359
High-density lipoproteins, 733-734
High-frequency oscillatory ventilation, 1622
Hilus, 476
Hinge joints, 1492f
Hip

avascular necrosis of, 1508
dislocation of, 1508, 1508f
fractures of, 1525, 1525f

in older adults, 1527
Hip compression screw, 1525f
Hip replacement, 1525-1527, 1525f-1526f, 1526t
Hip resurfacing, 1534
Hip spica casts, 1516
HIPAA (Health Insurance Portability and 

Accountability Act), 10
social networking and, 4b

Hirsutism, 422t
Hirudin derivatives, for venous 

thromboembolism, 851t, 852
Hispanics. See also Race/ethnicity.

coronary artery disease in, 732-733, 732b
hypertension in, 710b
immunization in, 504b

Histamine, in inflammation, 173f, 174t
Histamine-receptor blockers. See H2-receptor 

blockers.
Histologic grading, 254
History, 37-38

in culturally competent care, 38-41
diet, 892
family, 201
functional health patterns in, 38, 40t
interviewing in, 37
medical, 36-37
medication, 38-39
menstrual, 1228
nursing, 37

in culturally competent care, 38-41
objective data in, 37-41
obstetric, 1228
sexual, 1228-1229, 1229t
smoking, 483-484
subjective data in, 37-41

HIV infection, 231-238
acute, 233-234
antiretroviral therapy for, 237-238, 237t, 240b, 

241-242

Hemodynamic monitoring (Continued) Heparin (Continued) Hernias (Continued)



INDEX I-31

patient teaching for, 240t, 242t
resistance to, 235
side effects of, 243

asymptomatic, 234
case study of, 244b
CD4+ cells in, 232-233, 233f, 235
chronic, 234-235
clinical manifestations of, 233-235

reporting of, 242t, 243
collaborative care in, 235-238
complications of, 233-235
diagnosis of, 235, 235t-236t
encephalitis in, 1384
end-of-life care in, 243-244
exacerbations in, 242
in health care providers, 230, 230t, 232, 241
hepatitis C and, 1013
Kaposi’s sarcoma in, 234, 234f, 236t
legal/ethical issues in, 238b
meningitis in, 1384
nursing management of, 238-244

acute intervention in, 241-242
ambulatory and home care in, 243-244
assessment in, 238, 239t
evaluation in, 244
implementation in, 238-244
planning in, 238

in older adults, 244
opportunistic diseases in, 233-235, 234f, 

236t-237t, 238, 242, 243f
pathophysiology of, 232-233
in pregnancy, 232, 241
prevention of, 238-241, 239b

postexposure, 241
preexposure, 238

progression of, 233-235, 234f, 242-243, 242t
psychosocial aspects of, 241, 243
seroconversion in, 233-234
significance of problem, 231-238
in substance abusers, 232, 241
symptomatic, 234
syphilis and, 1264
testing for, 241
transmission of, 231-232

perinatal, 232, 241
sexual, 232, 239-241
via blood and blood products, 232, 241
work-related, 230, 230t, 232, 241

tuberculosis in, 528-530
viral load in, 231-232, 232f, 234
window period in, 235

HIV-antibody tests, 235, 236t
Hives, 211, 438t
HLA antigens, 219, 219f

in diabetes mellitus, 1155
in musculoskeletal disorders, 1501t-1503t

HLA matching, for platelet transfusions, 677
HLA system, 219, 219f
HLA typing, 219-220
HLA-B27

in ankylosing spondylitis, 1580-1581
in reactive arthritis, 1581

HMOs, 4-5
Hodgkin’s lymphoma, 669-670, 669t, 

670f-671f
Holding area, 334
Holistic nursing, 80. See also Complementary and 

alternative therapies.
Holter monitor, 699t-703t, 792-793
Home health care. See also specific disorders.

dialysis in, 1122, 1122f
mechanical ventilation in, 1627

for older adults, 70
oxygen therapy in, 592-593, 593f, 593t

Homelessness, among older adults, 67
Homeopathy, 81t
Homeostasis, 285-291
Homocysteine, 628t

in cardiac assessment, 698, 699t-703t
coronary artery disease and, 735

Homonymous hemianopsia, 1350t, 1407, 
1407f

Homosexuality, health disparities and,  
22-23

Homozygous, 191t
Hopelessness, in dying patients, 148
Hordeolum, 376t, 389, 390f
Hormone(s), 1134-1137, 1136t, 1138f. See also 

Endocrine system.
counterregulatory, 1154
digestive, 868, 868t
gonadal, 1222f, 1230
lipid-soluble, 1135-1137, 1135f
in obesity, 909-910, 909f, 909t
paracrine action of, 1134-1135
receptors for, 1135, 1135f
secretion of, 1134-1135, 1135f

circadian rhythms in, 1137, 1137f
regulation of, 1137

in stress response, 90, 90f-91f
tropic, 1138
water-soluble, 1135f, 1137

Hormone therapy
for breast cancer, 1251-1252, 1251t
for endometriosis, 1290
for infertility, 1282f
for menopausal symptoms, 1284-1285

Hospice care, 141-142
Hospital-associated pneumonia, 523. See also 

Pneumonia.
Hospitalization. See also Critical care 

nursing.
of older adults, 72-75, 72t
sleep disturbances and, 106

Hot flashes, 1284-1285
Huff coughing, 594, 594t, 1662
Huhner test, 1233t-1235t
Human bites, 1688
Human chorionic gonadotropin

for infertility, 1277t
in pregnancy testing, 1231, 1233t-1235t

Human epidermal growth factor receptor 
(HER-2), in breast cancer, 1244

Human Genome Project, 194
Human immunodeficiency virus infection. See 

HIV infection.
Human leukocyte antigens. See HLA 

antigens.
Human papillomavirus infection

cervical cancer and, 1292-1293
genital warts and, 1269-1270, 1270f. See also 

Sexually transmitted infections.
vaccine for, 1270, 1271b, 1293

Humerus, fractures of, 1524
Humidification, for airway clearance, 1662
Humira (adalimumab), for inflammatory bowel 

disease, 979, 979t
Humoral immunity, 207-208, 208f, 208t
Huntington’s disease, 1413, 1440, 1440b
Hwa-byung, 30t
Hyaline cartilage, 1491
Hyaluronic acid, for osteoarthritis, 1567-1568
Hydration. See Fluid management; Intake and 

output.

Hydrocele, 1324-1325, 1324f
Hydrocephalus. See also Increased intracranial 

pressure.
malignant, ventricular shunts for, 1377
normal pressure, 1458

Hydrocodone (Lortab, Vicodin, Zydonel), 124, 
125t

abuse of, 155t, 162, 163t
Hydrocortisone (Solu-Cortef)

for asthma, 570t-571t
for shock, 1643t

Hydrogen ion concentration, pH and, 302-306, 
302f

Hydromorphone (Dilaudid), 124, 125t
Hydronephrosis, 1076, 1076f, 1103
Hydrostatic pressure, 288-289
Hydroureter, 1076
Hydroxychloroquine (Plaquenil)

for rheumatoid arthritis, 1565t-1567t, 1573
for systemic lupus erythematosus, 1584

Hydroxyethyl starch (hetastarch), 309, 346
Hydroxyurea, for sickle cell disease, 646
Hygiene, 1648

oral. See Oral care.
perineal, 1068
in shock, 1648
skin. See Skin care.

Hygiene hypothesis, 562
Hymen, 1221, 1221f
Hymenoptera stings, 437, 437t, 1687
Hyperaldosteronism, 1214
Hyperalgesia, opioid-induced, 127
Hyperammonemia, in hepatic encephalopathy, 

1021, 1021t, 1023
Hyperbaric oxygen therapy

for osteomyelitis, 1541b
for wound healing, 182-183

Hypercalcemia, 299, 299t
in cancer, 278
in hyperparathyroidism, 1205-1206

Hypercapnia, 1654
clinical manifestations of, 1658-1659, 1658t
consequences of, 1658-1659
in obstructive sleep apnea, 107

Hypercapnic respiratory failure, 1654, 1655f, 
1657

Hyperdynamic therapy, for hemorrhagic stroke, 
1400

Hyperglycemia
in burn patients, 465
in diabetes mellitus, 1156, 1174, 1175t

Somogyi effect and, 1163
Hyperinsulinemia

in hypertension, 713
obesity and, 910-911

Hyperkalemia, 296-297, 296t
in acute kidney injury, 1104-1106, 1105t
in burn patients, 464
in chronic kidney disease, 1105t, 1109, 1112, 

1115
treatment of, 1105t

Hyperlipidemia. See Dyslipidemia.
Hypermagnesemia, 301-302, 302t

in chronic kidney disease, 1109
Hypernatremia, 294-295, 294f, 295t

in burn patients, 464
Hyperopia, 369, 387-388
Hyperosmolar hyperglycemic syndrome, 1176t, 

1178-1179, 1178f
Hyperparathyroidism, 1205-1206, 1205t

in CKD-MDB, treatment of, 1113
Hyperphosphatemia, 300-301, 301t

in chronic kidney disease, 1115

HIV infection (Continued) Home health care (Continued)
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Hyperpigmentation, in Addison’s disease, 1211, 
1211f

Hypersensitivity pneumonitis, 535
Hypersensitivity reactions, 209-212. See also 

Allergic disorders/reactions.
anaphylactic, 209-211, 209t, 214
atopic, 209t, 210-211
chronic, 214-215
delayed, 209t, 212
drug therapy for, 215
immunotherapy for, 215-216
mediators in, 210t
microbial, 212
preoperative management of, 321
skin testing for, 209t, 210, 213-214
type I (IgE-mediated), 209-215, 209t, 210f
type II (cytotoxic/cytolytic), 209t, 211-212
type III (immune-complex), 209t, 212
type IV (delayed), 209t, 212

Hypersplenism, 675
Hypertension (arterial), 709-729

ambulatory and home care for, 724-725
ambulatory blood pressure monitoring for, 715
assessment of, diagnostic studies in, 715, 715t
in autonomic dysreflexia, 1479
case study of, 727b
in chronic kidney disease, 1110, 1112-1113
classification of, 712, 712t, 734
clinical manifestations of, 713, 714t
collaborative care for, 715-722, 715t
complications of, 713-714

cerebrovascular disease, 714
heart disease, 713-714, 714f, 714t
nephrosclerosis, 714
peripheral vascular disease, 714
retinal damage, 714, 726, 726f

coronary artery disease and, 734
cultural aspects of, 710b
definition of, 712
in diabetes mellitus, 1181
dietary changes for, 715-716
drug therapy for, 717-722, 717t-719t

adherence to, 725
combination, 720, 721t
ineffectiveness of, 722
mechanism of action in, 717t-719t, 720f
in older adults, 725-726
patient teaching for, 720-722, 721t

etiology of, 712, 712t
gender differences in, 710b
genetic aspects of, 692, 712-713
heart failure and, 767
in hemorrhagic stroke, 1397
in hyperaldosteronism, 1214
hyperinsulinemia and, 713
insulin resistance in, 713
in ischemic stroke, 1397
isolated systolic, 712
lifestyle modifications for, 715-717, 724
metabolic syndrome and, 921
nephrosclerosis and, 714, 1082
nursing management of, 722-725

assessment in, 722t
delegation in, 724b
evaluation in, 725
implementation in, 722-724
nursing diagnoses in, 722
planning in, 722

in older adults, 725-726
pathophysiology of, 712
peripheral artery disease and, 836
pheochromocytoma and, 1214-1215
postoperative, 355-356
prehypertension and, 734
prevention of, 722-724

primary (essential), 712, 712t
renal artery stenosis and, 1082
resistant, 722
risk factors for, 713t

psychosocial, 716-717
salt intake and, 712-713, 716
screening for, 723-724
secondary, 712, 712t
smoking and, 716
stress and, 713
stroke and, 1390
weight loss for, 715

Hypertension (intracranial). See Increased 
intracranial pressure.

Hypertension (pulmonary), 552, 555t
in COPD, 585-586, 586f
cor pulmonale and, 554-556, 556t, 585-586, 

586f
idiopathic, 554, 554f
secondary, 554

Hypertension (intraabdominal), after aneurysm 
repair, 843

Hypertension (portal), in cirrhosis, 1019, 1020t
Hypertensive crisis, 726, 726t
Hypertensive emergency, 726, 726t
Hypertensive encephalopathy, 726
Hypertensive retinopathy, 395-396, 714, 726, 

726f
Hypertensive urgency, 726, 726t
Hyperthermia

in head injuries, 1374
malignant, 346

Hyperthyroidism, 1196-1199
acute intervention for, 1200-1201
clinical manifestations of, 1197, 1197t
collaborative care for, 1198-1199
complications of, 1197-1198
diagnosis of, 1198, 1198t
drug therapy for, 1198-1199
Graves’ disease and, 1195-1196, 1196f
nursing management of, 1199-1203, 1200t
nutritional therapy for, 1199, 1199f
in older adults, 1198t
surgery for, 1199-1201, 1199f

Hypertonic saline
for abortion, 1278t
for increased ICP, 1364

Hypertonic solutions, 288, 288f, 308t, 309
Hypertrophic cardiomyopathy, 828-829, 829f
Hypertrophic scars, 180f, 180t
Hypertropia, 392
Hyperuricemia, 1576-1578, 1576t

in cancer, 266t-267t
in polycythemia, 649

Hypervolemia, 288, 291-292, 292t. See also Fluid 
and electrolyte imbalances.

Hypnotherapy, for pain, 133
Hypocalcemia, 299-300, 299t

in acute pancreatitis, 1033
in CKD-MDB, 1113
in hypoparathyroidism, 1206-1207
tetany and, 300, 1493

after parathyroidectomy, 1206
Hypocretin, 100
Hypoglossal nerve, 1340, 1341f, 1341t

assessment of, 1348
Hypoglycemia, 1179

in alcohol intoxication, 160
collaborative care in, 1179t
in diabetes mellitus, 1174, 1175t, 1179,  

1179t
nursing management of, 1179-1180
postoperative postprandial, 950
Rule of 15 for, 1179

Hypokalemia, 296t, 297-298
in burn patients, 464
in diabetic ketoacidosis, 1176, 1178-1179
in hyperaldosteronism, 1214
in hyperosmolar hyperglycemic syndrome, 

1178-1179
postoperative, 356

Hypomagnesemia, 302, 302t
Hyponatremia, 294f, 295, 295t

in acute kidney injury, 1104
in burn patients, 464

Hypoparathyroidism, 1205t, 1206-1207
Hypophosphatemia, 301, 301t

in refeeding syndrome, 902
Hypophysis. See Pituitary.
Hypopigmentation, 422t
Hypopituitarism, 1192, 1192t
Hypopnea, 107

in obstructive sleep apnea, 107
Hypospadias, 1323
Hypotension

in hemodialysis, 1122
orthostatic, 723

in older adults, 725
postoperative, 355-356
postprandial, 691
in shock, 1637, 1647

Hypothalamic-pituitary-gonadal axis, 1222, 1222f
Hypothalamus, 1137, 1138t, 1339, 1339f

in fluid and electrolyte balance, 289-291
hormones of, 1136t, 1138f, 1138t
pituitary and, 1137, 1138f
in stress response, 90, 90f-91f
in weight regulation, 909-910, 909f

Hypothermia, 1684-1686, 1685t
in surgical patient, 340, 358-359, 359t
therapeutic, 1681

Hypothyroidism, 1201-1203
clinical manifestations of, 1197t, 1202
collaborative care for, 1202-1203, 1202t
complications of, 1202
diagnosis of, 1202
etiology of, 1201-1202
nursing management of, 1203-1204
in older adults, 1202
pathophysiology of, 1201-1202
patient teaching for, 1203t

Hypotonic solutions, 288, 308, 308t
Hypotropia, 392
Hypoventilation, postoperative, 352t, 353
Hypovolemia, 291, 292t. See also Fluid and 

electrolyte imbalances.
absolute, 1632t, 1633
in acute kidney injury, 1104
in dying patients, 150t-151t
NPO status and, 1055-1061
relative, 1632t, 1633

Hypovolemic shock, 1632t, 1633. See also Shock.
absolute hypovolemia in, 1632t, 1633
in burn patients, 457-461, 457f-458f
clinical manifestations of, 1633, 1635t
collaborative care for, 1644, 1645t
diagnosis of, 1633, 1634t
etiology of, 1632t
pathophysiology of, 1633, 1636f
relative hypovolemia in, 1632t, 1633

Hypoxemia, 1654
in ARDS, 1667
clinical manifestations of, 1658-1659, 1658t
consequences of, 1658-1659
in obstructive sleep apnea, 107
postoperative, 350t, 351-353, 352t, 357
refractory, 1666, 1667t
in shock, 1640-1641

Hypoxemic respiratory failure, 1655-1657, 1655f

Hypertension (arterial) (Continued)
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Hypoxia
clinical manifestations of, 479t
in shock, 1640-1641

Hysterectomy, 1296t, 1297-1299, 1297f
case study of, 1304b

Hysterosalpingography, 1233t-1235t
Hysteroscopy, 1233t-1235t
Hysterotomy, for induced abortion, 1278t
Hytrin (terazosin), for urinary calculi, 1078

I
Ibandronate (Boniva), for osteoporosis, 1556
Ibuprofen, 123t, 137f

for osteoarthritis, 1565t-1567t, 1567
ICP. See Intracranial pressure (ICP).
ICU. See Critical care nursing; Intensive care unit 

(ICU).
Idiopathic generalized epilepsy, 1420
Idiopathic pulmonary fibrosis, 551
I : E ratio, 1659
Ileal conduit, 1095, 1096f, 1096t

appliances for, 1068, 1097-1098, 1097t, 1098f
Ileocecal intussusception, 982, 983f
Ileostomy, 990f, 990t, 991, 993-994. See also 

Ostomy.
Ileus

paralytic, 982-983
after spinal surgery, 1550

postoperative, 359
Imagery, 94-95, 94t-95t, 1255b
Imaging studies. See also specific techniques.

bowel preparation for, 989, 1055
contrast-induced nephropathy and, 1105

Imiquimod, topical
for genital warts, 1269-1270
topical, 442

Imitrex (sumatriptan), for migraine, 1416,  
1416b

Immersion syndrome, 1686
Immigration, 29

acculturation and, 24, 29
Immobilization

atrophy in, 1521t
casts in, 1515-1516
compartment syndrome and, 1619
complications of, 1519-1520, 1521t
constipation and, 1519
intermaxillary fixation in, 1529, 1529f
neurovascular assessment in, 1517-1518
for osteoarthritis, 1564
renal calculi and, 1519-1520
in RICE therapy, 177
for spinal cord injury, 1476-1477, 1476f
traction in, 1514-1515, 1520

Immobilizers, 1516, 1516f
Immune globulin

for Guillain-Barré syndrome, 1467
hepatitis, 1014-1015, 1014t
for myasthenia gravis, 1438
rabies, 1688
tetanus, 1468

Immune response, 203-208
altered, 209-212
antibodies in, 205, 206t, 207-208
antigens in, 203-204
in asthma, 562
in cancer, 252-253, 252f-253f
cells in, 204-206, 205f
functions of, 203
in HIV infection, 232-233, 233f, 235
in hypersensitivity reactions, 209-212
lymphoid organs in, 204, 204f
in older adults, 208-209, 209t

primary, 208, 208f
secondary, 208, 208f

Immune system, 203-225
antibodies in, 207-208
nervous system and, 91-92, 91f

Immune thrombocytopenic purpura, 650-653, 
652t-653t. See also Thrombocytopenia.

Immune-complex reactions, 212
Immunity

acquired, 204, 204t
cell-mediated, 208, 208t, 212
humoral, 207-208, 208f, 208t
innate, 204

Immunization, 204b
for bacterial meningitis, 1383
cultural aspects of, 504b
for hepatitis A, 1007-1008, 1014
for hepatitis B, 1008, 1014-1015
for hepatitis C, 1015
for human papillomavirus, 1270, 1271b,  

1293
for influenza, 504-505, 504b, 504t
for pneumococcus pneumonia, 525, 526t,  

588
for rubella, 1226
tetanus, 1680, 1681t
for tetanus, 1468

for burn patients, 462
for fractures, 1517

Immunocompetence, 209
Immunodeficiency, 218
Immunodeficiency disorders, 218-219

primary, 218, 218t
secondary, 218-219, 218t

Immunoglobulins, 205, 206t, 207-208
Immunologic escape, in cancer, 253, 253f
Immunologic surveillance, 252

escape from, 253
Immunomodulators. See Biologic and targeted 

therapy.
Immunosuppressive therapy, 221

for inflammatory bowel disease, 979, 979t
for myasthenia gravis, 1438
for rheumatoid arthritis, 1565t-1567t, 1573
for systemic lupus erythematosus, 1584
for transplant recipients, 221-223, 222t, 223f

heart, 784
kidney, 1127
liver, 1029
lung, 556

Immunotherapy, for hypersensitivity reactions, 
215-216

Impaired fasting glucose, 1156
Impaired glucose tolerance, 1156
Impedance cardiography, 1610
Impetigo, 434t
Impingement syndrome, 1506t
Implantable artificial heart, 1613
Implantable cardioverter-defibrillators, 803, 803t
Implanted infusion ports, 310t-311t, 311, 312f. See 

also Central venous access devices.
Implementation, in nursing process, 6-7, 6f
Imuran. See Azathioprine (Imuran).
In vitro fertilization, 1277-1278
Inactivity. See also Lifestyle modifications.

coronary artery disease and, 734-735
Incentive spirometer, 354, 355f
Incision, 361, 444. See also Wound(s).
Incisional hernias, 996
Incivek (telaprevir), 1013
Incontinence. See Fecal incontinence; Urinary 

incontinence.

Increased intracranial pressure, 1358-1365
acute interventions for, 1367-1368
in bacterial meningitis, 1382
in cancer, 266t-267t
cerebral oxygenation monitoring in, 1363
clinical manifestations of, 1360-1361
collaborative care for, 1361t, 1363-1365
CSF drainage for, 1363
diagnosis of, 1361, 1361t
drug therapy for, 1364-1365
fever in, 1364
in hemorrhagic stroke, 1400
ICP monitoring in, 1361-1363, 1361f-1363f, 

1362t
in ischemic stroke, 1398
in mechanical ventilation, 1623-1624
mechanisms of, 1358-1359, 1359f
nursing management of, 1365-1372

assessment in, 1365-1366
evaluation in, 1368
implementation in, 1367-1368
nursing diagnosis in, 1366
planning in, 1367

nutritional therapy for, 1365
positioning in, 1367-1368
protection from self-injury in, 1368
psychologic aspects of, 1368
respiratory function in, 1366-1367,  

1366f
stages of, 1358, 1358f

Increased intraocular pressure, 398-401
Incus, 378, 379f
Indacaterol

for asthma, 570t-571t
for COPD, 589

Indwelling catheters, 361t
Infection(s), 226-230

antibiotic-resistant, 229-230, 229t-230t
bacterial, 227, 227t
in bioterrorism, 1690
in cancer, 277
disseminated, 226
emerging, 228-230, 228t
fungal, 227-228, 228t
health care–associated, 230, 230t
localized, 226
in older adults, 230-231
opportunistic, in HIV infection, 233-235, 234f, 

236t, 238, 242, 243f
pathogens causing, 227-228, 227t
prevention and control of, 230t, 231
prion, 228
protozoal, 228
reemerging, 228-229, 229t
systemic, 226
transfusion-related, 679t
viral, 227, 227t
vs. inflammation, 172
wound, 180f, 180t, 184

case study of, 188b
Infection precautions, 231
Infective endocarditis, 811-813

glomerulonephritis and, 1073t
Inferior vena cava, 689-690
Inferior vena cava filters, 553, 852f, 853
Infertility

assessment of, 1233t-1235t
in cancer, 266t-267t, 270-271
in cystic fibrosis, 603
female, 1276-1277
male, 1329-1330
in spinal cord injury, 1483
in testicular cancer, 1326

Immune response (Continued)
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Inflammation, 172-175, 173f
acute, 175
anemia of, 641-642, 642t
case study of, 188b
cellular response in, 173-174, 173f
chemical mediators of, 173f-174f, 174, 174t
chronic, 175
clinical manifestations of, 174-175, 175t
complement system in, 173f-174f, 174, 174t
definition of, 172
drug therapy for, 177
exudate in, 174, 175t
fever in, 174-175, 175f
nursing management of, 176-177
RICE therapy for, 177
starvation and, 892
subacute, 175
vascular response in, 173, 173f
vs. infection, 172
in wound healing, 177-178, 177f, 177t. See also 

Wound healing.
Inflammatory bowel disease, 975-981

clinical manifestations of, 976t, 977
collaborative care for, 978-981, 978t
complications of, 976t-977t, 977-978
cultural aspects of, 976b
diagnosis of, 978
drug therapy for, 978-979, 979t
etiology of, 976
genetic aspects of, 872, 976-977
nursing management of, 981-982

assessment in, 981, 981t
evaluation in, 982
implementation in, 981-982
nursing diagnoses in, 981
planning in, 981

nutritional therapy for, 980-981
in older adults, 965
pathophysiology of, 976, 976t

in Crohn’s disease vs. ulcerative colitis, 976t, 
977, 977f

surgery for, 979-980
for Crohn’s disease, 980
indications for, 979t
postoperative care for, 980
for ulcerative colitis, 979-980, 980f

Inflammatory breast cancer, 1245
Inflammatory response, 172
Infliximab (Remicade)

for inflammatory bowel disease, 979, 979t
for rheumatoid arthritis, 1573

Influenza, 228, 503-504
immunization for, 504-505, 504b, 504t

Information technology, 10-11
clinical information systems and, 10
electronic health records and, 10

Informed consent, 784b
of emancipated minor, 326
for surgery, 325-327, 326b

Infusion ports, 310t-311t, 311, 312f. See also 
Central venous access devices.

Infusion pumps, 1600b
Ingestion, 866-867
Inguinal hernias, 996, 996f

strangulated, 982, 983f
Inguinal masses, 1232t
Inguinal region, examination of, 1229-1230
Inhalation injuries, 451-452, 452t, 456t, 459, 460t
Inhalers

dry powder, 574, 574f, 574t
metered-dose, 572-574, 573f, 574t

Inhibin, 1222
Injuries. See Trauma.
Innophep (tinzaparin), for venous 

thromboembolism, 851t

Inotropes
negative, 1604
positive, 1604

for heart failure, 774-775, 774t, 777
Insect bites and stings, 215, 437, 437t, 1687-1688, 

1687f
Insensible water loss, 291
Insomnia, 101-105

acute, 101
caffeine and, 105, 106t
case study of, 111b
chronic, 101-103
clinical manifestations of, 103
cognitive-behavioral therapy for, 103-104
collaborative care in, 103-105, 103t
co-morbid, 102t, 103, 110
complementary and alternative therapies for, 

104-105, 104b
diagnosis of, 103
drug therapy for, 104, 104t
effects of, 101, 101f
etiology of, 101-103
nursing management of, 105-108

assessment in, 105, 105t
implementation in, 105-106
nursing diagnoses in, 105

pathophysiology of, 101-103
primary, 102-103

Inspection, 41
Inspra (eplerenone), for heart failure, 774t, 776
Insulin, 1140

endogenous, 1136t, 1140
in glucose metabolism, 1140, 1154-1155, 

1154f
metabolism of, 1154-1155, 1154f
secretion of, 1137, 1154

exogenous, 1158-1163
during acute illness, 1171-1172
administration of, 1160-1162
allergic reaction to, 1162
bolus, 1160
in combination therapy, 1158t, 1160
commercial preparations of, 1159f
complications of, 1162-1163, 1162t
dawn phenomenon and, 1163
for hyperkalemia, in acute kidney injury, 

1105-1106, 1105t
for hyperosmolar hyperglycemic syndrome, 

1178
injection of, 1160-1161, 1161f, 1161t
in intensive therapy, 1158-1160
intermediate-acting, 1158t-1159t, 1159f, 1160
lipodystrophy and, 1162-1163
long-acting, 1158t-1159t, 1159f, 1160
mealtime, 1160
mixing, 1160, 1161f
patient teaching for, 1160-1161
rapid-acting, 1158, 1158t-1159t, 1159f
regimens for, 1158-1160, 1159t
short-acting, 1158, 1158t-1159t, 1159f
Somogyi effect and, 1163
storage of, 1160
for surgical patients, 1171-1172
syringes for, 1160-1161
travel and, 1173
types of, 1158, 1158t, 1159f
in weight regulation, 909f

Insulin pens, 1161, 1162f
Insulin pumps, 1161-1162, 1162f, 1168-1169, 

1168f
Insulin resistance, 921, 921f, 921t, 1156

cardiovascular disease and, 1181
in diabetes mellitus, 1156, 1181
in hypertension, 713
in obesity, 910-911

Insulin sensitizers, for diabetes mellitus, 1163, 
1164t

Insulin tolerance test, 1147t-1151t
Intake and output. See also Urine output.

measurement of, 292
normal values for, 290-291, 290t
recommended amounts for, 1068

Intal (cromolyn), for hypersensitivity reactions, 
215

Integrase, 232
Integrative therapies, 80. See also Complementary 

and alternative therapies.
Integumentary system. See also Hair; Nails; Skin.

assessment of, 417-423, 423b
in dark-skinned patients, 421t, 423
diagnostic studies in, 424, 425t, 440, 442-443
health history in, 417-418, 418t
inspection in, 419-422
palpation in, 422-423
physical examination in, 418t, 419-423

disorders of, 427-449
functions of, 416
in older adults, 417, 417t
structures of, 414-416

Intellectual function. See Cognitive changes.
Intensive care unit (ICU), 1599. See also Critical 

care nursing.
“psychosis” in, 1601
sleep disturbances in, 106

Intensive insulin therapy, 1158-1160
Interdisciplinary health care team, 13-16, 14t
Interferon(s), 206-207, 207f, 207t

for cancer, 253, 272t, 273
clinical uses of, 208t
for hepatitis C, 1012
for multiple sclerosis, 1430, 1430b, 1430t
pegylated, 1012
standard, 1012

Interferon-γ release assays, 530
Interleukins, 206-207, 207t

for cancer, 253, 272t, 273, 274t
clinical uses of, 208t

Intermaxillary fixation, 1529-1530, 1529f
Intermediate care units, 1599
Intermedullary nailing, 1527-1528
Intermezzo (zolpidem), for insomnia, 104
Intermittent claudication, 834-836
Intermittent mandatory ventilation, 1620-1621, 

1620t
Internal fixation, 1514, 1516, 1517f
Internal pelvic examination, 1230
International normalized ratio (INR), 627t, 

850-851, 852t
prothrombin time and, 884t

Internet, in patient/caregiver teaching, 57
Interpreters, 32-33, 32t, 33b
Interspinous process decompression system 

(X-Stop), 1549
Interstitial cell-stimulating hormone, 1222
Interstitial cystitis, 1071-1072
Interstitial fluid, 286, 286f
Interstitial laser coagulation, for benign prostatic 

hyperplasia, 1312
Interstitial lung diseases, 550-551
Intertriginous areas, 419, 421
Intertrigo, 421, 421f, 422t
Intervertebral disc disease, 1547-1549, 

1548f-1549f, 1548t-1549t
Interviews, 37

motivational, 48-49, 49t
preoperative, 318

Intestinal dilation, in mechanical ventilation, 1624
Intestinal infarction, 983
Intestinal obstruction, 982, 983f, 983t
Intestinal polyps, 985, 985f
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Intestinal strangulation, 983
Intestinal transplantation, for short bowel 

syndrome, 999
Intimate partner violence, 1301-1302, 1690
Intraabdominal hypertension, postoperative, 843
Intraaortic balloon pump, 773, 775-776, 

1610-1612, 1610t-1612t, 1611f
nursing management of, 1613-1615

Intraarterial digital subtraction angiography, for 
stroke, 1395

Intracellular fluid, 286, 286f
Intracerebral hematoma, 1370-1371
Intracerebral hemorrhage, 1370, 1392-1393, 

1392f
Intracoronary ultrasonography, 699t-703t, 707
Intracranial hemorrhage

epidural hematoma and, 1370-1371, 1371f
subdural hematoma and, 1371, 1371t

Intracranial pressure (ICP), 1356-1358
autoregulation and, 1357-1358
cerebral blood flow and, 1357-1358, 1390. See 

also Intracranial pressure.
changes in, 1358
compensatory adaptations in, 1357
increased. See Increased intracranial pressure.
monitoring of, 1361-1363, 1361f-1363f, 1362t
normal, 1357
pressure-volume curve and, 1358, 1358f
regulation of, 1357

Intradermal tests, 213
Intradiscal electrothermoplasty, 1549
Intraductal papilloma, 1242
Intraocular pressure

in glaucoma, 398-401
measurement of, 375, 375t

Intraoperative care, 333-348
admission in, 337
for anaphylaxis, 346
anesthesia in, 336-340. See also Anesthesia.
aseptic technique in, 338, 339t
catastrophic events in, 345-346
chart review in, 337
complementary and alternative therapies in, 

337, 337b
cultural aspects of, 337
future considerations for, 346
hand-off in, 340
hypothermia prevention in, 340
latex allergy and, 346
malignant hyperthermia in, 346
nursing activities in

circulating, nonsterile, 335t
scrubbed, circulating, 335t
during surgical experience, 336t

nursing management in
before surgery, 337
during surgery, 337-340

for older adults, 345
operating room in, 333-334, 335f

patient transport to, 328, 338
preparation of, 337-338

patient positioning in, 339-340
psychosocial assessment in, 337
safety concerns in, 339
scrubbing, gowning, and gloving in, 338
skin preparation in, 340
transfer to postanesthesia care unit in, 340
Universal Protocol for, 339

Intrapleural space, 478
Intraprostatic urethral stents, 1311t, 1312
Intrapulmonary shunts, 1656
Intraspinal analgesia, 130-131
Intrathecal analgesia, 130-131

Intraurethral devices, for erectile dysfunction, 
1328-1329

Intravenous immune globulin. See Immune 
globulin.

Intravenous pyelogram, 1056t-1061t
Intravenous therapy, 308-309

in emergency care, 1676t, 1677
solutions for, 308-309, 308t

additives in, 309
crystalloid, 308t
hypertonic, 288, 288f, 308t, 309
hypotonic, 288, 288f, 308, 308t
isotonic, 288, 288f, 308-309, 308t
plasma expanders, 309, 346

Intravesical therapy, for bladder cancer, 1086
Intrinsic factor

pernicious anemia and, 951
vitamin B12 deficiency and, 941

Intrinsic nervous system, 866
Intropin. See Dopamine, exogenous.
Intussusception, 982, 983f
Invasive pressure monitoring, 1604-1605. See also 

Hemodynamic monitoring.
Invokana (canagliflozin), for diabetes mellitus, 

1164t, 1165
Iodine, for hyperthyroidism, 1199
Ionizing radiation, injury from, 1691
Ions, 286
Ipratropium (Atrovent)

for asthma, 570t-571t, 572
for COPD, 589

Ipratropium/albuterol (Combivent Respimat), for 
asthma, 570t-571t

Iprivask (desirudin), for venous 
thromboembolism, 851-852, 851t

Iris, 369f, 370
assessment of, 377

Iron, 616, 617f
dietary sources of, 889t
metabolism of, 616, 617f, 627-628
serum, 627-628, 628t
supplemental

administration of, 638
for iron-deficiency anemia, 638
side effects of, 638

toxicity of, 1689t
Iron overload

in hemochromatosis, 647-648, 648b
transfusion-related, 679t

Iron-deficiency anemia, 637-638
Irrigation

bladder, 1313
colostomy, 992-993, 993t
whole-bowel, for poisoning, 1690

Irritable bowel syndrome, 972, 972b
Ischemia

acute arterial, 839-840
critical limb, 835, 837
myocardial, 740-741

silent, 742
Ischemic heart disease. See Coronary artery 

disease.
Ischemic stroke, 1391-1392, 1391t. See also 

Stroke.
Islet cell antibody testing, 1158
Islet cell transplantation, 1158
Islets of Langerhans, 870, 1136t, 1140
Isoflurane (Forane), 343t
Isolated systolic hypertension, 712
Isolation, airborne infection, 533
Isometric contractions, 1492-1493
Isometric exercise, 761
Isoniazid, for tuberculosis, 531-532, 531t-532t

Isotonic contractions, 1492-1493
Isotonic exercise, 761
Isotonic solutions, 288, 288f, 308-309, 308t
Isotretinoin (Accutane), 438b
Itching. See Pruritus.
Ivacaftor (Kalydeco), for cystic fibrosis, 605

J
Jackson-Pratt drain, 179, 181f
Jaeger card, 374-375
JAK inhibitors, for rheumatoid arthritis, 1573
Jakafi (ruxolitinib), for polycythemia, 649
Janeway’s lesions, 812
Januvia (sitagliptin), for diabetes mellitus, 

1163-1165, 1164t
Jargon, medical, 50
Jaundice, 422t, 1007-1009, 1007f

in cirrhosis, 1017-1018
in dark-skinned patients, 421t
hemolytic, 1010t
hepatocellular, 1010t
obstructive, 1010t

Jaw fractures, 1529, 1529f
intermaxillary fixation for, 1529-1530,  

1529f
Jaw-thrust maneuver, 1677, 1677f, 1697-1698
Jaylyn (finasteride-tamsulosin), for benign 

prostatic hyperplasia, 1310
Jehovah’s Witnesses, transfusions for, 677b
Jejunostomy tubes, 898, 898f. See also Enteral 

nutrition.
Jet lag disorder, 107
Jews, dietary practices of, 889-890
Joint(s)

amputation through, 1531
bleeding into, 1507

in hemophilia, 655, 656f, 657
movements of, 1497-1498, 1498t
in older adults, 1493-1494, 1494t
range of motion of, 1497-1498, 1497f
structures and functions of, 1491, 1491f
types of, 1491, 1491f-1492f

Joint aspiration, 1499-1503
The Joint Commission

National Patient Safety Goals, 13, 14t
pain management guidelines, 135
patient/caregiver teaching standards, 52, 52t

Joint replacement, 1534-1535
ankle, 1535
complications of, 1535-1536
elbow, 1535
finger joint, 1535
hip, 1525-1527, 1525f-1526f, 1526t, 1534
knee, 1534-1535
shoulder, 1535

Joint surgery, 1534-1536
complications of, 1535
types of, 1534-1536

Jones criteria, 819, 819t
J-pouch, colonic, 988
Jugular venous bulb catheters, 1363
Jugular venous distention, 694, 696t
Junctional dysrhythmias, 794t, 797, 797f

K
Kadcyla (ado-trastuzumab), for breast cancer, 

1251t, 1252
Kalydeco (ivacaftor), for cystic fibrosis, 605
Kaposi’s sarcoma, 234, 234f, 236t
Karnofsky Functional Performance Scale, 255
Katz Index of Independence in Activities of Daily 

Living, 255
Kava, 82t, 105
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Kayexalate (sodium polystyrene sulfonate), 297
for acute kidney injury, 1105-1106, 1105t

Kayser-Fleischer rings, 1016
Kegel exercises, 1301

for cystocele, 1300-1301
for fecal incontinence, 965
postoperative, in inflammatory bowel disease, 

980
for urinary incontinence, 1088t, 1090t
for uterine prolapse, 1300

Keloids, 180f, 180t, 421t-422t, 423, 423f
Kepivance (palifermin), 269
Keratinocytes, 414-415, 415f
Keratitis, 391-392
Keratoconjunctivitis, 391-392

epidemic, 391
Keratoconjunctivitis sicca, 376t, 392

in Sjögren’s syndrome, 1590
Keratoconus, 392-393
Keratometry, 375t
Keratoplasty, penetrating, 392
Ketamine (Ketalar), 342, 343t
Ketogenic diet, 1424
Ketones

in diabetes mellitus, 1147t-1151t, 1176
urinary, 1062t

Ketorolac (Toradol), 123t
17-Ketosteroids, measurement of, 1147t-1151t
Kidney. See also under Renal; Urinary system.

in acid-base balance, 303
biopsy of, 1056t-1061t
in blood pressure regulation, 710f, 711
blood supply of, 1047
examination of, 1054-1055. See also Urinary 

assessment.
palpation in, 1054, 1055f
percussion in, 1054-1055, 1055f

in fluid and electrolyte balance, 289-290
functions of

glomerular, 1048-1049
tubular, 1048-1049

imaging studies of, 1056t-1061t, 1105
structures of, 1046-1049, 1047f

Kidney function tests, 1112t
Kidney punch, 1054-1055, 1055f
Kidney stones, 1076-1080. See also Urinary tract 

calculi.
Kidney-ureter-bladder film, 1056t-1061t
Kinase inhibitors, for renal cell carcinoma,  

1085
Kineret (anakinra), for rheumatoid arthritis,  

1573
Kinetic therapy

for ARDS, 1670, 1670f
for spinal cord injury, 1476, 1477f

Kinins, in inflammation, 173f, 174t
Kit chroeun, 30t
Knee

anterior cruciate ligament tears in, 1506t, 1511, 
1511f, 1602, 1605f, 1605t

bursitis of, 1511
meniscus injury in, 1510, 1605t

Knee arthroplasty, 1534-1535
Knee immobilizers, 1516, 1516f
Knee jerk reflex, 1338, 1338f
Knee replacement, 1534
Knock-knees, 1500t
Kock pouch, 1095-1097, 1096f
Korotkoff sounds, 690
Korsakoff ’s psychosis, 159-160, 160t
Kosher diet, 889-890
Koucharang, 30t
KUB film, 1056t-1061t
Kubler-Ross grief model, 143-144, 143t
Kuppfer cells, 869-870, 870t

Kussmaul respiration, 304-305, 488t
in chronic kidney disease, 1110
in diabetic ketoacidosis, 1176

Kwashiorkor, 890
Kyphoplasty, 1528
Kyphosis, 1500t, 1528, 1554, 1554f

in ankylosing spondylitis, 1580, 1580f

L
Labetalol (Normodyne), 727b
Laboratory reference intervals, 1701

for cerebrospinal fluid analysis, 1708t
for fecal analysis, 1708t
for hematology, 1705t
for serology-immunology, 1706t
for serum, plasma, and whole blood 

chemistries, 1701t-1704t
for urine chemistry, 1707t

Lacerations
cerebral, 1370
scalp, 1368

Lachman’s test, 1511
Lacrimal system, 370, 370f
Lactase deficiency, 999
Lactated Ringer’s solution, 308t
Lactation, 1221, 1222f
Lactational breast abscess, 1240-1241, 1241t
Lactational mastitis, 1240
Lactose intolerance, 999
Lactulose, for hepatic encephalopathy, 1023
Laminectomy, 1549

postoperative care in, 1550
Langerhans’ cells, 204, 206
Lanoxin (digoxin)

for heart failure, 774t, 777, 777b
for myocarditis, 818

Laparoscopic cholecystectomy, 1038-1039
Laparoscopic nephrectomy, 1095
Laparoscopy, 879t-882t

diagnostic
for acute abdominal pain, 969-971
in reproductive assessment, 1233t-1235t

for ectopic pregnancy, 1283, 1283f
Lapatinib (Tykerb), for breast cancer, 1251t, 1252
Lap-Band system, 916, 917t, 918f
Large intestine. See also Bowel; Colon.

obstruction of, 982, 983f, 983t
structures and functions of, 868-869, 869f

Laryngeal cancer, 512-514. See also Head and 
neck cancer.

case study of, 519b
surgery for. See Laryngectomy.

Laryngeal edema, postoperative, 352t
Laryngeal polyps, 512
Laryngeal stridor, after thyroidectomy, 1201
Laryngectomy, 513, 513f

ambulatory and home care for, 518
case study of, 519b
nursing management in, 516
partial, 513
psychosocial aspects of, 517-518
radical neck dissection with, 513, 514f
speech after, 514f, 516-517, 517f, 519f
stoma care for, 517
total, 513, 514f

Laryngospasm, postoperative, 352t
Larynx, 476

artificial, 516-517, 517f
Laser photocoagulation, for diabetic retinopathy, 

1182
Laser prostatectomy, 1311-1312, 1311t
Laser therapy

cosmetic, 445
for glaucoma, 399
for lung cancer, 539

for refractive errors, 387
for retinal detachment, 396-397
for skin disorders, 440-441, 440t
for varicosities, 856

Laser-assisted in situ keratomileusis (LASIK), 387
Latent autoimmune diabetes in adults, 1155
Lateral epicondylitis, 1500t
Latex allergy, 216-217, 216t, 321, 346
Latex-food syndrome, 216
Latinos/Latinas. See also Race/ethnicity.

coronary artery disease in, 732-733, 732b
hypertension in, 710b
immunization in, 504b

Lavage
bronchoalveolar, 490-493
gastric, 957

for poisoning, 1689
Laxatives, 967, 967t

in bowel training, 966
cathartic colon syndrome and, 966

Learning. See also Patient and caregiver teaching.
definition of, 48

Learning needs, 54
Learning readiness, 54
Learning styles, 54
Leflunomide (Arava), for rheumatoid arthritis, 

1565t-1567t, 1573
Left ventricular end-diastolic pressure, 1603t, 1604
Left ventricular thrombus, in heart failure, 772
Leg. See Lower extremity.
Legal blindness, 374, 388
Legal issues. See Ethical/legal issues.
Leiomyomas, 1290-1291, 1291f
Lens, of eye, 369f, 370

absence of, 387
Lenses

corrective, 387, 411b
intraocular implanted

after cataract removal, 393-394, 395t
for refractive errors, 387-388

Lentigo, 439t
Lepirudin (Refludan), for venous 

thromboembolism, 851t, 852
Leptin, 866-867, 909, 909f
Lesbians, health disparities and, 22-23
Letrozole (Femara), for breast cancer, 1251-1252, 

1251t
Leukemia, 664-668

acute interventions in, 668-669
acute lymphocytic, 664, 665t
acute myelogenous, 664, 665t
ambulatory and home care for, 669
chemotherapy for, 666-668, 667t
chronic lymphocytic, 665-668, 665t
chronic myelogenous, 664-665, 665t
classification of, 664-665
clinical manifestations of, 665-666, 665t
collaborative care for, 666-668
diagnosis of, 665t, 666
etiology of, 664-665
lymphoma and, 665
nursing management of, 668-669

assessment in, 668t
implementation in, 668-669
nursing diagnosis in, 668

pathophysiology of, 664-665, 666f
secondary, 250

Leukocytes. See White blood cells.
Leukopenia, 625-626, 660

in cancer, 266t-267t
Leukoplakia, 513, 878t, 929

oral hairy, HIV-related, 234, 235f
Leukotriene modifiers, for asthma, 570t-571t, 

571-572

Laser therapy (Continued)
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Leukotriene receptor antagonists, for 
hypersensitivity reactions, 215

Leukotrienes, 173f-174f, 174, 174t
Leuprolide (Lupron)

for endometriosis, 1290, 1290b
for prostate cancer, 1319-1320, 1319t

Levalbuterol (Xopenex), for asthma, 570t-571t
Level of consciousness, 1360

assessment of, 1365
Levitra (vardenafil), 1328, 1328b
Levodopa-carbidopa (Sinemet), for Parkinson’s 

disease, 1434-1435, 1435b
Levonorgestrel (Plan-B One-Step), for rape 

victims, 180t
Levophed (norepinephrine), for shock, 1643t
Levorphanol (Levo-Dromoran), 124, 125t
Levothyroxine (Synthroid), for hypothyroidism, 

1202-1203, 1203b
Lewy bodies, in Parkinson’s disease, 1432
Lewy body dementia, 1457-1458
LGBT persons, health disparities and, 22-23
Lhermitte’s sign, 1429
Lice, 437, 437t
Licensed practical/vocational nurses, 15-16

in intraoperative care, 335
Lichen sclerosis, genital, 1286-1287
Lichenification, 422t, 444
LICOX catheter system, 1363, 1364f, 1395
Lidocaine, 127, 128t, 130
Life review, 149
Lifestyle modifications

for coronary artery disease, 736t-737t, 737
dietary. See Diet.
exercise. See Exercise.
for GERD, 932-933
for hypertension, 715-717, 724
for metabolic syndrome, 921-922
for obesity, 913-915, 921-922
for peptic ulcers, 930, 949
for peripheral artery disease, 835-837
smoking cessation, 156-159, 156f, 156t-158t, 

523, 588
for urinary incontinence, 1089-1090, 1089t

Ligaments, 1493
injuries of

anterior cruciate ligament, 1511, 1511f, 1605t
sports-related, 1506t
sprains, 1506-1508, 1507t, 1550, 1598-1602

Limb length, measurement of, 1498
Limbic system, 1339

in stress response, 90, 91f
Linagliptin (Tradjenta), for diabetes mellitus, 

1163-1165, 1164t
Linear accelerators, 263, 264f
Linton-Nachlas tube, 1022-1023
LINX Reflux Management System, 935
Lioresal (baclofen), for pain, 127, 128t
Liotrix, for hypothyroidism, 1203
Lip, 867

cancer of, 929-930, 929t. See also Head and 
neck cancer.

disorders of, 878t
herpetic lesions of, 436t, 878t, 1268, 1268f

Lip reading, 410
Lipase, serum, 879t-882t
Lipectomy, 917
Lipid-lowering agents, 737-740, 739t

for acute coronary syndrome, 753
for peripheral artery disease, 836
side effects of, 739b

Lipids/lipoproteins, 698-704, 699t-703t
elevated serum. See Dyslipidemia.
high-density, 696t, 699, 733-734

low-density, 696t, 699, 733-734
very-low-density, 696t, 699, 733-734

Lipodermatosclerosis, 849, 849f
Lipodystrophy

in antiretroviral therapy, 243, 243f
insulin-related, 1162-1163

Lipomas, 439t
Lipoprotein a, 699t-703t, 704. See also Lipids/

lipoproteins.
Lipoprotein-associated phospholipase A2, 

699t-703t, 704
Liposuction, 446, 917-918
Liraglutide (Victoza), for diabetes mellitus, 1165
Listening, active, 50, 149
Literacy, health, 53
Lithotripsy

cystoscopic, 1079
electrohydraulic, 1079
extracorporeal shock wave

for gallstones, 1038
for urinary calculi, 1079

laser, 1079
percutaneous ultrasonic, 1079

Liver. See also under Hepatic.
biopsy of, 879t-882t, 883

in hepatitis, 1010
enlarged, 878t

in heart failure, 772
functions of, 869-870, 869f, 870t

hematologic, 619
nodular, 878t
in older adults, 871, 871t
palpation of, 624, 876-877, 876f
structures of, 869-870, 869f, 870t

Liver cancer, 1027-1028, 1028f
cultural aspects of, 1017b
liver function tests in, 884t

Liver disease, 1007-1013
autoimmune, 1016
cultural aspects of, 1017b
diagnosis of, 884t
drug-/chemical-induced, 1015-1016
genetic, 1016-1017
metabolic, 1016-1017
obesity and, 911
in older adults, 1029-1030

Liver failure
acute, 1027
renal failure and, 1021, 1027

Liver function studies, 883, 884t
Liver transplantation, 1029
Living wills, 71, 146, 146t
Lobectomy, 548t. See also Chest surgery.
Lobular carcinoma in situ, 1244-1245
Local anesthesia, 342-345. See also Anesthesia.
Longitudinal fractures, 1511, 1512f
Long-term care facilities, for older adults, 70
Loop colostomy, 991, 991f
Loop electrosurgical excision procedure (LEEP), 

1233t-1235t, 1293
Loop stomas, 991, 991f
Loopogram, 1056t-1061t
Looser’s transformation zones, 1553
Lopid (gemfibrozil), 739t, 740b
Lorcaserin (Belviq), 916
Lordosis, 1500t, 1528
Lortab (hydrocodone), 124, 125t
Losartan (Cozaar), for gout, 1578
Lotronex (alosetron), for irritable bowel 

syndrome, 972, 972b
Lovenox (enoxaparin), for venous 

thromboembolism, 851t, 853b

Low back pain, 1544-1545. See also Back pain.
Low-density lipoproteins, 733-734
Lower esophageal sphincter, 867

in achalasia, 940
in GERD, 931, 932t

Lower extremity
amputation of. See Amputation.
casts for, 1515f, 1516
peripheral artery disease of, 834-837. See also 

Peripheral artery disease.
splints for, 1516

Lower gastrointestinal disorders, 961-1005
Lower gastrointestinal series, 879-882, 879f, 

879t-882t
Lower motor neurons, 1338
Lower respiratory disorders

hypertensive, 553-557
infectious, 522-527
interstitial, 550-551
malignant, 535-539
restrictive, 549-550
thoracic, 541-547
vascular, 551-553

Lower respiratory tract, structures and functions 
of, 475-476, 476f

Low-potassium diet, for chronic kidney disease, 
1114t-1115t, 1115

Low-protein diet, for chronic kidney disease, 
1114-1115, 1114t

Low-sodium diet, 777-778, 778f, 778t, 1023-1024
for chronic kidney disease, 1114t, 1115
for hypertension, 712-713, 716
for urinary tract calculi, 1080

Lumbar fusion, 1549
Lumbar puncture, 1349-1351, 1352t-1353t

for stroke, 1395-1400
Lumpectomy, 1247-1249, 1248f, 1248t
Lund-Browder chart, 453, 454f
Lunesta (eszopiclone), 104
Lung. See also under Pulmonary; Respiratory.

in acid-base balance, 303
benign tumors of, 541
biopsy of, 491t-493t, 493-494, 494f
black, 535
blood supply of, 477-478
environmental/occupational diseases of, 535
gas exchange in, 477, 477f
metastases to, 541
structure of, 476-478, 476f-477f
white, 1667

Lung abscess, 534
Lung cancer, 535-539

acute intervention in, 540
airway stenting for, 539
ambulatory and home care for, 540-541
asbestos-related, 535
biologic and targeted therapy for, 539
bronchoscopic laser therapy for, 539
case study of, 557b
chemotherapy for, 539
clinical manifestations of, 537-538
collaborative care in, 538-539, 538t
cultural aspects of, 536b
etiology of, 535-539
gender differences in, 536, 536b
genetic factors in, 536
non–small cell, 536, 537t
nursing management of, 539-541

assessment in, 539, 540t
evaluation in, 541
implementation in, 540-541
nursing diagnoses in, 539-540
planning in, 540

Lipids/lipoproteins (Continued)
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occupational exposures and, 535-536
paraneoplastic syndrome and, 536-537
pathophysiology of, 536-537, 536f-537f
photodynamic therapy for, 539
prevention of, 540
radiation therapy for, 539

prophylactic cranial, 539
radiofrequency ablation of, 539
screening for, 538
small cell, 536, 537t
smoking and, 535-539
staging of, 538, 538t
surgery for, 538-539

Lung capacities, 495t
Lung disease. See also Respiratory disorders.

obstructive. See Asthma; Bronchiectasis; 
Chronic obstructive pulmonary disease 
(COPD); Cystic fibrosis.

occupational, 535
asthma as, 562
pneumoconioses, 535

Lung infections. See also Pneumonia.
in cystic fibrosis, 603-604

Lung transplantation, 556-557, 556t
for COPD, 596

Lung volume reduction surgery, 548t, 596
Lung volumes, 495t
Lupus

subacute cutaneous, 1582
systemic. See Systemic lupus erythematosus.

Lupus nephritis, 1582-1583
Luteinizing hormone, 1136t, 1138, 1222, 1222f

deficiency of, in hypopituitarism, 1192
measurement of, 1147t-1151t

Luteinizing hormone–releasing hormone agonists, 
for prostate cancer, 1319-1320, 1319t

Luteinizing hormone–releasing hormone 
antagonists, for prostate cancer, 1319t, 1320

Lyme disease, 1578-1579, 1579t, 1687-1688
Lymph node(s), 619

assessment of, 622-624, 622f
biopsy of, 629t, 630
cervical, dissection of, 513, 514f, 930

nursing management of, 516
Lymph node dissection, axillary, in breast cancer, 

1245-1246, 1246f
Lymph system, 618-619
Lymphedema, 1249, 1249f, 1254-1255
Lymphocyte(s), 173f, 174, 204-206, 206f, 616

B, 205, 205f
T, 205, 205f

Lymphocyte count, 626
Lymphocyte immune globulin (Atgam), for 

transplant immunosuppression, 222t, 223
Lymphoid organs, 204, 204f
Lymphoma, 669-670

Burkitt’s, 671
central nervous system, 1375
cutaneous T-cell, 432t
Hodgkin’s, 669-670, 669t, 670f-671f
leukemia and, 665
non-Hodgkin’s, 669-672, 669t, 671f-672f
secondary, 250

Lynch syndrome, 986, 986b

M
Macrodantin (nitrofurantoin), 1067, 1067b
Macroglia, 1336
Macrophage(s), 173-174, 173f, 616

alveolar, 481
in cancer, 253

Macrophage colony-stimulating factor, 207t
Macula, 369f, 371
Macular degeneration, 397-398

Macules, 420t
Mad cow disease, 1458
Magnesium balance

disturbances of, 301-302
in chronic kidney disease, 1109
hypermagnesemia, 301-302, 302t, 1109
hypomagnesemia, 302, 302t

regulation of, 301
Magnetic resonance angiography, 699t-703t

cerebral, 1351, 1352t-1353t
renal, 1056t-1061t, 1105

Magnetic resonance cholangiography, 879t-882t
Magnetic resonance imaging (MRI)

of adrenal gland, 1147t-1151t
of breast, 1240
in cardiovascular disorders, 699t-703t, 706
in gastrointestinal disorders, 879t-882t
of kidney, 1056t-1061t

in acute kidney injury, 1105
in musculoskeletal disorders, 1501t-1503t
in neurologic disorders, 1351, 1352t-1353t, 

1353f
of pituitary, 1147t-1151t
in respiratory assessment, 491t-493t

Magnetoencephalography, 1352t-1353t
Major histocompatibility antigens, 219
Mal ojo, 28
Malabsorption syndrome, 891, 997-1000, 997t

in celiac disease, 997-999
Malignant hepatoma, 1017b, 1027-1028, 1028f
Malignant hyperthermia, 346
Malignant melanoma, 251, 432-435

ABCDEs of, 430-431, 431f, 433
Breslow measurement of, 433, 433f
case study of, 447b
clinical manifestations of, 432t, 433
collaborative care in, 433-434
dysplastic nevi and, 432t, 433f, 434-435
prognosis of, 432t
staging of, 433
treatment of, 432t, 433-434
uveal, 402, 402f

Malignant neoplasms, 253. See also Cancer.
Malignant nephrosclerosis, 1082
Malignant otitis externa, 403
Malleus, 378, 379f
Mallory-Weiss tears, 925, 954
Malnutrition, 890-893

in acute disease, 890-891
acute interventions for, 895, 895t. See also 

Nutritional therapy.
ambulatory and home care for, 895-896
in anorexia nervosa, 903
in cancer, 276-277, 276t
in chronic disease, 890-891
clinical manifestations of, 892, 892f
contributing factors in, 890-891
diagnosis of, 892-893
diet history in, 892-893
dietary deficiencies and, 891
etiology of, 890
inflammation and, 892
injury-related, 890
malabsorption and, 891
nursing management of, 893-896

assessment in, 893-894, 893t. See also 
Nutritional assessment.

evaluation in, 896
implementation in, 894-896
nursing diagnoses in, 894
planning in, 894

in older adults, 896-900
assessment for, 67, 67t, 894

prevention of, 894
risk factors for, 890t

screening for, 893-894
socioeconomic factors in, 890
starvation-related, 890-892

Mammography, 1233t-1235t, 1236, 1238-1240, 
1239f

digital, 1239
stereotactic, 1239-1240
3D, 1239

Mammoplasty, 1256-1258
augmentation, 1257
reconstructive, 1256-1257, 1256f-1257f
reduction, 1257-1258

Mandibular fractures, 1529, 1529f
Manipulative and body-based therapies, 80t
Mannitol (Osmitrol), for increased ICP, 1364
Mantoux test, 212, 478, 494t, 530
Mantra, 94
Marasmus, 890
Marijuana, 155t, 163t, 164-165

for pain, 128-129
Marinol (dronabinol), 165
Masks, oxygen, 590t-591t
Mass casualty incidents, 1691-1692
Massage, 83-84, 84f, 95, 132

prostatic, 1322
Mast cells, 616
Mastalgia, 1240
Mastectomy, 1248f, 1249

breast reconstruction after, 1256-1257, 
1256f-1257f

exercises after, 1254, 1254f
lymphedema after, 1249, 1249f, 1254-1255
modified radical, 1248f, 1249
pain after, 1249
postoperative care in, 1254
preoperative care in, 1254
prophylactic, 1244, 1254

Mastitis, 1240
Mastoiditis, 404-405
Maximal voluntary ventilation (MVV), 495t
Maze procedure, 797
McBurney’s point, 974
McMurray’s test, 1510
MDRD Study equation, 1112, 1112t
Mean arterial pressure, 690
Mechanical receptors, 480
Mechanical ventilation, 1618-1627, 1668

airway pressure release, 1620t, 1621
alarms for, 1619, 1619t-1620t, 1625
alveolar hyperventilation in, 1623
alveolar hypoventilation in, 1623
in ARDS, 1668, 1670-1671

complications of, 1668-1669
aspiration in, 523, 1623-1624
assist-control, 1619-1620, 1620t
automatic tube compensation in, 1622
barotrauma in, 1622-1623, 1668
bilevel positive airway pressure, 1622
case study of, 1628b
chronic, 1627
complications of, 1622-1625

cardiovascular, 1622
gastrointestinal, 1624
metabolic, 1623
musculoskeletal, 1624
neurologic, 1623-1624
pulmonary, 1622-1623

continuous positive airway pressure, 1620t, 
1621-1622

in airway pressure release ventilation, 1620t, 
1621

delegation in, 1625b
disconnection/malfunction of, 1625
fluid imbalance in, 1623
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high-frequency oscillatory, 1622
in home care, 1627
increased intracranial pressure in, 1623-1624
indications for, 1618
intermittent mandatory, 1620-1621, 1620t
negative pressure, 1618, 1618f
nitric oxide in, 1622
nutritional therapy in, 1625
pneumomediastinum in, 1622-1623
pneumonia in, 523, 1623, 1668
pneumothorax in, 1622
positive end-expiratory pressure in, 1620t,  

1621
positive pressure, 1618-1619

in ARDS, 1669-1670
potassium imbalance in, 1623
pressure, 1619

modes of, 1621
pressure support, 1620t, 1621
pressure-control inverse ratio, 1620t, 1621
psychosocial aspects of, 1624
sedation in, 1624
settings for, 1619, 1619t
synchronized intermittent mandatory, 

1620-1621, 1620t
TOF assessment in, 1624, 1624f
ventilator bundle in, 1668t
volume, 1618-1619

modes of, 1619-1621
volutrauma in, 1623
weaning from, 1625-1627, 1626t
withholding/withdrawal of, 1618

Mediastinoscopy, 491t-493t
Medic Alert identification

for Addison’s disease, 1212-1213
for Alzheimer’s disease, 1454-1455
for diabetes mellitus, 1173, 1173f

Medicaid, 69
Medical care–associated pneumonia, 523-524. 

See also Pneumonia.
Medical futility. See End-of-life care.
Medical history, 36-37
Medical jargon, 50
Medical power of attorney, 146
Medical records, electronic, 10

terminology for, 10-11
Medicare, 68-69
Medications. See Drug(s).
Meditation, 94, 94t
Medrol. See Methylprednisolone (Medrol, 

Solu-Medrol).
Medroxyprogesterone (Depo-Provera, Provera), 

for menopausal symptoms, 1284-1285,  
1285b

Medullary cystic disease, 1083
Megacolon, toxic, 977
Megakaryocytes, in thrombocytopenia, 652
Megaloblastic anemia, 640-641, 640t

cobalamin deficiency and, 640-641, 640t
folate deficiency and, 640t, 641

Meglitinides, for diabetes mellitus, 1159f, 1163
Meiosis, 192
Melanocyte, 414-415, 415f
Melanocyte-stimulating hormone, 1136t
Melanoma. See Malignant melanoma.
Melatonin, 84t, 100, 1139

for insomnia, 104-105, 104b
Melatonin-receptor antagonists, for insomnia, 104, 

104t
Melena, 637, 878t, 954
Memantine (namenda) (Memantine), for 

Alzheimer’s disease, 1452

Memory impairment
in Alzheimer’s disease, 1448, 1448t-1449t
in mild cognitive impairment, 1449t
normal age-associated, 66, 1449t

Men. See Gender differences.
Menarche, 1223, 1224t
Ménière’s disease, 405, 406t
Meninges, 1342
Meningiomas, 1375, 1375t
Meningitis

bacterial, 1381-1383, 1381t-1382t
viral, 1381t, 1384

Meningococcal meningitis, 1381-1383, 1381t
immunization for, 1383

Meniscus injuries, 1506t, 1510, 1605t
Menopause, 1224, 1283-1285

surgical, 1298
Menorrhagia, 1228, 1280

balloon thermotherapy for, 1281, 1282f
Menotropin, for infertility, 1277t
Menstrual cycle, 1223-1224, 1223f, 1224t

anovulatory, 1223
Menstrual disorders, 1279-1280
Menstrual extraction, 1278-1279, 1278t
Menstrual history, 1228
Menstruation

menorrhagia in, 1228, 1280-1281, 1282f
metrorrhagia in, 1228, 1280-1281
oligomenorrhea in, 1280-1281
painful, 1280

in endometriosis, 1289
patient teaching for, 1282-1283
in thrombocytopenia, 655
toxic shock syndrome and, 1282

Mental status examination, 1346, 1349t. See also 
Neurologic examination.

in Alzheimer’s disease, 1451, 1451f,  
1451t

Meperidine (Demerol), 126
6-Mercaptopurine, for inflammatory bowel 

disease, 979, 979t
MERCI retriever, 1399, 1399f
Mesentery, 866
Mesothelioma, 541
Metabolic acidosis, 304-305, 304t-305t

in acute kidney injury, 1104
anion gap in, 305
in chronic kidney disease, 1109
in diabetes mellitus, 1156, 1176-1178, 

1176t-1177t, 1177f
in mixed acid-base imbalances, 305

Metabolic alkalosis, 304t-305t, 305
in mixed acid-base imbalances, 305

Metabolic bone disease, 1553-1555
Metabolic equivalent (MET), 760-761, 760t
Metabolic syndrome, 921, 921f, 921t, 1156

coronary artery disease and, 735
Metanephrine, measurement of, 1147t-1151t
Metaphysis, 1490, 1490f
Metastases, 251-252, 251f-252f

bone, 1543
in brain cancer, 1375, 1375t
in breast cancer, 1244
liver, 1028, 1028f
lung, 541

Metered-dose inhalers, 572-574, 573f, 574t
Metformin, for diabetes mellitus, 1163, 1164t
Methadone (Dolophine), 124, 125t
Methicillin-resistant Staphylococcus aureus 

(MRSA), 229, 229t-230t
Methimazole (Tapazole), for hyperthyroidism, 

1198-1199
Methohexital (Brevital), 343t

Methotrexate
for ectopic pregnancy, 1283
for inflammatory bowel disease, 979, 979t
with misoprostol, 1278t
for rheumatoid arthritis, 1565t-1567t

Methylmalonic acid, 628t
Methylnaltrexone (Relistor), for constipation, 126, 

967
Methylprednisolone (Medrol, Solu-Medrol)

for asthma, 570t-571t
for spinal cord injury, 1475

Methylxanthines
for asthma, 570t-571t, 572
for COPD, 589

Metoclopramide (Reglan)
for GERD, 934, 934t
for nausea and vomiting, 926t
tardive dyskinesia due to, 925b

Metronidazole (Flagyl), for clostridial diarrhea, 
963, 963t

Metrorrhagia, 1228, 1280-1281
Mexiletine, for pain, 127, 128t
Microglia, 1336
Microlithiasis, in acute pancreatitis, 1030
Micronase (glyburide), for diabetes mellitus, 1163, 

1164t
Micturition, 1050. See also Urinary elimination.
Mifepristone (Mifiprex, Ru-486), 1278t

for rape victims, 180t
Mifflin–St. Jeor equation, 887, 888t
Miglitol (Glyset), for diabetes mellitus, 1163, 1164t
Migraine, 1414f, 1414t. See also Headache.

collaborative care for, 1416-1418
drug therapy for, 1416-1417
nursing management of, 1418-1419

Mild cognitive impairment, 1449t, 1450
Miliary tuberculosis, 530
Milk thistle (Silymarin), 1012b
Milrinone, for heart failure, 774t, 775
Mind-body medicine, 80t, 82-83. See also 

Complementary and alternative therapies.
Mindfulness practices, 94
Mineral(s), 889, 889t

in parenteral solutions, 902
Mineral oil slides, 425t
Mineralocorticoids, 1136t, 1140. See also 

Corticosteroids.
in adrenal disorders, 1147t-1151t, 1151, 

1207-1209, 1208t
Mini Nutritional Assessment, 894
Mini-Cog, 1451, 1457f
Minimal leak technique, 1615
Minimal occluding volume technique, 1615
Mini-tracheostomy, 1662
Minnesota tube, 1022-1023
Minorities. See Race/ethnicity.
Miotics, for glaucoma, 400t
Mirror therapy, 1532, 1532f

for stroke, 1396b
Miscarriage, spontaneous, 1278
Misoprostol, for peptic ulcers, 947
Mitosis, 192
Mitoxantrone (Novantrone), for multiple sclerosis, 

1430
Mitral commissurotomy, 824
Mitral valve, 687, 687f
Mitral valve prolapse, 821t-822t, 822, 822f
Mitral valve regurgitation, 821-822, 821f, 821t
Mitral valve stenosis, 821, 821f, 821t
Mixed acid-base imbalances, 305
Mixed (overlapping) connective tissue disease, 

1590
Mixed dementia, 1458

Mechanical ventilation (Continued)
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Mixed venous blood gases, 479, 480t
Mixed venous oxygen saturation, 1609, 1609t
Mobitz heart block

type I, 794t, 798, 798f
type II, 794t, 798, 798f

Modified radical mastectomy. See Mastectomy.
Modulation, of pain, 116f, 118
Mohs’ surgery, 442-443, 443f
Moles, 422t, 439t. See also Nevus.
Mometasone (Asmanex, Twisthaler), for asthma, 

570t-571t
Mometasone/formoterol (Dulera), for asthma, 

570t-571t
Monitored anesthesia care, 340, 341t
Monoclonal antibodies

for cancer, 271-273, 272t
for Hodgkin’s lymphoma, 670
for multiple myeloma, 674
for non-Hodgkin’s lymphoma, 672-673
side effects of, 273
for transplant immunosuppression, 222t, 223

Monocytes, 173-174, 173f, 614f, 616
in cancer, 253

Monroe-Kellie doctrine, 1357
Mons pubis, 1221, 1221f
Montelukast (Singulair), for asthma, 570t-571t, 

571-572
Moon face, in Cushing syndrome, 1208f, 1209
Morbid obesity, 906-907, 907t
Morphine, 124, 125t

for acute coronary syndrome, 753
for heart failure, 774

Morton’s neuroma, 1552t
Motivational interviewing, 48-49, 49t
Motor endplate, 1493, 1493f
Motor examination, 1348
Motor neurons, 1338
Motrin (ibuprofen), 123t
Mouth. See Oral cavity.
Mouth-to-barrier device resuscitation, 1696f, 1698
Mouth-to-mouth resuscitation, 1696f, 1698
Mozobil (plerixafor), 275
Mucin clot test, 1503
Mucociliary escalator, 480-481
Mucolytics, 1662
Mucositis

in cancer, 266t-267t, 268
oral, radiation therapy and, 516

MUGA scan, 699t-703t
Multidrug-resistant tuberculosis, 528
Multiinfarct dementia, 1444. See also Dementia.
Multinucleated giant cells, 174
Multiple chemical sensitivity, 216-217
Multiple endocrine neoplasia, 1204-1205
Multiple myeloma, 673-674

case study of, 680b
Multiple organ dysfunction syndrome (MODS), 

1649-1650, 1651t
shock and, 1632f
systemic inflammatory response syndrome and, 

1632f
Multiple sclerosis, 1428-1431
Multiple sleep latency tests, 107
Mumps, 928t
Murmurs, 691, 696t, 697

in infective endocarditis, 812
in older adults, 691
in valvular heart disease, 821t

Muromonab-CD3 (Orthoclone, OKT3), for 
transplant immunosuppression, 222t

Muscle, 1491-1493
in older adults, 1493-1494, 1494t
structure of, 1492, 1493f
types of, 1491-1492

Muscle atrophy, 1492, 1500t, 1521t

Muscle contractions, 1492-1493
energy sources for, 1493

Muscle contractures. See Contractures.
Muscle cramps, in hemodialysis, 1122
Muscle fibers, 1492

fast-twitch, 1492-1493
slow-twitch, 1492-1493

Muscle hypertrophy, 1492
Muscle mass, measurement of, 1498
Muscle pain, 1500t
Muscle relaxants, 127, 128t
Muscle spasms, 1500t

in multiple sclerosis, 1429, 1431
in musculoskeletal trauma, 1521t
after stroke, 1408

Muscle strength, assessment of, 1366, 1498, 1498t
in malnutrition, 893

Muscular dystrophy, 1544, 1544t, 1545b
Musculoskeletal disorders, 1539-1560

diagnosis of, 1499-1503, 1501t-1503t
genetic factors in, 1496b
joint surgery for, 1534-1536
obesity and, 911

Musculoskeletal system, 1489-1504
assessment of, 1494-1499

abnormal findings in, 1500t
for assistive devices, 1498-1499
circumferential muscle mass in, 1498
focused, 1499, 1499b
functional health patterns in, 1495-1497, 

1495t
health history in, 1494-1495, 1495t
limb length in, 1498
muscle strength in, 1498, 1498t
normal findings in, 1499t
physical examination in, 1497-1499
range of motion in, 1497-1498, 1497f

case study of, 1494-1499, 1497b, 1499b, 1503b
in older adults, 1493-1494, 1494t
structures and functions of, 1489-1493

Musculoskeletal trauma, 1505-1538
complications of, 1521t
in older adults, 1506t
RICE therapy for, 177
soft tissue injuries, 1506-1507
surgery for, 1518-1520

Music therapy, 95, 337b
Muslims, dietary practices of, 889-890
Mutations, 191t, 192-193

in cancer, 249-250
Myalgia, 1500t
Myambutol (ethambutol), for tuberculosis, 

531-532, 531t-532t
Myasthenia gravis, 1437-1438, 1438f
Myasthenic crisis, 1438

vs. cholinergic crisis, 1438-1439, 1439t
Mycobacterial infections. See also Tuberculosis.

atypical, 533
Mycobacterium avium complex infection, 533
Mycobacterium tuberculosis, 528
Mycobutin (rifabutin), for tuberculosis, 531-532, 

531t-532t
Mycophenolate mofetil (CellCept, Myfortic), for 

transplant immunosuppression, 222t, 223
Mycosis, 227-228
Mydriatics, 393-395
Myelin sheath, 1336, 1336f

in multiple sclerosis, 1428, 1428f
Myelodysplastic syndrome, 663
Myelogram, 1352t-1353t, 1501t-1503t
Myeloma, 673-674

case study of, 680b
Myelosuppression, in cancer, 265, 266t-267t
Myfortic (mycophenolate mofetil), for transplant 

immunosuppression, 222t, 223

Myocardial ablation, percutaneous transluminal, 
829

Myocardial infarction, 747-749
activity and exercise after, 759b, 760-761
acute coronary syndrome and, 746-753. See also 

Acute coronary syndrome.
clinical manifestations of, 747-748
collaborative care for, 750-753
complications of, 748-749
diagnosis of, 749-750
Dressler syndrome after, 749, 815
drug therapy for, 743f, 744t, 751, 751t, 753
ECG changes in, 806-807, 806f-807f, 806t
healing process in, 748
location of, 747
non–ST-segment-elevation, in acute coronary 

syndrome, 746-753, 747f
pain in, location of, 741, 741f
pathophysiology of, 747, 747f
patient teaching for, 759-760, 761t-762t
rehabilitation after, 757t, 758-762
severity of, 747
sexual activity after, 761-762, 762t, 1226
ST-segment-elevation, in acute coronary 

syndrome, 746-753, 747f
sudden cardiac death in, 762
vs. aortic dissection, 846

Myocardial ischemia, 740-741
silent, 742

Myocarditis, 817-818
in cancer, 266t-267t, 270

Myocardium, 687
blood supply of, 687, 688f

Myoclonic seizures, 1421
Myoclonus, in dying patients, 150t-151t
Myofascial pain syndrome, 1590
Myofibrils, 1492
Myoglobin, in cardiac assessment, 698, 699t-703t
Myometrium, 1220
Myoneural junction, 1493, 1493f
Myopia, 369, 387-388
Myotomes, 1340
MyPlate nutritional guidelines, 887-889, 887f, 887t

for diabetics, 1167
Myringoplasty, 404-405
Myringotomy, 404
Myxedema, 1146t-1147t, 1202, 1202f
Myxedema coma, 1202

N
Nabilone (Cesamet), 165
Nadroparin (Fraxiparine), for venous 

thromboembolism, 851t, 852
Nafarelin (Synarel), for endometriosis, 1290
Nails

age-related changes in, 417, 417t
assessment of, 417-423. See also Integumentary 

system, assessment of.
in dark-skinned patients, 415-416, 416f
fungal infections of, 435, 435f, 436t
splinter hemorrhages in, 696t

in infective endocarditis, 812
structure of, 415-416, 416f

Naloxone (Narcan), 126-127
Namenda (Memantine), for Alzheimer’s disease, 

1452
NANDA classification, 7-8, 8f, 8t, 11. See also 

Nursing diagnoses.
Naproxen (Aleve), 123t
Narcan (naloxone), 126-127
Narcolepsy, 100, 106-107, 107t
Narcotics. See Opioids.
Nasal bleeding, 498
Nasal cannula, 590t-591t
Nasal disorders, 497-498
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Nasal foreign bodies, 506
Nasal fractures, 497-498
Nasal intubation, endotracheal, 1613-1614. See 

also Endotracheal intubation.
Nasal packing, 498-499
Nasal polyps, 506
Nasal saline, for sinusitis, 505
Nasal septum, deviated, 497
Nasal structure and function, 475-476
Nasal surgery, 498
Nasal turbinates, 475-476
Nasalcrom (cromolyn), for hypersensitivity 

reactions, 215
Nasogastric intubation

for acute abdominal pain, 971
for enteral nutrition, 361t, 897-898, 898f. See 

also Enteral nutrition.
for gastric outlet obstruction, 947-949
oral care in, 984
postoperative, 950-951

for diagnostic laparoscopy, 970-971
Nasointestinal intubation, 897-898, 898f. See also 

Enteral nutrition.
Nasopharynx, 867
Natalizumab (Tysabri)

for inflammatory bowel disease, 979, 979t
for multiple sclerosis, 1430, 1430t

Nateglinide (Starlix), for diabetes mellitus, 1163, 
1164t

National Asthma Education and Prevention 
Program (NAEPP), 567

National Center for Complementary and 
Alternative Medicine (NCCAM), 80

therapy classification of, 80-85
National Institute for Occupational Safety and 

Health (NIOSH), 535
National Patient Safety Foundation, Ask Me 3 

program of, 52
National Patient Safety Goals, 13, 14t, 334, 338
National Standards for Culturally and 

Linguistically Appropriate Services in 
Health Care, 31-32

Native Americans. See also Race/ethnicity.
coronary artery disease in, 732-733, 732b

Natriuretic peptides
in blood pressure regulation, 711
in cardiac assessment, 698, 699t-703t
in fluid and electrolyte balance, 290
in heart failure, 768

Natural death acts, 146
Natural killer cells, 205-206, 205f, 616

in cancer, 253
Natural products, 80t-81t, 81-82. See also 

Complementary and alternative therapies.
Naturopathy, 81t
Nausea and vomiting, 878t, 924-926

bloody vomitus in, 483, 620, 878t, 954t
in bulimia nervosa, 903
in cancer, 266t-267t, 268
complementary and alternative therapies for, 

926, 927b
drug therapy for, 925-926, 926t. See also 

Antiemetics.
in dying patients, 150t-151t
in gallbladder disease, 1040
hematemesis and, 483, 620, 878t, 954t
in increased ICP, 1360-1361
in intestinal obstruction, 983, 983t
Mallory-Weiss tears and, 925, 954
in myocardial infarction, 748
nutritional therapy for, 926
in older adults, 928
opioid-induced, 126

postoperative, 359
projectile, 925

Near drowning, 1686
Nearsightedness, 369, 387-388
Nebulizers, 574-575, 591-592
Neck. See also Cervical spine.

exercises for, 1551t
stiff, in bacterial meningitis, 1382

Neck dissection
modified, 513
radical, 513, 513f, 516

Neck pain, 1550-1551, 1554f
Necrobiosis lipoidica diabeticorum, 1184, 1184f
Needles, for insulin syringes, 1161
Needle-sticks, HIV infection from, 232
Negative feedback, in endocrine system, 1137, 

1223, 1223t
Negative inotropes, 1604
Negative pressure ventilation, 1618, 1618f
Negative pressure wound therapy, 181-182, 183f
Neglect syndrome, 1407, 1407f
Neobladder, orthotopic, 1097-1098
Neonate

herpes simplex virus infection in, 1268
HIV infection in, 232, 241

Neoral (cyclosporine), for transplant 
immunosuppression, 222-223, 222t

Neo-Synephrine (phenylephrine), for shock, 1643t
Nephrectomy, 1095

laparoscopic, 1095
partial, 1084
postoperative management in, 1095
preoperative management in, 1095
radical, 1084
in transplantation, 1126

Nephritis
chronic hereditary, 1083
lupus, 1582-1583

Nephrogenic diabetes insipidus, 1194-1195, 
1194t

Nephrogenic systemic fibrosis, 1105
Nephrolithiasis, 1076. See also Urinary tract 

calculi.
Nephrolithotomy, 1079-1080

percutaneous, 1079
Nephron, 1047
Nephropathy, diabetic, 1182
Nephrosclerosis, 1082

hypertension and, 714, 1082
Nephrostogram, 1056t-1061t
Nephrostomy tubes, 1094, 1096f, 1096t
Nephrotic syndrome, 1075, 1075t
Nephrotoxins

contrast media, 1105
drugs, 1052, 1052t, 1107

in chemotherapy, 266t-267t
Nerve(s)

cranial, 1340, 1341f, 1341t
regeneration of, 1336
spinal, 1340, 1340f

Nerve blocks, 131, 342-345
administration of, 344-345
epidural, 130-131, 130f
for trigeminal neuralgia, 1465

Nerve conduction studies, 1351, 1352t-1353t
Nerve impulse, 1336-1337
Nerve-sparing prostatectomy, 1318
Nervous system, 1335-1355

assessment of, 1343-1349
abnormal findings in, 1343-1349, 1350t
case study of, 1335, 1344b
focused, 1349, 1351b

functional health patterns in, 1343, 1345t
health history in, 1343, 1345t
in increased ICP, 1365-1366
normal findings in, 1349t
physical examination in, 1346-1349. See also 

Neurologic examination.
autonomic, 1340-1342

in cardiac regulation, 787-788
in cardiovascular regulation, 690
in gastrointestinal regulation, 866

cells of, 1336
central, 1336. See also Brain; Spinal cord.
enteric (intrinsic), 866
immune system and, 91-92, 91f
in older adults, 1343-1354, 1344t
parasympathetic, 1340-1342
peripheral, 1336, 1340-1342
in stress response, 89f, 90
structures and functions of, 1336-1343, 

1336f
sympathetic

in blood pressure regulation, 710-711, 710f, 
713

in stress response, 90, 90f-91f
Nesina (alogliptin), for diabetes mellitus, 

1163-1165, 1164t
Nesiritide, for heart failure, 774
Neuralgia, postherpetic, 119
Neurectomy, 131, 132f
Neuroablation, 131, 132f
Neuroaugmentation, for pain, 131
Neurofibrillary tangles, 1446, 1446f-1447f
Neurogenic bladder, 1350t, 1480

in diabetes mellitus, 1183
in spinal cord injury, 1478-1481,  

1480t-1481t
Neurogenic bowel, 1472

in spinal cord injury, 1481-1482, 1481t
Neurogenic shock, 1470, 1632t, 1634-1636. See 

also Shock.
clinical manifestations of, 1634-1636, 1635t
collaborative care for, 1645t, 1646
etiology of, 1632t
pathophysiology of, 1634
vs. spinal shock, 1636

Neurohypophysis, 1136t, 1137-1138, 1138f
Neurologic disorders

in acute kidney injury, 1104
chronic, 1413-1442
degenerative, 1428-1431
diagnosis of, 1349-1354
genetic factors in, 1344b
postoperative, 357

Neurologic examination
abnormal findings in, 1350t
in Alzheimer’s disease, 1451, 1451f, 1451t
cranial nerves in, 1346-1348
Glasgow Coma Scale in, 1365, 1365t
in increased ICP, 1365-1366
in mechanical ventilation, 1624, 1624f
mental status examination in, 1346, 1349t

in Alzheimer’s disease, 1451, 1451f, 1451t
motor, 1348, 1366
normal findings in, 1349t
reflexes in, 1348
sensory, 1348
in shock, 1647
after spinal surgery, 1550
in unconscious patient, 1366

Neuroma
acoustic, 406
Morton’s (plantar), 1552t

Nausea and vomiting (Continued) Nervous system (Continued)
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Neuromuscular blocking agents
in general anesthesia, 344t
for increased ICP, 1367

Neuromuscular junction, 1493, 1493f
Neurons, 1336, 1336f
Neuropathic arthropathy, 1184
Neuropathic pain, 118t, 119
Neuropathy

diabetic, 1182-1183
peripheral, 119

in cancer, 266t-267t
in chronic kidney disease, 1110
in cirrhosis, 1019
in peripheral artery disease, 835

Neuropeptide Y, in weight regulation, 909,  
909f

Neuroplasticity, in pain, 117
Neurosyphilis, 1264, 1468-1469
Neurotoxicity, of chemotherapy,  

266t-267t
Neurotransmitters, 1337, 1337t

in pain, 117
Neurovascular assessment, for musculoskeletal 

trauma, 1517-1518
Neutropenia, 626, 660-662, 661b

in cancer, 265, 266t-267t
Neutrophils, 173, 173f, 614f, 616
Nevus, 422t, 439t

atypical/dysplastic, 432t, 433f, 434-435
case study of, 447b

spider, 615-616
Nevus of Ota, 423, 424f
Newborn

herpes simplex virus infection in, 1268
HIV infection in, 232, 241

Niacin (Niaspan, Nicobid), 739b, 739t
Nicotine, 155-156. See also Smoking.
Nicotine replacement products, 158, 158t
Night terrors, 110
Nightmares, 110
NIH Stroke Scale, 1365, 1400, 1401t
Nilutamide (Nilandron), for prostate cancer, 

1319t, 1320
Nimodipine (Nimotop), for hemorrhagic stroke, 

1400, 1400b
Niox Mino, 567
Nipple

abnormalities of, 1231t
discharge from, 1231t, 1233t-1235t, 1242

in breast cancer, 1245
inverted, 1231t
in Paget’s disease, 1245
reconstruction of, 1256f, 1257

Nissen fundoplication, 935, 935f
Nitrates

for angina, 742-743, 744t
for heart failure, 774, 774b, 774t, 777

Nitric oxide
fractional exhaled, in asthma, 567
in heart failure, 768-769
indications for, 1622

Nitrofurantoin (Furadantin, Macrodantin), 1067, 
1067b

Nitroglycerin
for angina, 743, 744t, 745, 745b, 753
for aortic stenosis, 823
for shock, 1643t

Nitrous oxide, 343t
Nociception, 116-118, 116f
Nociceptive pain, 116, 118t, 119
Nocturia, 1054, 1056t

in heart failure, 771
Nocturnal angina, 742
Nodes of Ranvier, 1336f, 1337
Nodular goiters, 1195

Nodules
rheumatoid, 1571
subcutaneous, in rheumatic fever, 819-820
thyroid, 1204

Noise, in critical care units, 1601
Nolvadex (tamoxifen), for breast cancer, 1251, 

1251t
Nomenclatures, 7
Nonalcoholic fatty liver disease, 1016-1017
Nonalcoholic steatohepatitis, 1016-1017
Noncontrast spiral computed tomography, of 

urinary calculi, 1078
Nongonococcal urethritis, 1266-1267
Non-Hodgkin’s lymphoma, 669t, 671-672, 

671f-672f
leukemia and, 665

Non–rapid eye movement (NREM) sleep, 101
Nonsteroidal antiinflammatory drugs (NSAIDs), 

123-124, 123t
asthma and, 562
for fever, 176-177, 176t
gastrointestinal toxicity of, 124

bleeding and, 956
gastritis and, 124, 941
ulcers and, 943, 945-946

for gout, 1578
for inflammation, 176-177, 176t
for osteoarthritis, 1565t-1567t, 1567-1568
for rheumatoid arthritis, 1573
toxicity of, 1689t

Nonverbal communication, 27-28, 50
Norepinephrine (noradrenaline), 1136t, 1140, 

1337t
Norepinephrine (Levophed), for shock, 1643t
Normal pressure hydrocephalus, 1458
Normal sinus rhythm, 789f-791f, 790, 794t
Normodyne (labetalol), 727b
Norovirus infection, 962-963, 962t, 975
Nortriptyline (Aventyl), for smoking cessation, 

158, 158t
Nose. See under Nasal.
Nosebleed, 498
Nosocomial infections, 230, 230t

urinary tract, 1066, 1068
Novantrone (mitoxantrone), for multiple sclerosis, 

1430
NovoTTF-100A System, 1377-1378
Nplate (romiplostim), for immune 

thrombocytopenic purpura, 653
NPO status

preoperative, 325
preprocedure, 1055-1061

NREM sleep, 101
NSAIDs. See Nonsteroidal antiinflammatory drugs 

(NSAIDs).
N-terminal pro-brain natriuretic peptide 

(NT-pro-BNP), 698, 699t-703t
Nuchal rigidity, 1382
Nuclear imaging

abdominal, 879t-882t
in cardiac assessment, 699t-703t, 705-706

Nuclear weapons, 1691
Nucleic acid amplification test, 1232-1236
Nucleoside analogs, for hepatitis C, 1012
Nucleotide analogs, for hepatitis C, 1012
Nucleotides, 192, 192f
Nucynta (tapentadol), 125t, 126
Nulliparous female, 1220
Nulojix (belatacept), for transplant 

immunosuppression, 222t, 223
Nuprin (ibuprofen), 123t
Nurse(s)

advanced practice, 3
in genetics, 3

certified operating room, 335

circulating, 334-335
delegation by. See Delegation.
genetic clinical, 200
HIV infection in, 230, 230t, 232, 241
latex allergy in, 216-217, 216t, 321, 346
licensed practical/vocational, 15-16
perioperative, 334
personal protective equipment for, 230t, 338, 

338f
scrub, 334-335
shift work sleep disorder in, 110-111

Nurse anesthetists, 336
Nursing

definitions of, 613-619
gerontologic, 71. See also Older adults.
holistic, 80. See also Complementary and 

alternative therapies.
primary, 5-6
team, 5, 15-16
transcultural, 24
view of humanity, 3

Nursing assessment. See Assessment.
Nursing care

client-centered, 5-9
continuum of, 6
delivery of, 5-6

Nursing care plan(s), 8-9, 9b
for acute coronary syndrome, 755b-756b
for alcohol withdrawal, 161b
for anemia, 635b-636b
for asthma, 576b
for COPD, 598b
for fever, 176
for heart failure, 780b-781b
for neutropenia, 664
for pneumonia, 528
for thrombocytopenia, 664
for tracheostomy, 511

Nursing diagnoses, 6-7, 45, 1699-1700
NANDA classification and, 7-8, 8f, 8t

Nursing education, for doctorate of nursing 
practice, 3-4

Nursing history, 37-41. See also History.
Nursing informatics, 10

cancer symptom management, 248b
chest drainage system, 547-549
computer monitoring of antibiotic safety, 1107b
computer-based timing for antibiotic 

administration, 327b
discharge teaching, 363b
Internet and mobile devices in HIV 

management, 241b
Internet searching, 663b
Internet use by older adults, 66b
phone applications in multiple sclerosis, 1432b
smart infusion pumps, 1600b
social networking in Huntington’s disease, 

1440b
staying connected while immobilized, 1520b
texting for COPD patients, 597b
video games for stroke recovery, 1408b
wireless ECG monitoring, 790b

Nursing Interventions Classification (NIC), 7-8, 
8f, 8t, 11

Nursing Outcomes Classification (NOC), 2-3, 7-8, 
8f, 8t, 11

Nursing practice, 2-4
doctorate of, 3-4
domain of, 2-3
influences on, 4-5

consumerism, 4
diverse populations, 4
expanding knowledge and technology, 4
health care financing, 4-5

Nurse(s) (Continued)
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scope of, 3-4, 800b
standards of care in, 800b

Nursing process, 6-7, 6f
Nursing terminology, 7-8, 7t

electronic health records and, 10-11
Nutrition. See also Diet; Food(s).

cultural factors in, 29, 889-893
definition of, 886
erythropoiesis and, 637t
inadequate. See Malnutrition.
MyPlate approach to, 887-889, 887f, 887t
normal, 887-889
in older adults, 67, 67t, 871
postoperative, 360
preoperative, 322-323
skin and, 430
wound healing and, 176t, 181t, 183-184

Nutrition Facts labels, 887, 888f
Nutritional assessment, 893-894, 893t

anthropometric measurements in, 893-895
body mass index in, 894
components of, 894t
height measurement in, 894
in older adults, 67, 67t, 894
in screening, 893-894
weight measurement in, 894-895

Nutritional problems, 886-905
Nutritional screening, 893-894
Nutritional therapy, 896-900

for acute coronary syndrome, 753
for acute kidney injury, 1106
for acute pancreatitis, 1032
algorithm for, 897f
for Alzheimer’s disease, 1455
for ARDS, 1670-1671
for burn patients, 463-464, 463b, 467-468
for cancer, 276-277, 276t
for celiac disease, 998, 998t
for chronic kidney disease, 1114-1115, 1114t
for cirrhosis, 1023-1024
for constipation, 967-968, 968t
for COPD, 595-596, 596t
for coronary artery disease, 737, 737t, 738f
in critical care, 1600
for diabetes mellitus, 1165-1167, 1166t

patient teaching for, 1167
for diverticular disease, 995
for dm, patient teaching for, 1167
enteral nutrition in, 897-900. See also Enteral 

nutrition.
for epilepsy, 1424
for esophageal cancer, 938
for fractures, 1517
for gallbladder disease, 1039
for GERD, 933
for gout, 1578
for head and neck cancer, 514, 930
for heart failure, 777-778, 778t
for hepatitis, 1013
high-calorie, high-protein foods for, 895t
in home care, 902
for hypertension, 715-716
for hyperthyroidism, 1199, 1199f
for increased ICP, 1365
for inflammatory bowel disease, 976, 980-981
for intermaxillary fixation, 1530
for irritable bowel syndrome, 972
for mechanical ventilation, 1625
for menopausal symptoms, 1285
for nausea and vomiting, 926-927
for obesity, 913-915, 914t
for older adults, 896

oral feeding in, 896-897
for osteoarthritis, 1564
parenteral nutrition in, 901-902. See also 

Parenteral nutrition.
for Parkinson’s disease, 1436
for peptic ulcers, 947
for peripheral artery disease, 837
for pneumonia, 527
for respiratory failure, 1664
for rheumatoid arthritis, 1573-1574
for shock, 1644
for short bowel syndrome, 999
for spinal cord injury, 1478
for urinary tract calculi, 1080, 1080t
for venous ulcers, 858

Nutritional-metabolic pattern, 39
Nystagmus, 379, 1350t

O
Obesity, 906-923

android, 907, 907f, 910, 921
bariatric surgery for, 916-918, 917t, 918f

in diabetes mellitus, 1169, 1170b
perioperative care in, 918-920

behavior modification for, 915
body mass index and, 894, 906-907, 907f,  

907t
body shape and, 907, 907f
cancer and, 911-912, 911f
case study of, 922b
in children, 908
as chronic disease, 913
classification of, 906-907, 907t
collaborative care for, 913t
cultural aspects of, 908b
in Cushing syndrome, 1208f, 1209
definition of, 906-907
diabetes mellitus and, 910-911, 911f
drug therapy for, 915-916
environmental factors in, 910, 910t
epidemiology of, 907-908
etiology of, 908
exercise for, 915
genetic aspects of, 908-910
GERD and, 931
gynoid, 907, 907f
health risks of, 910-912, 911f

cardiovascular, 735, 910, 911f
gastrointestinal, 911, 911f
hepatic, 911, 911f
musculoskeletal, 911, 911f
respiratory, 911, 911f

hormones and peptides in, 909-910, 909f, 909t
insulin resistance in, 910-911, 921, 921f, 921t, 

1156
lifestyle modifications for, 913-915, 921-922
metabolic syndrome and, 921, 921f, 921t, 1156

coronary artery disease and, 735
nursing management of, 912-920

assessment in, 912, 912t-913t
implementation in, 913-915
planning in, 912

in older adults, 920-921
pathophysiology of, 908-910, 909f, 909t
primary vs. secondary, 908
psychosocial factors in, 910, 912
regulatory mechanisms in, 909-910, 909f
severe, 906-907, 907t
skin problems in, 430
sleep problems in, 911
stroke and, 1390
support groups for, 915

surgery for
bariatric, 916-918, 917t, 918f
cosmetic, 917-918, 918f
perioperative care in, 918-920

waist circumference and, 907, 907t
waist-to-hip ratio and, 907

Objective data, 37, 41-42
Objective data, 37
Obstetric history, 1228
Obstipation, 966
Obstructive pulmonary disease. See Asthma; 

Bronchiectasis; Chronic obstructive 
pulmonary disease (COPD); Cystic fibrosis.

Obstructive shock, 1632t, 1637, 1638f. See also 
Shock.

clinical manifestations of, 1635t
collaborative care for, 1645t, 1646
etiology of, 1632t
pathophysiology of, 1638f

Obstructive sleep apnea, 107-108, 108b, 108f
obesity and, 911

Obstructive uropathies. See Urinary obstruction.
Occipital lobe, 1338-1339, 1338f, 1339t
Occupational Health and Safety Administration 

(OSHA) guidelines
for chemotherapy, 260
for infection prevention, 230t, 231
for occupational lung diseases, 535

Occupational lung diseases, 535
asthma, 562
COPD, 582
pneumoconioses, 535

Occupational therapy, for burns, 467
Octreotide (Sandostatin)

for acromegaly, 1191
for upper gastrointestinal bleeding, 955, 955t

Ocular decontamination, 1690
Oculomotor nerve, 1340, 1341f, 1341t

assessment of, 1347
Odynophagia, 878t, 938

in cancer, 266t-267t, 268
Off-pump coronary artery bypass grafting, 753
OKT3 (muromonab-CD3), for transplant 

immunosuppression, 222t
Older adults, 64-67

acute care for, 72-75, 72t
acute kidney injury in, 1107-1115
adult day care for, 70
age-related changes in, 65, 65t
amputation in, 1533-1534
anemia in, 634-636
antiseizure drugs for, 1424
arthritis in, 1576-1578
assistive devices for, 73
attitudes toward, 64-65
breast cancer in, 1255-1256
burns in, 469-470
cancer in, 280-281
cardiovascular system in, 691, 691t
care alternatives for, 69-70
care transitions for, 72
as caregivers, 68
cascade disease pattern in, 71
chronic illness in, 65, 97b. See also Chronic 

illness.
chronic kidney disease in, 1128-1129
cognitive impairment in, 66, 66t. See also 

Alzheimer’s disease; Dementia.
complementary and alternative therapies for, 85
coronary artery disease in, 732-733, 740
culturally competent care for, 67-71
demographics of, 64
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INDEXI-44

depression in, 74-75
diabetes mellitus in, 1186
emergency care for, 1682
endocrine system in, 1141-1152, 1141t
end-of-life care for, 71
environmental modifications for, 73-74
falls in, 1682
female, special concerns of, 65-66, 65b
fever in, 176
fluid and electrolyte balance in, 291, 293
foot disorders in, 1553
frail, 67
gastrointestinal system in, 871-885, 871t
GERD in, 937-938
gynecomastia in, 1242
hair in, 417, 417t
health disparities and, 22, 65-66
health promotion for, 72
hearing loss in, 379, 380t, 410-411
hematologic system in, 619, 619t
hip fractures in, 1527
HIV infection in, 244
home health care for, 70
homeless, 67
hypertension in, 725-726
hyperthyroidism in, 1198t
hypothyroidism in, 1202
immune system in, 208-209, 209t
infections in, 230-231
inflammatory bowel disease in, 965
intraoperative care for, 345
legal/ethical issues affecting, 70-71
liver disorders in, 1029-1030
living in rural areas, 66-67
long-term care for, 70
malnutrition in, 896-900

assessment for, 67, 67t, 894
Medicare and Medicaid for, 68-69
medications for, 73-74, 73t-74t, 74f
memory changes in

abnormal, 66. See also Alzheimer’s disease; 
Dementia.

normal age-related, 66, 1449t, 1460b
mistreatment of, 68, 69t
musculoskeletal system in, 1493-1494
nails in, 417, 417t
nausea and vomiting in, 928
nervous system in, 1343-1354, 1344t
nursing management of, 71-75

assessment in, 71
evaluation in, 75, 75t
implementation in, 71-75
planning in, 71

nutritional assessment in, 67, 67t, 894
obesity in, 920-921
old-old, 64, 67
orthostatic hypotension in, 691, 725
pain management for, 136
peptic ulcer disease in, 951-952
physical examination in, 42, 44t
postoperative care for, 363-364, 363b
preoperative care for, 329
red blood cells in, 634-636
rehabilitation for, 72-73
reproductive system in, 1225-1237, 1225t
respiratory failure in, 1664-1665
respiratory system in, 481, 481t
restraints for, 75
safety concerns for, 73
seizures in, 1424
self-neglect by, 68
skin changes in, 416-417, 417f, 417t
sleep problems in, 75, 109-110
social services for, 68

social support for, 67-68
spinal cord injury in, 1484
stroke in, 1410
substance abuse in, 167
trauma in, 1506t
unintentional weight loss in, 894
urinary system in, 1050-1062, 1051t
urinary tract infections in, 1066
visual problems in, 371, 371t, 372b, 374b, 389

cataracts, 395-401
glaucoma, 401-402
macular degeneration, 397-398
presbyopia, 369, 387-388

young-old, 64
Old-old adults, 64, 67
Olfactory nerve, 1340, 1341f, 1341t

assessment of, 1346
Oligodendrocytes, 1336
Oligomenorrhea, 1280-1281
Oliguria, 1056t, 1101

postoperative, 360
posttransplant, 1127

Omalizumab (Xolair), for asthma, 570t-571t, 572
Omega-3 fatty acids, 84t, 716b

for coronary artery disease, 737
Omentum, 866
Oncofetal antigens, 253
Oncogenes, 249-250
Oncologic emergencies, 277-279

cardiac tamponade, 278
carotid artery rupture, 278-279
hypercalcemia, 278
spinal cord compression, 277
superior vena cava syndrome in, 277, 277f
syndrome of inappropriate antidiuretic 

hormone secretion, 278
third space syndrome, 277
tumor lysis syndrome, 278

Oncotic pressure, 288-289
Onglyza (saxagliptin), for diabetes mellitus, 

1163-1165, 1164t
Onychomycosis, 435, 435f, 436t
Oocytes, 1220
Oophorectomy, prophylactic, 1244, 1254
Oophoritis, 1287-1288
Opana (oxymorphone), 124, 125t
Open fractures, 1511

infection of, 1522
tetanus prophylaxis for, 1517

Open-suction technique, 1616
Operating room

patient transport to, 328, 338
physical layout of, 333-334, 335f
preparation of, 337-338
safety procedures in, 339

Ophthalmoplegia, 1350t
Ophthalmoscopy, 375, 375t, 377f
Opioids. See also Analgesics.

abuse of, 134-135, 135t, 155t, 162-163, 
163t-164t. See also Substance abuse.

addiction to, 134-135, 135t
vs. pseudoaddiction, 134

agents to avoid, 126
equianalgesic dose of, 126t, 129
in general anesthesia, 344t
mechanism of action of, 124-126
naloxone reversal for, 126-127
overdose of, 124, 164, 164t
in patient-controlled analgesia, 131
physical dependence on, 134
rotation of, 134
routes of administration for, 125t, 129-131
side effects of, 126-127
tolerance to, 133-134, 135t

types of, 124, 125t
withdrawal and, 134, 134t, 163t, 164

Opportunistic diseases, 233
fungal, 533-534
in HIV infection, 233-235, 234f, 236t, 238, 242, 

243f
pneumonia, 524

Optic disc, 369f
in glaucoma, 399, 399f

Optic nerve, 369f, 1340, 1341f, 1341t
assessment of, 377, 377f, 1346-1347

Oral cancer, 929-930, 929b, 929t-930t. See also 
Head and neck cancer.

Oral care
in Alzheimer’s disease, 1455
in cancer, 266t-267t, 268-269
in endotracheal intubation, 1617
in intermaxillary fixation, 1530
in nasogastric intubation, 984
in shock, 1648

Oral cavity
examination of, 874-877
in older adults, 871, 871t
structures and functions of, 866f, 867

Oral contraceptives, 1226
breast cancer and, 1243
spotting and, 1281
stroke and, 1390

Oral dryness. See Dry mouth.
Oral glucose tolerance test

in acromegaly, 1190
in diabetes mellitus, 1147t-1151t

Oral hairy leukoplakia, HIV-related, 234, 235f
Oral herpes, 436t, 878t, 1268, 1268f
Oral inflammation/infections, 928t, 929-930
Oral mucositis, radiation therapy and, 516
Oral ulcers, 878t, 928t
Orchiectomy, 1320, 1325
Orchitis, 1324
Orencia (abatacept), for rheumatoid arthritis,  

1573
Orexin, 100
Organ transplantation. See Transplantation.
Orgasm

female, 1224-1225
male, 1224

Orlistat (Xenical), 916
Orogastric tubes, 897-898, 898f. See also Enteral 

nutrition.
Oropharyngeal cancer, 929-930, 929t-930t. See 

also Head and neck cancer.
Oropharyngeal candidiasis, 506-507, 878t

HIV-related, 234, 234f, 236t
Oropharynx, 867
Orthoclone (muromonab-CD3), for transplant 

immunosuppression, 222t
Orthopedic surgery, 1518-1520
Orthopnea, 1659
Orthostatic hypotension, 723

in older adults, 691, 725
Orthotopic bladder reconstruction, 1097-1098
Oseltamivir (Tamiflu), for influenza, 504
Osler’s nodes, 812
Osmitrol (mannitol), for increased ICP, 1364
Osmolality, 287-288

measurement of, 288
Osmolarity, 287-288
Osmosis, 287-288, 288f
Osmotic pressure, 287-288
Ossification, of fractures, 1513
Osteitis deformans, 1557
Osteoarthritis, 1562-1568

acute interventions for, 1568-1569
ambulatory and home care for, 1569
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clinical manifestations of, 1562-1563, 1563f
collaborative care in, 1564-1568, 1564t
complementary and alternative therapies for, 

1561, 1564, 1565b
cultural aspects of, 1569b
deformity in, 1563, 1563f
diagnosis of, 1563-1564
drug therapy for, 1564-1568, 1565t-1567t
energy conservation in, 1568t
etiology of, 1562, 1562t
exercise in, 1564
gender differences in, 1562, 1562b
health promotion for, 1568
heat and cold applications in, 1564
involved joints in, 1563, 1564f
joint protection in, 1568t
nursing management of, 1568-1574

assessment in, 1568
evaluation in, 1569
implementation in, 1568-1569
nursing diagnoses for, 1568
planning in, 1568

nutritional therapy for, 1564
in older adults, 1576-1578
pain management for, 1564-1568
pathophysiology of, 1562, 1563f
patient teaching for, 1568-1569, 1568t
prevention of, 1568, 1568b
rest and joint protection for, 1564
risk factors for, 1562
of spine

degenerative disc disease and, 1548
spinal stenosis and, 1569

stiffness in, 1563
surgery for, 1568
vs. rheumatoid arthritis, 1571t

Osteoblasts, 1490
Osteochondroma, 1542, 1543t
Osteoclasts, 1490
Osteocytes, 1490
Osteomalacia, 1553
Osteomyelitis, 1539-1541, 1540f, 1540t
Osteons, 1490, 1490f
Osteopenia, 1555

steroid-induced, 1576
Osteoporosis, 1553-1555, 1553f

bone mineral density tests for, 1501t-1503t, 
1553, 1555

clinical manifestations of, 1554, 1554f
collaborative care for, 1555-1557, 1555t
in cystic fibrosis, 603
drug therapy for, 1556-1557
etiology of, 1554
fractures in, 1554

risk assessment for, 1555
gender differences in, 1553, 1554b
kyphosis (dowager’s hump) in, 1500t, 1554, 

1554f
nursing management of, 1555-1557
nutritional therapy for, 1555, 1555t-1556t
pathophysiology of, 1553f
prevention of

bisphosphonates for, 1285, 1556, 1556b
calcium for, 1285, 1555, 1556t
estrogen for, 1556
exercise for, 1555-1556
vitamin D for, 1285, 1555

risk factors for, 1554, 1554t
screening for, 1501t-1503t, 1553
steroid-induced, 1214
T-scores in, 1555
Z-scores in, 1555

Osteosarcoma, 1542-1543, 1543f, 1543t
Osteotomy, 1534
Ostomy, 990-991, 990f

adaptation to, 994
colostomy, 990f-991f, 990t, 991-993. See also 

Colostomy.
delegation for, 994b
diet for, 992-993
ileostomy, 990f, 990t, 991, 993-994
irrigation of, 992-993
location and types of, 991
nursing management of, 991-995
patient teaching for, 992, 993t
pouching systems for, 992-993
sexual function after, 994
stomas for, 990f, 991, 992t

patient management of, 992-994, 993t
postoperative management of, 992
preoperative planning for, 991-992
types of, 990f-991f, 991

temporary vs. permanent, 991
types of, 990-991

Otitis externa, 403, 403t
Otitis media, 404, 404f, 404t
Otorrhea, in head injuries, 1369, 1374
Otosclerosis, 405, 405t
Otoscope, 373, 382f
Ototoxic drugs, 380-381, 408-409
Outpatient surgery, 318
Ovary, 1136t, 1220, 1220f

benign tumors of, 1291-1292
cancer of, 1292b, 1294-1296, 1295b, 1295t

BRCA genes and, 1254
chemotherapy effects on, 266t-267t,  

270-271
cysts of, 1291-1292, 1291f
in older adults, 1141t
radiation effects on, 266t-267t, 270-271

Overflow incontinence, 1088t, 1090-1091. See 
also Urinary incontinence.

Overlapping connective tissue disease, 1590
Overnutrition, 890. See also Obesity.
Overweight, 906-907, 907t. See also Obesity.
Ovulation, 1220, 1222-1224, 1223f

detection/prediction of, 1277
induction of, 1277, 1277t

Oximetry, 479-480, 480t, 491t-493t
Oxycodone (OxyContin), 124, 125t

abuse of, 162, 163t
Oxygen masks, 590t-591t
Oxygen saturation of hemoglobin, monitoring of, 

1609-1610
Oxygen therapy, 589-593

administration of, 589-591, 590t-591t
for ARDS, 1669
for cluster headache, 1417-1418
complications of, 592

absorption atelectasis, 592
carbon dioxide narcosis, 592
combustion, 592
infection, 592
toxicity, 592

for COPD, 589-593, 590t-591t
delegation in, 592b
in emergency care, 1677
in home care, 592-593, 593f, 593t
humidification in, 591-592
hyperbaric

for osteomyelitis, 1541b
for wound healing, 182-183

indications for, 589
nebulization in, 591-592
patient teaching for, 593t

pulse oximetry in, 1609
for respiratory failure, 1655-1656, 1661
for ventilation-perfusion mismatch,  

1655-1656
Oxygen toxicity, 592
Oxygenation failure, 1655
Oxyhemoglobin, 615
Oxymorphone (Opana), 124, 125t
Oxypurinol, for gout, 1578
Oxytocin, 1136t, 1139

P
P wave, 791t
Pacemakers (electronic), 803-805

in biventricular pacing, 775, 775f, 776b,  
804

in cardiac resynchronization therapy, 775, 775f, 
776b, 804

in epicardial pacing, 804
for heart failure, 775, 775f, 776b
insertion of, 805
monitoring of, 805
patient teaching for, 805, 806t
permanent, 804, 804f, 804t
temporary, 804-805, 804f-805f, 804t
transcutaneous, 804-805, 805f
transvenous, 804, 805f

Pacemakers (physiologic), 790-792, 792t
Packed red cells, 309
Packing, nasal, 498-499
Paget’s disease of bone, 1557
Paget’s disease of breast, 1245
Pain, 114-139

abdominal
acute, 969, 969t, 970f, 991f
chronic, 971-973
rebound tenderness and, 876, 878t

acute, 119-120, 119t
in acute pancreatitis, 1030-1031, 1033
in aortic dissection, 846
in appendicitis, 974
assessment of, 120-122, 120t

in cancer, 279t
in nonverbal patients, 136, 136t
in older adults, 136

associated symptoms in, 121
back. See Back pain.
biopsychosocial model of, 115, 115t
bladder, 1071-1072
breakthrough, 121
breast, 1240
in cancer, 279, 279t

esophageal, 937-938
pancreatic, 1035

case study of, 137b
central, 117, 119
chest

in acute pericarditis, 815
anginal, 740-747. See also Angina.
in aortic stenosis, 823
causes of, 750t
emergency management of, 750t
in GERD, 932
in heart failure, 771
in mitral valve prolapse, 822
in myocardial infarction, 747-748

chronic, 117, 119-120, 119t
in chronic pancreatitis, 1034
chronic pelvic

in men, 1322
in women, 1289

classification of, 118-120, 118t-119t
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in cluster headache, 1414f, 1416
in complex regional pain syndrome, 119
deafferentation, 119
deep, 118t, 119
definitions of, 115-118
in diabetic neuropathy, 1182-1183
dimensions of, 115-118, 115t
documentation of, 122
in dying patients, 148-149, 150t-151t
in ectopic pregnancy, 1282-1283
in eye, 376t
in fibromyalgia, 1591-1592, 1591f
fracture, 1517
in gallbladder disease, 1037
gender differences in, 115b
in gout, 1577
in Guillain-Barré syndrome, 1467
heel, 1552t
incident, 121
in inflammatory bowel disease, 977
intensity of, 121, 121f
during intercourse, 1228
in intermittent claudication, 835
in interstitial cystitis, 1072
in intestinal obstruction, 983, 983t
location of, 121
magnitude of problem, 114-115
mechanisms of, 116-118, 116f
menstrual, 1280

in endometriosis, 1289
in migraine, 1414f, 1415
modulation of, 116f, 118
muscle, 1500t
in musculoskeletal trauma, 1521t
myofascial, 1590
neck, 1550-1551, 1550t
neuropathic, 118t, 119
nociceptive, 116, 118t, 119
in older adults, 136
onset and duration of, 120-121
in osteoarthritis, 1562-1568
in Paget’s disease of bone, 1557
patient’s attitudes about, 122
patterns of, 120-121
in pelvic inflammatory disease, 1287-1288
in peptic ulcer disease, 944-945
perception of, 116f, 118

assessment of, 1348
in peripheral artery disease, 834-835
peripheral sensitization in, 116
in peritonitis, 974
persistent, 117, 119-120, 119t
phantom limb, 1532
postmastectomy, 1249
postoperative, 357-358
prevalence of, 114
in prostatitis, 1322
quality of, 121
quality of life and, 122
radicular, 1545, 1548
referred, 117, 118f, 121, 1545

after cholecystectomy, 1040
in reproductive disorders, 1232t
in restless legs syndrome, 1427
in rheumatoid arthritis, 1570-1571
in sickle cell disease, 645-647
societal impact of, 114-115
somatic, 118t, 119
in spinal stenosis, 1547
suffering and, 115
superficial, 118t, 119
sympathetically maintained, 119
in tension-type headache, 1414, 1414f
transduction in, 116-117, 116f

transmission of, 116f, 117-118
dorsal horn processing in, 117
to spinal cord, 117
to thalamus and cortex, 117-118

in trigeminal neuralgia, 1464-1465, 1464f-1465f, 
1464t-1465t

unrelieved, harmful effects of, 114-115, 115t, 
117

from urinary calculi, 1077-1078
on urination, 1056t
in venous disease, 835t
visceral, 118t, 119
in Willis-Ekbom disease, 1427

Pain management, 121-133. See also 
Analgesics.

acupuncture in, 132
for acute coronary syndrome, 753
barriers to, 133-135, 135t
in burns, 462, 463t, 467
in cancer, 279
case study of, 137b
cognitive therapy in, 132t, 133
cold therapy in, 133, 133t
communication in, 133
in critical care, 1600-1601
delegation in, 134b
distraction in, 133
drug therapy in, 123-131. See also Analgesics.
in emergency care, 1678
end-of-dose failure in, 121
in end-of-life care, 135-136, 148-149,  

150t-151t
ethical issues in, 135-136
exercise in, 132
guidelines for, 135
heat therapy in, 132-133, 133t
hypnosis in, 133
legal/ethical issues in, 647b
massage in, 132
nerve blocks in, 131
neuroablation in, 131, 132f
nondrug strategies in, 132-133, 132t
for nonverbal patients, 136, 136t
nursing management in, 133-135
for older adults, 136
patient teaching in, 133t-134t
patient-controlled analgesia in, 131, 358
placebos in, 136
postoperative, 358
principles of, 122
provider education about, 135
relaxation strategies in, 133
in sickle cell disease, 646
spinal cord stimulation in, 131
for substance abusers, 137
TENS in, 132, 132f

Pain scales, 121, 121f
Pain Thermometer Scale, 121, 121f
Painful bladder syndrome, 1071-1072
Palifermin (Kepivance), 269
Palliative care, 140-141

in cancer, 257-258
definition of, 140
end-of-life care and, 140-141, 141f. See also 

End-of-life care.
goals of, 140, 140t
in heart failure, 783
hospice care and, 141-142

Pallor, in dark-skinned patients, 421t
Palmar drift test, 1366
Palmar erythema, in cirrhosis, 1018
Palmar-plantar erythrodysesthesia, in cancer, 

269-270
Palpation, 41, 42f

Pancreas, 1136t, 1140
in older adults, 871, 871t, 1141t
structures and functions of, 869f, 870

Pancreatic abscess, 1031
Pancreatic autodigestion, 1030, 1030f
Pancreatic cancer, 1035-1036, 1036f
Pancreatic disorders, 1030-1032

diagnosis of, 1147t-1151t
Pancreatic enzymes, 868t, 870

replacement, 1034-1035
Pancreatic insufficiency, in cystic fibrosis, 

602-605
Pancreatic islet cell antibody testing, for diabetes 

mellitus, 1158
Pancreatic islet cell transplantation, 1169-1170
Pancreatic polypeptide, 1136t, 1140
Pancreatic pseudocyst, 1031
Pancreatic transplantation, 1169-1170
Pancreatitis

acute, 1030-1032
chronic, 1034-1035

Pancytopenia, 625
Panel of reactive antibodies, 220
PaO2, 479, 480t
Pap test, 1233t-1235t, 1292-1293, 1294b
Papillary muscle dysfunction, postinfarction, 749
Papilledema, 1350t
Papilloma, intraductal, 1242
Papules, 420t
Paracentesis, 1022
Paradoxic breathing, 1659
Paralytic ileus, 982-983

after spinal surgery, 1550
Paralyzing agents, for mechanical ventilation, 1624
Paranasal sinuses

cancer of. See Head and neck cancer.
inflammation/infection of, 504-505, 506t
obstruction of, 506
structure of, 505f

Paraneoplastic syndrome, 536-537
Paraphimosis, 1323, 1324f
Paraplegia, 1350t, 1470
Parasitic infections, diarrhea in, 962t
Parasomnias, 99, 100t, 110
Parasympathetic nervous system, 1340-1342
Parathyroid disorders, 1205-1206

clinical manifestations of, 1205t
diagnosis of, 1147t-1151t, 1151

Parathyroid gland, 1136t
autotransplantation of, 1206
in older adults, 1141t
radioisotope scan of, 1147t-1151t

Parathyroid hormone, 1136t
in calcium regulation, 299
deficiency of, 1205t, 1206-1207
excess of, 1205-1206, 1205t
measurement of, 1147t-1151t, 1151
in phosphate regulation, 300

Parathyroidectomy, 1206
hypoparathyroidism after, 1207

Parenteral nutrition, 901-902. See also 
Nutritional therapy.

administration of, 902
central, 902
complications of, 902, 902t
in critical care, 1600
in home care, 902
indications for, 901t
nursing management of, 902-904
peripheral, 902
refeeding syndrome in, 902
solutions for, 901

calories in, 901
in central vs. peripheral PN, 902
composition of, 901
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electrolytes in, 902
protein in, 901-902
trace elements in, 902
vitamins in, 902

Paresthesias, 1350t, 1500t
in peripheral artery disease, 835

Parietal lobe, 1338-1339, 1338f, 1339t
Parkinsonism, 1432
Parkinson’s disease, 1432-1436

bradykinesia in, 1434
clinical manifestations of, 1433-1434
collaborative care for, 1434-1436, 1434t
complications of, 1434
diagnosis of, 1434
drug therapy for, 1434-1435, 1435t
etiology of, 1432-1433
genetic factors in, 1432-1433
nursing management of, 1436-1438, 1436t
nutritional therapy for, 1436
pathogenesis of, 1432-1433, 1433f
rigidity in, 1434
surgery for, 1435-1436
tremor in, 1433-1434

Parkland formula, 459-460, 460t
Parlodel (bromocriptine), for Parkinson’s disease, 

1435, 1435b
Parotitis, 928t
Paroxysmal nocturnal dyspnea, 693-694, 770
Paroxysmal supraventricular tachycardia, 794t, 

795, 795f
Partial gastrectomy, 949-950. See also Gastric 

surgery.
for peptic ulcers, 949-950. See also Peptic ulcer 

disease, surgery for.
Partially sighted patients, 388
Partial-thickness burns, 451f, 453, 454t
Partner notification, for sexually transmitted 

infections, 1272, 1273b
Pasero Opioid-Induced Sedation Scale, 127t
Passer-Muir speaking tracheostomy valve, 

511-512, 512f
Patch graft angioplasty, for peripheral artery 

disease, 837-839
Patch tests, 213, 424, 424f, 425t
Patellar dislocation, 1508
Patellar reflex, 1338, 1338f, 1349, 1349f
Pathologic fractures, 1512f

in osteoporosis, 1554-1555
in Paget’s disease, 1557

Patient and caregiver teaching, 47-60. See also 
specific disorders and procedures.

adult learning principles and, 48, 48t
assessment in, 52-54

of learner characteristics, 53t, 54, 55t
physical, 52, 53t
psychologic, 53, 53t
sociocultural, 53-54, 53t

caregiver support in, 50-52, 51t
case study of, 58b
challenges in, 50
changing behavior and, 48-49, 49t
communication skills in, 50
cultural considerations in, 53-54
discharge, 363b
documentation of, 58
DVDs/CDs for, 824b
empowerment approach in, 1173
evaluation in, 57-58, 58t
gaming in, 1174b
goal setting in, 55
health literacy and, 53
implementation in, 57

learning materials in, 55-57, 56t
learning needs in, 54, 55t
peer teaching in, 55
planning in, 54-57
preoperative, 323-325, 325t
process of, 52-58
regulatory mandates for, 52, 52t
required competencies in, 50
role of, 47-48
self-efficacy and, 49, 53
socioeconomic considerations in, 54
standardized teaching plans in, 55
subject matter knowledge in, 50
teachable moments in, 48
teacher-learning process in, 48-52
teaching strategies in, 55-57, 55t-56t
technology in, 57

Patient positioning
in acute lung injury/ARDS, 1622
for airway clearance, 594, 1662
in ARDS, 1670, 1670f
postoperative, 354-355, 354f
in respiratory failure, 1659, 1659f, 1662
in shock, 1647
for surgery, 339-340

Patient transport, to operating room, 328, 338
Patient-centered care, 5-9
Patient-controlled analgesia, 131, 358
Peak expiratory flow rate (PEFR), 495t

in asthma, 495t, 566, 566t, 579-580
Peak flow meters, 579, 579t
Peau d’orange skin, 1245
Pectoriloquy, 488t
Pediculosis, 437, 437t
Peek sign, 1438f
PEEP (positive end-expiratory pressure), 1620t, 

1621
for ARDS, 1669-1670

Peer teaching, 55
PEG tubes, 361t, 898, 898f. See also Enteral 

nutrition.
Pegylated interferon, 1012
Pelvic examination

internal, 1230
in sexual assault, 1303
in urinary incontinence, 1087

Pelvic exenteration, 1296t, 1299, 1299f
Pelvic floor muscle exercises. See Kegel 

exercises.
Pelvic fractures, 1524
Pelvic inflammatory disease (PID), 1236f, 

1287-1288, 1288t
Pelvic pain, chronic

in men, 1322
in women, 1289

Pelvis, female, structures and functions of,  
1221

Penicillamine (Cuprimine), for rheumatoid 
arthritis, 1565t-1567t, 1573

Penicillin-resistant streptococcal infections, 229, 
229t-230t

Penile implants, 1329
Penis, 1219f, 1220

cancer of, 1323
disorders of, 1232t, 1323
examination of, 1229

Pentazocine (Talwin), 124, 125t
Pentosan (Elmiron), for interstitial cystitis, 1072
Pentothal (thiopental), 343t
Pentoxifylline (Trental), for intermittent 

claudication, 836
Pepsin, 867-868

Peptic ulcer disease, 942-947
acute, 926
acute interventions for, 948-949
ambulatory and home care for, 949
bleeding from, 944, 948, 954. See also 

Gastrointestinal bleeding.
case study of, 959b
chronic, 926
clinical manifestations of, 944
collaborative care for, 945-947, 946t
complications of, 944-945

management of, 947
diagnosis of, 945, 945f
drug therapy for, 946-947
drug-related, 943
duodenal, 942, 943t, 944
etiology of, 942-944
exacerbations of, 947
gastric, 942, 943t, 944
gastric outlet obstruction and, 945, 947-949
H. pylori and, 943-944
in mechanical ventilation, 1624
nursing management of, 947-950, 948t
nutritional therapy for, 947
in older adults, 951-952
pathophysiology of, 942-944, 942f-944f
patient teaching for, 949t
perforation of, 944-945, 944f, 947-948
silent, 944
surgery for, 949-950

bile reflux gastritis after, 950
dumping syndrome after, 949-950, 950t
postoperative care in, 950-951
postprandial hypoglycemia after, 950
preoperative care in, 950

in Zollinger-Ellison syndrome, 944-945
Percocet. See Oxycodone (OxyContin).
Percodan. See Oxycodone (OxyContin).
Percussion, 41, 42f

of abdomen, 875-876, 875f
of chest, 486-487, 487f, 487t

for airway clearance, 594, 595f
of kidney, 1054-1055, 1055f

Percutaneous coronary intervention, 745-746, 
746f, 751

Percutaneous diskectomy, 1549
Percutaneous nephrolithotomy, 1079
Percutaneous radiofrequency rhizotomy, for 

trigeminal neuralgia, 1465
Percutaneous transhepatic cholangiography, 

879t-882t
Percutaneous transluminal balloon angioplasty, 

837
Percutaneous transluminal balloon valvuloplasty, 

824, 824f
Percutaneous transluminal myocardial ablation, 

829
Percutaneous ultrasonic lithotripsy, 1079
Perforomist (formoterol)

for asthma, 570t-571t, 572
for COPD, 589

Pericardial effusion, 815
Pericardial friction rub, 696t, 697, 815
Pericardial window, 817
Pericardiectomy, 817
Pericardiocentesis, 816-817, 817f
Pericarditis

acute, 814-817
in cancer, 266t-267t, 270
chronic constrictive, 817
after myocardial infarction, 749

Pericardium, 687
Perimenopause, 1283-1285, 1283t

Parenteral nutrition (Continued) Patient and caregiver teaching (Continued)
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Perimetrium, 1220
Perimysium, 1492, 1493f
Perineal burns, 462
Perineal hygiene, 1068
Periodic limb movement disorder, 109
Perioperative nurses, 334
Perioperative Nursing Data Set, 7, 340
Periosteum, 1490, 1490f
Peripheral arteriography, 696t
Peripheral artery disease, 833-837

amputation in, 1530
clinical manifestations of, 835t
collaborative care for, 836t
complementary and alternative therapies for, 

837
complications of, 835, 835t
critical limb ischemia in, 835, 837
diagnosis of, 699t-703t, 835
etiology of, 834
foot ulcers in, 1183-1184, 1183f
gender differences in, 836-837
hypertension and, 714, 836
interventional radiology catheter-based 

procedures for, 837
lifestyle modifications for, 835-837
nursing management of, 837-841, 838t
pathophysiology of, 834
risk factors for, 834-836
surgery for, 837, 839t
vs. venous disease, 835t

Peripheral edema, in cirrhosis, 1019-1021
Peripheral nervous system (PNS), 1336, 

1340-1342
Peripheral neurologic assessment, in 

musculoskeletal trauma, 1517
Peripheral neuropathy, 119

in cancer, 266t-267t
in chronic kidney disease, 1110
in cirrhosis, 1019
in peripheral artery disease, 835

Peripheral smear, 625
Peripheral stem cell transplantation, 274-276

for sickle cell disease, 647
Peripheral vascular assessment, in musculoskeletal 

trauma, 1517
Peripheral vascular disease. See Peripheral artery 

disease.
Peripheral vascular system. See also Vascular 

system.
assessment of, 694-695

Peripheral venography, 696t
Peripherally inserted catheters, 310, 310f, 

310t-311t. See also Central venous access 
devices.

Peristalsis
gastric, 867
intestinal, 869

Peritoneal dialysis, 1118-1120. See also Dialysis.
for acute kidney injury, 1106
automated, 1119, 1119f
catheter placement in, 1118, 1118f
complications of, 1119-1120, 1128t
continuous ambulatory, 1119
cycles in, 1118-1119
effectiveness of, 1120
solutions for, 1118-1119
vs. hemodialysis, 1117t

Peritoneoscopy, 879t-882t
in reproductive assessment, 1233t-1235t

Peritoneum, 866-867
Peritonitis, 974-975, 974t-975t

dialysis-related, 1119
in pelvic inflammatory disease, 1287-1288
perforated peptic ulcers and, 945
spontaneous bacterial, 1021

Peritonsillar abscess, 507
Pernicious anemia, 640, 640t

postgastrectomy, 951
PERRL/PERRLA mnemonic, 375, 1347
Personal hygiene. See Hygiene.
Personal protective equipment, 230t, 338, 338f
Personal space, 28
Perspiration, 291
Pertussis, 522
Pertuzumab (Perjeta), for breast cancer, 1251t, 

1252
Pes cavus, 1552t
Pes planus, 1500t, 1552t
Pessary, 1300
Petalling, of casts, 1515
PETCO2 monitoring, 479-480, 480t, 491t-493t

in endotracheal intubation, 1616
Petechiae, 421, 422t, 620, 624-625, 651

in dark-skinned patients, 421t
Pethidine, 126
Petrissage, 84
Peyronie’s disease, 1323
pH, 302-306

in blood gas analysis, 305-306
normal values for, 306t
of urine, 1062t

Phagocytosis, 616
Phalen’s sign, 1509
Phantom limb sensation, 1532
Pharmacogenetics, 198-199
Pharmacogenomics, 198-199
Pharyngeal cancer. See Head and neck cancer.
Pharyngitis, 506

peritonsillar abscess in, 507
streptococcal, rheumatic fever and, 818

Pharynx, 867
examination of, 874
structure and function of, 475-476

Phenothiazines, for nausea and vomiting, 926t
Phenotype, 191, 191t
Phentermine, 916
Phenylephrine (Neo-Synephrine), for shock,  

1643t
Pheochromocytoma, 1143, 1214-1215
Philadelphia chromosome, 665-668
Phimosis, 1323, 1323f
Phlebectomy, 856-857
Phlebitis, 847
Phlebostatic axis, 1604-1605, 1605b, 1605f
Phlebotomy, for polycythemia, 649
Phlegmasia cerulea dolens, 849
Phosphate

dietary, in chronic kidney disease, 1115
measurement of, 1147t-1151t

Phosphate balance, 300-301
disturbances of, 300-301

in chronic kidney disease, 1115
hyperphosphatemic, 300-301, 301t, 1115
hypophosphatemic, 301, 301t, 902
in refeeding syndrome, 902

regulation of, 300
Phosphate binders, for CKD-MDB, 1113
Phosphate buffer system, 303
Phosphorus

in bone disease, 1501t-1503t
functions of, 300
in urinary assessment, 1056t-1061t

Photodynamic therapy
for esophageal cancer, 938
for lung cancer, 539
for macular degeneration, 398
for skin disorders, 440

Photophobia, 376t
Photorefractive keratectomy, 387
Photosensitizing drugs, 429, 429f, 429t

Phototherapy, 440
Photovaporization of prostate, 1312
Physical activity. See Activity and exercise.
Physical dependence, 155t
Physical examination, 41-42

auscultation in, 41-42, 42f
equipment for, 42t
general survey in, 41
inspection in, 41
negative findings in, 41
in older adults, 44t
organization of, 42, 43t-44t
palpation in, 41, 42f
percussion in, 41, 42f
positive findings in, 41
recording of, 42

Physical therapy
for burns, 467
for stroke, 1408

Physiologic cup, 377
Physiologic dead space, 1638
Physiologic stress ulcers, 954
Pick’s disease, 1458
PICOT format, 12, 12t
Picrolimus, for atopic dermatitis, 442
Pilonidal cyst, 878t
Pilonidal sinus, 1002
Pin site care, 1520
Pineal gland, 1139
Pinkeye, 390
Pinna, 377-378, 379f
Pioglitazone (Actos), for diabetes mellitus, 1163, 

1164t
Pitressin. See Vasopressin (Pitressin).
Pituitary adenoma, 1375

Cushing syndrome and, 1207
Pituitary gland

anterior, 1136t, 1138, 1138f
disorders of, 1190-1191

diagnosis of, 1147t-1151t
in fluid and electrolyte balance, 289-291
hypothalamus and, 1137, 1138f
posterior, 1136t, 1138-1139, 1138f
surgical removal of, 1190-1191, 1191f

Pituitary hormones, 1136t
anterior, 1136t, 1138, 1138f
posterior, 1136t, 1138-1139, 1138f

Pivot joints, 1492f
Place, 21-22
Placebos, in pain management, 136
Plan-B One-Step (levonorgestrel), for rape victims, 

180t
Planning, in nursing process, 6-7, 6f
Plantar fasciitis, 1500t
Plantar neuroma, 1552t
Plantar warts, 435f, 436t, 1552t
Plaque(s)

amyloid, 1446-1447, 1446f-1447f
arterial, 731, 731f
cutaneous, 420t

Plaquenil. See Hydroxychloroquine (Plaquenil).
Plasma, 286, 286f, 614, 615f

fluid shifts and, 289
Plasma exchange. See Plasmapheresis.
Plasma expanders, 309, 346
Plasma osmolality, 1138-1139, 1139f
Plasmapheresis

for autoimmune diseases, 218
for Guillain-Barré syndrome, 1467
for myasthenia gravis, 1438
for thrombotic thrombocytopenic purpura,  

653
Platelet(s), 614f, 616

decreased, in thrombocytopenia, 650-653, 653t
Platelet count, 626, 627t
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Platelet transfusions
anti-HLA antibodies in, 677
for disseminated intravascular coagulation,  

659
for immune thrombocytopenic purpura, 653

Platelet-derived growth factor, for wound healing, 
183

Plavix. See Clopidogrel (Plavix).
Plerixafor (Mozobil), 275
Pletal (cilostazol), for intermittent claudication, 

836
Plethysmography, 1501t-1503t
Pleura, 478
Pleural drainage, 545-547, 545f, 546t. See also 

Chest tubes.
Pleural effusion, 478, 490t, 549-550

in heart failure, 771
Pleural friction rub, 488t, 1659
Pleurisy, 550
Pleurodesis, 550
Pneumatic retinopexy, 397
Pneumaturia, 1056t
Pneumococcus pneumonia, 525, 526t, 588
Pneumoconiosis, 535
Pneumocystis jiroveci pneumonia, 524

HIV-related, 236t, 242, 243f
Pneumomediastinum, in mechanical ventilation, 

1622-1623
Pneumonectomy, 548t. See also Chest surgery.
Pneumonia, 490t, 522-527

in Alzheimer’s disease, 1455
aspiration, 524

lung abscess in, 534
prevention of, 527-528

case study of, 557b
clinical manifestations of, 524-525
collaborative care in, 525-527, 525t
community-acquired, 523
complications of, 525
in COPD, 592
in cystic fibrosis, 603-604
cytomegalovirus, 524
diagnosis of, 525, 525t
drug therapy for, 526, 526t, 1663
etiology of, 522-523, 523t
fungal, 533-534, 534t
in influenza, 503
medical care–associated, 523-524
multidrug-resistant, 524
mycobacterial, 533
nursing care plan for, 528
nursing management of, 527-532

assessment in, 527t
evaluation in, 528
implementation in, 527-528
nursing diagnoses in, 527
planning in, 527

nutritional therapy for, 527
opportunistic, 524
P. jiroveci, 524

HIV-related, 236t, 242, 243f
pathophysiology of, 524, 524f
pneumococcus, 525, 526t, 588
prevention of, 527-528
risk factors for, 523t
severity assessment for, 523, 523t
ventilator-associated, 523, 1623

in ARDS, 1668
Pneumonia Severity Index, 523
Pneumonitis

in cancer, 266t-267t, 270
chemical, 535
hypersensitivity, 535

Pneumothorax, 542-543, 542t, 543f
central venous access devices and, 311t
chest tubes for, 544-547. See also Chest tubes.
flutter (Heimlich) valve for, 545, 545f
in mechanical ventilation, 1622

Pneumovax vaccine, 525, 526t, 588
Podagra, 1577
Podophyllin resin, for genital warts, 1269-1270
Poikilothermism, in spinal cord injury, 1473
Point of maximal impulse, 696t, 697
Poisoning, 1688-1690, 1689t
Polycystic kidney disease, 1082-1083, 1083b, 

1083f
Polycystic ovary syndrome, 1291-1292, 1291f
Polycythemia, 648-649
Polydipsia

in diabetes insipidus, 1194-1195
in diabetes mellitus, 1156-1157

Polymerase chain reaction, 192
Polymorphisms, 192
Polymyositis, 1589, 1589f
Polypectomy, 988
Polyphagia, in diabetes mellitus, 1156-1157
Polypharmacy, in older adults, 73
Polyps

cervical, 1291
colonic, 983f
intestinal, 985, 985f
laryngeal, 512
nasal, 506

Polysomnography, 103
in obstructive sleep apnea, 107-108, 108b, 108f

Polytetrafluoroethylene injection, for urinary 
incontinence, 1089

Polyuria, 1056t
in diabetes insipidus, 1194-1195
in diabetes mellitus, 1156-1157

Port, infusion, 304f, 310f, 311, 312f. See also 
Central venous access devices.

Portacaval shunt, 1023, 1023f
Portal circulation, 870
Portal hypertension, 1019, 1020t
Portion size, 910t, 914
Position sense, assessment of, 1348
Positioning. See Patient positioning.
Positive end-expiratory pressure (PEEP), 1620t, 

1621
for ARDS, 1669-1670

Positive feedback, in endocrine system, 1137, 
1137f, 1223, 1223t

Positive inotropes, 1604
for heart failure, 774-775, 774t, 777

Positive pressure ventilation (PPV), 1618-1619, 
1662-1663, 1663f

for ARDS, 1669
noninvasive, 1662-1663, 1663f

Positive reinforcement, 54
Positron emission tomography (PET)

cardiac, 699t-703t, 705-706
neurologic, 1352t-1353t
in respiratory assessment, 491t-493t

Postanesthesia care unit, 349-351. See also 
Postoperative care.

admission report in, 350-351, 350t
discharge from, 362, 362t
fast-tracking in, 349-350
initial assessment in, 350-351, 350t
phases of, 350t
rapid progression in, 349-350
for respiratory problems, 350t, 351-353, 351f
transfer to, 340

Postcoital test, for infertility, 1277
Postconcussion syndrome, 1370

Posterior chamber, 369, 369f
Posterior cord syndrome, 1472t
Posterior fourchette, 1221, 1221f
Postexposure prophylaxis, 241

for hepatitis, 1014-1015, 1014t
for HIV infection, 241
for rabies, 1688
for tetanus, 1468

Postherpetic neuralgia, 119
Post–Lyme disease syndrome, 1579
Postmenopause, 1283-1285, 1283t
Postmortem care, 149
Postoperative care, 349-366

for cardiovascular problems, 355-356
case study of, 364b
delegation in, 354b
drainage in, 361, 361t
for fever, 358-359, 359t
for gastrointestinal disorders, 359
for hypothermia, 358-359, 359t
for neurologic problems, 357
for older adults, 363-364, 363b
oral intake in, 360
pain management in, 357-358
patient positioning in, 354-355, 354f
in postanesthesia care unit, 349-351. See also 

Postanesthesia care unit.
for psychologic problems, 357
for urinary problems, 360
wound care in, 361

Postoperative cognitive dysfunction, 357
Postoperative ileus, 359
Postprandial hypoglycemia, postoperative, 950
Postprandial hypotension, 691
Postprandial sleepiness, 100
Poststreptococcal glomerulonephritis, 1073t, 1074
Post-thrombotic syndrome, 849, 849f
Postural drainage, 594, 1662
Posturography, 383t-384t
Postvoid residual, 1090-1091
Potassium

dietary
in chronic kidney disease, 1114t-1115t, 1115
sources of, 1115t

functions of, 296
in musculoskeletal disorders, 1501t-1503t
in urinary assessment, 1056t-1061t

Potassium balance
disturbances of, 296-297

in acute kidney injury, 1104-1106, 1105t
in burn patients, 464
in chronic kidney disease, 1105t, 1109, 1112, 

1115
in diabetic ketoacidosis, 1176, 1178-1179
hyperkalemic, 296-297, 296t
in hyperosmolar hyperglycemic syndrome, 

1178-1179
hypokalemic, 296t, 297-298
in mechanical ventilation, 1623
postoperative, 356

regulation of, 296
Potassium chloride, for hypokalemia, 298
Potassium hydroxide test, 425t
Powerlessness, in dying patients, 148
PPD test, 212
PQRST assessment, of angina, 741t
PR interval, 791t
Pradaxa (dabigatran), for venous 

thromboembolism, 851t, 852
Pramlintide (Symlin), for diabetes mellitus, 1164t, 

1165
Prandin (repaglinide), for diabetes mellitus, 1163, 

1164t
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Precautions, infection, 231, 338
Precedex. See Dexmedetomidine (Precedex).
Precose (acarbose), for diabetes mellitus, 1163, 

1164t
Prediabetes, 1156-1157
Prednisone, for asthma, 570t-571t
Preferred provider organizations (PPOs), 4-5
Pregnancy

abortion in, 1278-1279
induced, 1278-1279, 1278t
spontaneous, 1278

acute pyelonephritis in, 1070
assisted reproductive technologies for, 

1277-1278
ectopic, 1282-1283, 1282f-1283f

pelvic inflammatory disease and, 1288
gestational diabetes in, 1157
herpes simplex virus infection in, 1268
HIV infection in, 232, 241
in multiple sclerosis, 1429
ovulation prediction for, 1277
in spinal cord injury, 1483
systemic lupus erythematosus and, 1586

Pregnancy tests, 1231, 1233t-1235t
Prehypertension, 734
Prelief (calcium glycerophosphate), for interstitial 

cystitis, 1072
Preload, 689

monitoring of, 1603t, 1604
Premarin (estrogen), 1284-1285
Premature atrial contractions, 794-795, 794t, 

795f
Premature ventricular contractions, 794t, 799, 

799f
Premenstrual dysphoric disorder, 1279
Premenstrual syndrome, 1279-1280, 1279t
Prempro (estrogen-progesterone), 1284
Preoperative care, 317-332

allergies in, 321
anesthesia risk assessment in, 323, 323t
assessment in, 318-323
case study of, 330b
checklist for, 328t
complementary and alternative medicine and, 

320, 320b
cultural aspects of, 328-329
day-of-surgery, 327-328
in diabetes mellitus, 322
hope in, 320
laboratory/diagnostic tests in, 323, 325t
legal aspects of, 325-327
medication management in, 320-321, 327-328, 

329t
NPO status and, 325
nursing management in, 323-328
nutritional, 322-323
for older adults, 329
patient interview in, 318
patient teaching in, 323-325, 325t
patient transport in, 328
physical examination in, 323, 323t
psychosocial aspects of, 319-320, 319t
review of systems in, 321-323
substance abuse and, 320-321

Preoperative holding area, 334
Prepuce, disorders of, 1323
Presbycusis, 379, 380t, 410-411, 411t
Presbyopia, 369, 387-388
Pressair (aclidinium bromide), for asthma, 

570t-571t
Pressure garments, 468
Pressure support ventilation (PSV), 1621
Pressure ulcers, 184

acute interventions for, 186-188
ambulatory and home care for, 188

Braden Scale for, 186
clinical manifestations of, 184, 185t
etiology and pathophysiology of, 184
nursing management of, 185-188, 186t
patient teaching for, 187t, 188
photographs of, 186, 187b
risk factors for, 184, 184t
in spinal cord injury, 1472-1473, 1482
staging of, 185t

Pressure ventilation, 1619
Pressure-control inverse ratio ventilation, 1621
Prevention

primary, 63
secondary, 63
tertiary, 63

Priapism, 1323, 1483
in sickle cell disease, 645

Priftin (rifapentine), for tuberculosis, 531-532, 
531t-532t

Primary biliary cirrhosis, 1016
Primary hyperaldosteronism, 1214
Primary hypertension, 712, 712t
Primary nursing, 5-6
Primary prevention, 63
Primary sclerosing cholangitis, 1016
Primary survey, 1676-1678, 1676t-1677t
Prinzmetal’s angina, 742, 742t
Prion diseases, 228, 1458
Privacy, 10
Probalan (probenecid), for gout, 1578
Probenecid (Benemid, Probalan), for gout, 1578
Probiotics, 84t
Problem-focused coping, 92, 93t
Procrit (epoetin alfa), for CKD-MBD, 1113-1114
Proctocolectomy

with ileal pouch/anal anastomosis, 980, 980f
with permanent ileostomy, 980, 980f

ProDisc-L, 1549
Prodysrhythmias, 801
Professional nursing organizations, 5
Professional nursing practice, 2-18
Progesterone, 1136t, 1222

endogenous
breast cancer and, 1243, 1246, 1251
measurement of, 1233t-1235t
in menopause, 1283-1284
in menstrual cycle, 1223-1224, 1223f

exogenous, for menopausal symptoms, 
1284-1285

Prograf (tacrolimus), for transplant 
immunosuppression, 222-223, 222t

Progressive care units, 1599
Projectile vomiting, 925
Prokinetics

for GERD, 934, 934t
for nausea and vomiting, 926t

Prolactin, 1136t, 1138, 1222
measurement of, 1233t-1235t

Prolactinomas, 1192
Prolia (denosumab), for osteoporosis, 1557
Prolonged grief disorder, 144
Promacta (eltrombopag), for immune 

thrombocytopenic purpura, 653
Promethazine

injection of, 925b
for nausea and vomiting, 926t

Prone positioning, in acute lung injury/ARDS, 
1622

Propofol (Diprivan), 343t
for increased ICP, 1367

Proprioception, 1348
Propylthiouracil, for hyperthyroidism, 1198-1199
Proscar (finasteride), for benign prostatic 

hyperplasia, 1310, 1310b

Prostaglandins
endogenous

in blood pressure regulation, 711
in dysmenorrhea, 1280
in inflammation, 173f-175f, 174-175,  

174t
renal, 1049

exogenous, for induced abortion, 1278t
Prostate, 1219-1220, 1219f

biopsy of, 1316
disorders of, 1307-1312
enlarged, 1307-1312. See also Benign prostatic 

hyperplasia.
examination of, 1230

Prostate cancer, 1314-1320
active surveillance in, 1316-1317
acute intervention for, 1321
ambulatory and home care for, 1321
chemotherapy for, 1320
clinical manifestations of, 1315
collaborative care for, 1316-1320, 1317t
complications of, 1315
cryotherapy for, 1318
cultural aspects of, 1315, 1315b, 1320
diagnosis of, 1316, 1317t
drug therapy for, 1319-1320, 1319t
etiology of, 1315
familial, 1315
genetic factors in, 1315
health promotion for, 1321
hereditary, 1315
metastasis in, 1315, 1316f
nursing management of, 1320-1322, 1321t
pathophysiology of, 1315
radiation therapy for, 1318, 1319f
screening for, 1316, 1321
staging of, 1316, 1317t
surgery for, 1317-1318

nerve-sparing, 1318
Prostatectomy

laser, 1311-1312, 1311t
nerve-sparing, 1318
open, 1311t
radical, 1317-1318, 1317t

Prostate-specific antigen, 1309
measurement of, 1233t-1235t
in prostate cancer, 1316

Prostatic massage, 1322
Prostatitis, 1321-1322
Prosthesis

care of, 1533, 1533t
fitting of, 1532-1533, 1532f
upper limb, 1533
voice, 517, 517f

Prosthetic discs, 1549, 1549f
Prosthetic heart valves, 825, 825f
Protease, 232
Protected health information, 10
Protein(s)

acute phase, 892-893
dialysis-related loss of, 1119-1120
dietary, 888, 888t

in chronic kidney disease, 1114-1115,  
1114t

in diabetes mellitus, 1166
in parenteral solutions, 901-902
sources of, 276t, 895t

serum, liver function and, 884t
synthesis of, 192

Protein buffering systems, 303
Proteinuria, 1062t
Proteosome inhibitors, for cancer, 271-273, 271f, 

272t
Prothrombin time, 627t

in liver disorders, 884t

Pressure ulcers (Continued)
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Proton pump inhibitors
for GERD, 933-935, 934t
for peptic ulcers, 946
side effects of, 934, 934b

Protooncogenes, 249-250
Protozoal infections, 228
Proud flesh, 180t
Proventil. See Albuterol (Proventil).
Provera (medroxyprogesterone), for menopausal 

symptoms, 1284-1285, 1285b
PRQST mnemonic, 37, 38t
Pruritus, 430

in chronic kidney disease, 1111
in cirrhosis, 1025
in gallbladder disease, 1039
lichenification and, 444, 1286-1287
management of, 443-444, 1025
opioid-induced, 127

Pseudoaddiction, 134
Pseudoaneurysms, 842, 842f
Pseudoephedrine (Sudafed), 500b
Pseudofolliculitis, 423, 424f
Pseudogout, 1577
Pseudohypoparathyroidism, 1206-1207
Pseudomonas infection, in cystic fibrosis, 

603-604
Pseudoseizures, 1421
Psoralen plus UVA light (PUVA), 440
Psoriasis, 437-438, 438f, 439t
Psoriatic arthritis, 1581
Psychogenic seizures, 1421
Psychologic dependence, 155t
Psychologic problems, 773

in acute coronary syndrome, 757, 757t
in burn patients, 469-470, 469t
in cancer, 271, 281
in chronic kidney disease, 1111
in chronic pain, 115, 115t
in COPD, 587, 601
in coronary artery disease, 735
cultural aspects of, 30, 30t
in diabetes mellitus, 1185-1186
in end-of-life care, 143, 143t, 148-149, 148t
in heart failure, 773
in increased ICP, 1368
in irritable bowel syndrome, 972
in mechanical ventilation, 1624
in menopause, 1284
postoperative, 357
in rheumatoid arthritis, 1576
in seizure disorders, 1422
in sexually transmitted infections, 1273
in skin disorders, 444
in spinal cord injury, 1483-1484, 1483t
in systemic lupus erythematosus, 1583, 1586

Psychoneuroimmunology, 91-92, 91f
Psychosocial assessment, preoperative, 319-320, 

319t, 337
PTCCO2, 479-480, 480t, 491t-493t
Ptosis, 376t

after stroke, 1407-1408
Pubic lice, 437, 437t
Pubovaginal slings, 1089
Pulmocort (budesonide), for asthma, 570t-571t
Pulmonary angiography, 491t-493t
Pulmonary artery catheterization, 479, 1607-1608, 

1607f, 1607t
alternatives to, 1608
catheter for, 1607-1608, 1607f

advanced technology, 1608
insertion of, 1608, 1608f
introducer for, 1608

indications and contraindications for, 1607t

Pulmonary artery occlusive pressure (PAOP), 
1602-1603, 1603t

Pulmonary artery pressure, 1604
Pulmonary artery pressure monitoring. See 

Pulmonary artery catheterization.
Pulmonary artery wedge pressure (PAWP), 

1602-1604, 1603t
Pulmonary circulation, 477-478
Pulmonary disease. See Lung disease; Respiratory 

disorders.
Pulmonary edema, 490t, 551

in heart failure, 769-770
postoperative, 351-353, 352t

Pulmonary embolism, 551-553, 552t
postoperative, 352t
ventilation-perfusion mismatch and, 1655-1656

Pulmonary fibrosis, 490t, 535, 551
Pulmonary function tests, 491t-493t, 494-495, 

495t
in asthma, 495t, 566, 566t

Pulmonary hamartoma, 541
Pulmonary hypertension, 552-557, 555t

in COPD, 585-586, 586f
cor pulmonale and, 554-556, 556t, 585-586, 

586f
idiopathic, 554, 554f
secondary, 554

Pulmonary infarction, 552
Pulmonary rehabilitation, for COPD, 597
Pulmonary secretions, mobilization of. See Airway 

clearance.
Pulmonary toxicity, of chemotherapy, 266t-267t, 

270
Pulmonary vascular resistance (PVR), 1603-1604, 

1603t
Pulmonic valve, 687, 687f
Pulmonic valve disease, 821t, 823
Pulse(s)

abnormal, 696t
apical, 696t, 697
assessment of, 694-695, 695f

in cardiopulmonary resuscitation, 1696
water-hammer, 823

Pulse deficit, 696t, 697
Pulse oximetry, 479-480, 480t, 491t-493t, 

1609-1610
in shock, 1647

Pulse pressure, 690-691
arterial, 690-691, 1607

Pulseless electrical activity, 801
Pulsus paradoxus, 815, 816t
Punch biopsy, 442, 442f
Punnett squares, 200, 201f
Pupil(s)

examination of, 375, 1347, 1347f
in increased ICP, 1360, 1365-1366, 1366f
unequal, 375

Pupilometers, 1347, 1347f
Purpura, 421

definition of, 651
immune thrombocytopenic, 650-653, 652t-653t
thrombotic thrombocytopenic, 651, 652t-653t

Pursed-lip breathing, 485f, 578, 579t, 593, 1659
Pus, 173
Pustules, 420t
PUVA (psoralen plus UVA light), 440
Pyelogram

intravenous, 1056t-1061t
retrograde, 1056t-1061t

Pyelolithotomy, 1079-1080
Pyelonephritis

acute, 1069-1070, 1069f, 1070t
chronic, 1070-1071

Pyloric sphincter, 867
Pyloroplasty, for peptic ulcers, 949-950. See also 

Peptic ulcer disease, surgery for.
Pyorrhea, 878t
Pyrazinamide, for tuberculosis, 531-532, 531t-532t
Pyrosis, 878t

in GERD, 932

Q
Q wave, 791t
QRS complex, 791t
QRS interval, 791t
QSEN, 5
Qsymia. See Topiramate (Qsymia).
QT interval, 791t
Quadrantanopsia, 1346-1347
Quadriplegia, 1350t
Quality and Safety Education for Nurses (QSEN), 

5
Quality improvement, 13, 13f, 14t
Quantitative ultrasound, in bone density 

measurement, 1555
Quantitative urinary protein, 1056t-1061t
Qvar (beclomethasone), for asthma, 570t-571t

R
R wave, 791t
Rabies, 1384, 1688
Raccoon eyes, 1369, 1369f
Race/ethnicity. See also under Cultural; Culture.

cultural characteristics and, 23t
definition of, 21
ethnocentrism and, 24
health disparities and, 21
stereotyping and, 24

Radial artery, Allen test for, 1606
Radiation, 262

as carcinogen, 250-251
cellular effects of, 262
definition of, 262
ionizing, injury from, 1691
skin injury from, 266t-267t, 269, 269f, 270t, 430
types of, 262
ultraviolet, melanoma and, 251

Radiation therapy, 262-265. See also specific 
cancers.

adverse effects of, 440
coping with, 271
dose in, 262-263
effects of, 262
external beam, 263-264, 264f
four Rs of, 262
fractionation in, 262-263
internal, 264-265. See also Brachytherapy.
late effects of, 271
nursing management in, 265-273

of side effects, 265-271, 266t-267t
principles of, 262-263
prophylactic cranial, 539
safety concerns in, 264-265
simulation and treatment planning in, 263,  

263f
skin changes in, 269, 269f, 270t
stereotactic body, 539
teletherapy in, 263-264, 264f
total-body, 440
tumor radiosensitivity in, 263, 263t

Radical cystectomy, 1086. See also Urinary 
diversion.

Radical mastectomy. See Mastectomy.
Radical neck dissection, 513, 514f, 516, 930
Radical nephrectomy, 1084
Radical orchiectomy, 1325
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Radical pancreaticoduodenectomy, 1035-1036, 
1036f

Radical prostatectomy, 1317-1318, 1318f
Radicular pain, 1545, 1548
Radiculopathy, 1548
Radioactive iodine, for hyperthyroidism,  

1199
Radioactive iodine uptake, 1147t-1151t
Radiofrequency ablation, 805

for atrial fibrillation, 797
for atrial flutter, 796
for liver cancer, 1028
for lung cancer, 539

Radiofrequency discal nucleoplasty, 1549
Radiography. See X-rays.
Radioisotope studies, 1501t-1503t
Radiologic agents, terroristic use of, 1691
Radiologic dispersal devices, 1676, 1691
Radiologic studies. See also specific techniques.

bowel preparation for, 989, 1055
contrast-induced nephropathy and, 1105

Radionuclide cystography, 1056t-1061t
Radiosensitivity, 263, 263t
Radiosurgery

for brain tumors, 1377
gamma knife, for trigeminal neuralgia, 1465

Raloxifene (Evista)
for breast cancer, 1251t, 1252
for menopausal symptoms, 1285
for osteoporosis, 1556

Ramadan, 889-890
Ramelteon (Rozerem), 104
Range of motion

assessment of, 1497-1498, 1497f
limited, 1500t

Ranolazine (Ranexa), 745
Rapamune (sirolimus), for transplant 

immunosuppression, 222t, 223
Rape, 1301-1302
Rape trauma syndrome, 1302
Rapid eye movement (REM) sleep, 101
Rapid plasma reagin test, 1232, 1233t-1235t
Rapid postanesthesia care unit progression, 

349-350
Rapid response teams, 1599
Rapidly progressive glomerulonephritis, 1074
Rapid-sequence intubation, 1614, 1677. See also 

Endotracheal intubation.
Rasagiline (Azilect), for Parkinson’s disease,  

1435
Rash

butterfly, 1582, 1583f
in dark-skinned patients, 421t
in dermatomyositis, 1589
in Lyme disease, 1578, 1578f

Raynaud’s phenomenon, 840-841, 841f, 1587
Reactive arthritis, 1581-1582
Realize Band system, 916, 917t, 918f
Rebetol (ribavirin), 1013, 1013b
Rebif (interferon-β), for multiple sclerosis, 1430, 

1430b, 1430t
Rebound tenderness, 876, 878t
Receptors, hormone, 1135, 1135f
Reclast (zoledronic acid), for osteoporosis, 1556
Rectal cancer. See Colorectal cancer.
Rectocele, 1300-1301, 1300f
Rectovaginal fistula, 1301
Rectum, 869f

disorders of, 878t
examination of, 877
in older adults, 871t

Red blood cells, 614f-615f, 615, 625, 626t
decreased, in anemia, 636-638
increased, in polycythemia, 648-649
normal values for, 626t

in older adults, 634-636
sickling of, 644, 644f
in urine, 1062t

Red cell casts, 1062t
Red cell count, 625, 626t

normal values for, 626t
Red cell indices, 625, 626t
Red cell transfusions, 309, 676t, 677
Red yeast rice, 84t
Reduction mammoplasty, 1257-1259
Reed-Sternberg cells, 669
Reemerging infections, 228-229, 229t
Refeeding syndrome, 902
Referred pain, 117, 118f, 121, 1545

to shoulder, after cholecystectomy, 1040
Reflex(es), 1338, 1338f, 1348-1349

abnormal, 1350t
Achilles tendon, 1349
assessment of, 1348-1349, 1349f, 1349t
biceps, 1349, 1349f
brachioradialis, 1349
cough, 481
cremasteric, 1325
gag, 1347
patellar, 1338, 1338f, 1349, 1349f
in spinal cord injury, 1479
triceps, 1349

Reflex bronchoconstriction, 481
Reflex erection, 1482
Reflex incontinence, 1088t. See also Urinary 

incontinence.
Refludan (lepirudin), for venous 

thromboembolism, 851t, 852
Reflux

gastroesophageal. See Gastroesophageal reflux 
disease (GERD).

vesicoureteral, 1049
pyelonephritis and, 1069

Refraction, 369
Refractive errors, 369, 387-388
Refractometry, 378t
Refractory hypoxemia, 1666, 1667t
Regeneration, 177
Regional anesthesia, 342-345. See also 

Anesthesia.
administration of, 342-345
intravenous, 341
postoperative, 358

Registered first nurse assistant, 336
Registered nurse. See Nurse(s).
Reglan. See Metoclopramide (Reglan).
Regranex (becaplermin), 183
Regurgitation, 925

in achalasia, 940
in GERD, 932
valvular, 821, 821f

Rehabilitation
in burn injuries, 468
cardiac, 757t, 758-762
after cranial surgery, 1380-1381
for older adults, 72-73
pulmonary, for COPD, 597
for spinal cord injury, 1479-1484

sexual, 1483
for stroke, 1400, 1408-1409
for substance abuse, 166-167

Reiter’s syndrome, 1581-1582
Relaxation breathing, 93-94, 93t
Relaxation strategies, 93-95, 93t-95t, 133

deep breathing, 93-94, 93t
imagery, 94-95, 94t-95t
massage, 83-84, 84f, 95, 132
meditation, 94, 94t
music, 95

Relenza (zanamivir), for influenza, 504
Religion, 26-27. See also Spirituality.

in end-of-life care, 144-145, 144t
Relistor (methylnaltrexone), 126, 967
Relocation stress syndrome, 70
REM sleep, 101
Remicade. See Infliximab (Remicade).
Renal arteriogram, 1053t, 1056t-1061t, 1058f
Renal artery stenosis, 1082
Renal biopsy, 1056t-1061t
Renal calculi, 1076-1080. See also Urinary tract 

calculi.
Renal cancer, 1050, 1084, 1084f, 1084t
Renal capsule, 1047
Renal circulation, 1047
Renal colic, 1049, 1077
Renal cortex, 1047
Renal disease

acute. See Acute kidney injury.
assessment in, 1051-1055. See also Urinary 

assessment.
chronic. See Chronic kidney disease.
in diabetes mellitus, 1182
diagnosis of, 1055-1062, 1056t-1061t, 1112t
end-stage, 1107-1108
hereditary, 1082-1083
immunologic, 1073-1074
lupus-related, 1582-1583
surgery in, 1094-1095
vascular, 1082

Renal failure, 1101. See also Chronic kidney 
disease.

in ARDS, 1669
in heart failure, 772
liver failure and, 1021, 1027

Renal hilus, 1047
Renal medulla, 1047
Renal medullary cystic disease, 1083
Renal papillae, 1047
Renal replacement therapy, 1106, 1123-1124, 

1123f, 1123t. See also Dialysis.
Renal scan, 1056t-1061t
Renal transplantation, 1124-1126

cancer after, 1128
cardiovascular disease after, 1128
complications of, 1127-1128, 1128t
contraindications to, 1124
donors for, 1124-1126

deceased, 1125-1126
living, 1125

histocompatiblity studies for, 1124
immunosuppression after, 1127

complications of, 1128
indications for, 1124
infection in, 1127-1128
nursing management of, 1127-1128
paired, 1125
postoperative care in, 1127-1128
preoperative care in, 1127
recipient selection for, 1124
recurrence after, 1128
rejection in, 1127
surgical procedure for, 1126, 1126f

Renal trauma, 1081-1082
Renal tuberculosis, 1072-1073
Renal tubules, 1047-1049, 1047f, 1048t
Renal ultrasonography, 1056t-1061t
Renal vascular disease, 1082
Renal vein thrombosis, 1082
Renin-angiotensin-aldosterone system, 290, 1049, 

1049f
in blood pressure regulation, 710f, 711-713

in shock, 1638-1640
in fluid balance, 1048
in heart failure, 768, 776

Red blood cells (Continued)
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Repaglinide (Prandin), for diabetes mellitus, 
1159f, 1163

Repair, 177
Reperfusion dysrhythmias, 752
Repetitive strain injury, 1508-1509
Reproductive cancer

female, 1292-1298
cervical, 1292-1293, 1293f, 1293t, 1294b
cultural aspects of, 1292b
endometrial, 911-912, 1292b, 1293-1294
nursing management of, 1298-1300
ovarian, 1285t, 1294-1296, 1295t
radiation therapy for, 1297-1300
surgery for, 1296t, 1297-1299, 1297f
vaginal, 1296
vulvar, 1296-1297

male
penile, 1323
prostate, 1314-1320
testicular, 1325

Reproductive disorders
in cancer, 266t-267t, 270-271
diagnosis of, 1230-1236
female, 1276-1306
male, 1307-1332
surgery for, 1226t

Reproductive system, 1218-1237
assessment of, 1225-1230

abnormal findings in, 1231t
diagnostic studies in, 1230-1236, 1233t-1235t
focused, 1230b
functional health patterns in, 1227-1229, 

1227t
menstrual history in, 1228
normal findings in, 1231t
obstetric history in, 1228
physical examination in

in female, 1230
in male, 1229-1230

sexual history in, 1228-1229, 1229t
case study of, 1226b, 1229b-1230b, 1236b
female, 1276-1306

structures and functions of, 1220-1222, 1220f
health history in, 1225-1226, 1227t
male, 1218-1237

structures and functions of, 1218-1220, 
1219f

neuroendocrine regulation of, 1222-1223,  
1222f

in older adults, 1225-1237, 1225t
Residual urine, 1056t-1061t
Resilience, 89
Respimat, 589
Respiration. See also Breathing.

arterial blood gases in, 478-479, 479t
chemoreceptors in, 480
Cheyne-Stokes, 142-143
in comatose patients, 1366-1367, 1366f
compliance in, 478
control of, 480
diffusion in, 478
gas exchange in, 1654, 1655f
in increased ICP, 1366-1367, 1366f
Kussmaul, 304-305, 488t

in chronic kidney disease, 1110
in diabetic ketoacidosis, 1176

mechanical receptors in, 480
in older adults, 481, 481t
physiology of, 478-480
ventilation in, 478

Respiratory acidosis, 303-304, 304t-305t, 480
Respiratory alkalosis, 304, 304t-305t, 480
Respiratory depression, opioid-induced, 126

Respiratory disorders. See also Lung disease.
in cancer, 266t-267t, 270
in chronic kidney disease, 1110
genetic factors in, 483b
in GERD, 932
lower tract, 521-559. See also Lower respiratory 

disorders.
obesity and, 911
postoperative, 351-353

etiology of, 351-353
nursing management of, 353-355

in spinal cord injury, 1470-1471, 1477
upper tract, 497-520. See also Upper respiratory 

tract, disorders of..
Respiratory distress, in dying patients, 149, 

150t-151t
Respiratory failure, acute. See Acute respiratory 

failure.
Respiratory system, 475-496. See also under 

Pulmonary.
in acid-base balance, 303
assessment of, 481-488, 488b

abnormal findings in, 488t
case study of, 482b, 485b-486b, 488b, 494b
diagnostic studies in, 490-495
functional health patterns in, 482-485
health history in, 482, 483t
physical examination in, 485-488

defense mechanisms in, 480-481
in older adults, 481, 481t
structures and functions of, 475-481

lower tract, 476-478, 476f
upper tract, 475-476, 476f

Rest pain, in peripheral artery disease, 835
Restless legs syndrome, 1427
Restlessness

in dying patients, 150t-151t
in respiratory failure, 1663-1664

Restraints
in endotracheal intubation, 1617
for older adults, 75

Restrictive cardiomyopathy, 829-830
Restrictive respiratory disorders, 549-550, 549t
Resuscitation

cardiopulmonary. See Cardiopulmonary 
resuscitation.

fluid. See Fluid management.
Reticular activating system, 90, 100, 118, 1339
Reticular formation, 90, 1339
Reticular veins, 856
Reticulocyte, 614f, 615
Reticulocyte count, 628t
Retina, 369f, 371

assessment of, 377, 377f
Retinal detachment, 396-397, 396t
Retinitis, cytomegalovirus, 401
Retinopathy, 395-396

diabetic, 395, 396f, 1181-1182, 1184f
case study of, 411b

hypertensive, 395-396, 714, 726, 726f
Retrogenesis, 1448, 1449t
Retrograde ejaculation, postoperative, 1314
Retrograde pyelogram, 1056t-1061t
Retropubic colposuspension, 1089
Retroviruses, 232-233
Reverse transcriptase, 232, 232f
Rewarming

for frostbite, 1684
for hypothermia, 1685-1686

Rh system, 627
Rhabdomyolysis, in heatstroke, 1684
Rheumatic carditis, 819

chronic, 819

Rheumatic fever, 818-819, 819t-820t
Rheumatic heart disease, 818-819, 820t

antibiotic prophylaxis for, 820
aortic valve regurgitation in, 823
aortic valve stenosis in, 822-823
mitral valve regurgitation in, 821-822
mitral valve stenosis in, 821
pulmonic valve disease in, 823
tricuspid valve disease in, 823

Rheumatoid arthritis, 1569-1574
acute intervention for, 1574-1575
ambulatory and home care for, 1575-1576
case study of, 1593b
clinical manifestations of, 1570-1571

extraarticular, 1571, 1572f
joint-related, 1570-1571

collaborative care of, 1572-1574
cultural aspects of, 1569b
deformity in, 1570-1571, 1570f-1571f
diagnosis of, 1571-1572, 1572t
drug therapy for, 1565t-1567t, 1573, 1575

in older adults, 1576
etiology of, 1569-1570
Felty syndrome in, 1571
genetic factors in, 1570
health promotion for, 1574
immunosuppression for, 1565t-1567t
joint protection for, 1575
nondrug therapy for, 1575
nursing management of, 1574-1576

assessment in, 1574, 1574t
implementation in, 1574-1576
nursing diagnoses in, 1574
planning in, 1574

nutritional therapy for, 1573-1574
in older adults, 1576-1578
pain in, 1570-1571
psychologic support for, 1576
rest for, 1575
Sjögren’s syndrome in, 1571
stages of, 1569t
stiffness in, 1570
surgery for, 1574
vs. osteoarthritis, 1571t

Rheumatoid factor, 1501t-1503t, 1569, 1571
Rheumatoid nodules, 1571
Rheumatrix (methotrexate), for rheumatoid 

arthritis, 1573
Rhinitis

acute viral, 500-502
allergic, 210, 499-500, 500t
asthma and, 562
drug therapy for, 500-502, 501t-502t

Rhinoplasty, 498
Rhinorrhea, in head injuries, 1369, 1374
Rhinosinusitis, 504-505
Rhizotomy, 131, 132f

glycerol, for trigeminal neuralgia, 1465, 1465f
percutaneous radiofrequency, for trigeminal 

neuralgia, 1465
Rhonchi, 488t, 1659
Rhytidectomy, 445-446, 446f
Rib fractures, 543

flail chest and, 542t, 543-544, 544f
Ribavirin (Copegus, Rebetol), 1013, 1013b
Ribonucleic acid (RNA), 192
RICE therapy, 177, 1507
Rifabutin (Mycobutin), for tuberculosis, 531-532, 

531t-532t
Rifampin (Rifadin), for tuberculosis, 531-532, 

531t-532t
Rifapentine (Priftin), for tuberculosis, 531-532, 

531t-532t
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Rifle classification, of acute kidney injury, 1103, 
1103t

Right atrial pressure monitoring, 1608-1609
Right ventricular ejection fraction, 1608
Rigidity, in Parkinson’s disease, 1434
Ring sign, 1369, 1369f
Ringer’s solution, 308t
Rinne test, 382
Riomet (metformin), 1163, 1164t
Risedronate (Actonel), for osteoporosis, 1556
Rituximab (Rituxan)

for non-Hodgkin’s lymphoma, 672, 672b
for rheumatoid arthritis, 1573

Rivaroxaban (Xarelto), for venous 
thromboembolism, 851t, 852

Rivastigmine (Exelon), for Parkinson’s disease, 
1435

RNA, 192
RNA viruses, 232-233
Robert Jones dressing, 1516
Robot-assisted surgery, 346

cardiothoracic, 753
Rocky Mountain spotted fever, 1688
Roflumilast (Daliresp)

for asthma, 570t-571t
for COPD, 589

Role-relationship pattern, 41
Romazicon (flumazenil), for benzodiazepine 

overdose, 163-164
ROME mnemonic, 306, 306t
Romiplostim (Nplate), for immune 

thrombocytopenic purpura, 653
Rosiglitazone (Avandia), for diabetes mellitus, 

1163, 1164t
Rotary chair testing, 383t-384t
Rotating beds, 1476, 1477f
Rotator cuff injuries, 1506t, 1509-1510, 1510f, 

1605t
Rotavirus diarrhea, 962-963, 962t
Roth’s spots, 812
Roux-en-Y gastric bypass, 916-917, 917t, 918f
Roxicodone. See Oxycodone (OxyContin).
Rozerem (ramelteon), 104
RU-486 (mifepristone), 1278t

for rape victims, 180t
Rubella, immunization for, 1226
Rule of 15, 1179
Rule of Nines, 453
Rumpel-Leede test, 627t
Rural areas

health disparities in, 66-67
older adults in, 66-67

Ruxolitinib (Jakafi), for polycythemia, 649

S
S wave, 791t
S1 heart sound, 697f
S2 heart sound, 697f
S3 heart sound, 696t, 697f
S4 heart sound, 696t, 697f
Saccular aneurysms, 841-842, 842f
Saddle joints, 1492f
Safe sex, for HIV prevention, 239-241
Safety concerns, 13, 14t, 1518

in allergies, 1647b
in chemotherapy, 260
in complementary and alternative therapies,  

85
intraoperative, 339
for older adults, 73
in oxygen therapy, 592
in radiation therapy, 264-265

St. John’s wort, 82t, 88
Salicylates, 123, 123t. See also Aspirin.

for arthritis, 1565t-1567t

Saline abortion, 1278t
Saline, nasal, for sinusitis, 505
Saline solutions, 308t
Saliva, 867, 868t
Salivary glands, 867, 868t
Salmeterol (Serevent)

for asthma, 570t-571t, 572
for COPD, 589

Salmon calcitonin (Calcimar)
for osteoporosis, 1556
for Paget’s disease, 1557

Salmonella food poisoning, 957-958, 958t
diarrhea in, 962-963, 962t

Salpingectomy, 1299
Salpingitis, 1287-1288
Salt. See Sodium.
Same-day admission, 318
Samsca. See Tolvaptan (Samsca).
Sandimmune (cyclosporine), for transplant 

immunosuppression, 222-223, 222t
Sandostatin. See Octreotide (Sandostatin).
Saphenous vein ablation, 857
Saphenous vein ligation, 856-857
Sapien Transcatheter Heart Valve, 824
Sarcoidosis, 551
Sarcoma, 254, 254t, 1542

Ewing’s, 1543t
Sarcomere, 1492
Sarcopenia, 896
Sarin, 1690
Saxagliptin (Onglyza), for diabetes mellitus, 

1163-1165, 1164t
SBAR technique, 5, 15t, 328, 335, 362t
Scabies, 437, 437t
Scald burns, 451f
Scales, 420t
SCALES mnemonic, 67t
Scalp lacerations, 1368
Scars, 178, 178t, 420t

adhesions and, 180t
burn, 468, 468f
corneal, 392
formation of, 178, 178t
hypertrophic, 180f, 180t
keloid, 180f, 180t, 421t-422t, 423, 423f
in skin disorders, 444-445

Scheduled voiding
for incontinence, 1089t
for urinary retention, 1091-1092

Schwann cells, 1336, 1336f
Schwannoma, 1375
Sciatica, 121, 1548

straight-leg raising test for, 1498, 1548
Scintigraphy

abdominal, 879t-882t
in cardiac assessment, 699t-703t, 705-706

Sclera, 369f, 370
assessment of, 375-377, 376t

Scleral buckling, 397, 397f
Sclerodactyly, 1587, 1587f
Scleroderma, 1586-1588, 1587f, 1588t
Sclerotherapy, for varicosities, 856, 1022
Scoliosis, 1498, 1498f, 1500t
Scopolamine, 926t
Scratch tests, 213
Screening

for breast cancer, 1238-1239
for colorectal cancer, 987, 989
for diabetes mellitus, 1170-1171, 1171b,  

1171t
for hypertension, 723-724
nutritional, 893-894
for osteoporosis, 1501t-1503t, 1553
for prostate cancer, 1316, 1321
for sexually transmitted infections, 1272

Screw
hip compression, 1525f
subarachnoid, 1362

Scrotum, 1219f, 1220
disorders of, 1232t, 1311, 1324, 1324f
examination of, 1229
transillumination of, 1324

Scrub nurses, 334-335
ScvO2/SvO2 monitoring, 1609, 1609t
Sebaceous glands, 416
Seborrheic keratoses, 439t
Sebum, 416
Second spacing, 289

in burns, 457, 458f
Secondary hypertension, 712, 712t
Secondary prevention, 63
Secondary survey, 1678-1680, 1679t
Secretin, 868t
Sedation

in mechanical ventilation, 1624
moderate, 340-341
opioid-induced, 118, 126, 127t
for respiratory failure, 1663-1664

Sedative-hypnotics, abuse of, 155t, 156-159, 162, 
163t-164t, 164

Segmental cystectomy, 1086
Segmented neutrophils (segs), 616
Seizures, 1419-1424. See also Epilepsy.

absence, 1420-1421
acute intervention for, 1425
ambulatory and home care for, 1426-1427
atonic, 1421
in bacterial meningitis, 1383
biofeedback for, 1424
in brain cancer, 1378
classification of, 1420, 1420t, 1421f, 1433f
clinical manifestations of, 1420-1421
clonic, 1421
collaborative care for, 1422-1424, 1422t
complications of, 1421-1422
delegation for, 1426b
diagnosis of, 1422, 1422t
driving and, 1427
drug therapy for, 1422-1424, 1423t
emergency management of, 1423t
etiology of, 1420
focal, 1420t, 1421, 1421f
generalized, 1420-1421, 1420t, 1421f
health promotion for, 1425
idiopathic, 1420
increased ICP and, 1368
ketogenic diet for, 1424
mortality due to, 1422
myoclonic, 1421
nursing management of, 1425-1427, 1425t
in older adults, 1424
partial, 1421
pathophysiology of, 1420
patient teaching for, 1426t
phases of, 1420
posttraumatic, 1370, 1374
psychogenic, 1421
psychosocial aspects of, 1422
safety precautions for, 1426b
in status epilepticus, 1421-1422
subclinical, 1422
surgery for, 1424, 1424t
in systemic lupus erythematosus, 1583
tetanic, 1468
tonic, 1421
tonic-clonic, 1420
vagal nerve stimulation for, 1424

Selective estrogen receptor modulators (SERMs), 
for menopausal symptoms, 1285

Selegiline (Eldepryl), for Parkinson’s disease, 1435
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Self perception–self-concept pattern, 39-41
Self-efficacy, 49, 53
Self-monitoring of blood glucose, 1167-1168, 

1169t
Self-neglect, by older adults, 68
Selye’s general adaptation syndrome, 90
Semen analysis, 1233t-1235t, 1330
Semilunar valves, 687, 687f
Seminal vesicle, 1219-1220, 1219f
Seminiferous tubules, 1218, 1219f
Senescent gynecomastia, 1242
Sengstaken-Blakemore tube, 1022-1023
Sensipar. See Cinacalcet (Sensipar).
Sensory examination, 1348
Sensory neuropathy, diabetic, 1182-1183

foot problems in, 1183-1184
Sensory overload, in critical care patients, 1601
Sepsis, 1636

ARDS and, 1665-1667, 1665f
diagnostic criteria for, 1637t
severe, 1636

Septic arthritis, 1579
Septic shock, 1632t, 1636-1637. See also Shock.

clinical manifestations of, 1635t
collaborative care for, 1644-1646, 1645t
etiology of, 1632t
pathophysiology of, 1636-1637, 1638f

Septum, cardiac, 687
Sequential compression devices, 850
Serevent (salmeterol)

for asthma, 570t-571t, 572
for COPD, 589

Seroconversion, 233-234
Serotonin, 1337t

in inflammation, 174t
Serotonin receptor antagonists. See H2-receptor 

blockers.
Serum protein electroporesis, 628t
Severe obesity, 906-907, 907t
Sevoflurane (Ultane), 343t
Sexual activity

after acute coronary syndrome, 761-762, 762t
bleeding after intercourse and, 1228
after myocardial infarction, 1226
painful intercourse and, 1228
in sexually transmitted infections, 1273

Sexual assault, 1301-1302
Sexual assault nurse examiner (SANE), 1302, 1690
Sexual counseling, 1329
Sexual function

in Alzheimer’s disease, 1456
antihypertensives and, 721
in burn injury, 470
in cancer, 266t-267t, 270-271

of breast, 1255
in chronic kidney disease, 1111
after colorectal surgery, 989-990, 994
in COPD, 600
definition of, 22-23
in diabetes mellitus, 1183
after laryngectomy, 518
in multiple sclerosis, 1429
in older adults, 1225-1237, 1225b, 1225t
in osteoarthritis, 1569
after ostomy, 994
sexual counseling for, 1329
in spinal cord injury, 1482-1483
after stroke, 1409

Sexual history, 1228-1229, 1229t
Sexual orientation, health disparities and, 22-23
Sexual response

female, 1224-1225
male, 1224-1225

Sexuality, 22-23
Sexuality-reproductive pattern, 41
Sexually transmitted infections, 1261-1275

ambulatory and home care for, 1273
bacterial, 1262-1267
case finding for, 1272
case study of, 1274b
confidentiality and, 1273b
cultural aspects of, 1262b
diagnosis of, 1232-1236, 1233t-1235t
educational and research programs for, 

1272-1273
epidemiology of, 1261-1262
etiology of, 1262t
follow-up in, 1273
gender differences in, 1263b
health promotion for, 1270-1273
hepatitis B as, 1025
hepatitis C as, 1025
HIV as, 232, 239-241
hygiene in, 1273
nursing management of, 1270-1275

assessment in, 1270, 1271t
evaluation in, 1273
implementation in, 1270-1273
nursing diagnoses in, 1270
planning in, 1270

partner notification and, 1272, 1273b
patient teaching for, 1272t
prevention of, 1271-1272
psychologic support in, 1273
risk assessment for, 1272
screening for, 1272
sexual activity in, 1273
viral, 1267-1270

Shearing force, 184
Shenjing shuairuo, 30t
Shift to the left, 173, 626
Shift work sleep disorder, 107, 110-111
Shigellosis, 962-963, 962t
Shin splints, 1506t
Shingles, 436t

HIV-related, 236t
postherpetic neuralgia and, 119

Shock, 1631-1646
acute interventions in, 1647-1648
ambulatory and health care in, 1648
anaphylactic. See Anaphylaxis/anaphylactic 

shock.
burn, 457-461, 457f-458f
cardiogenic, 1632t, 1633

clinical manifestations of, 1633
collaborative care for, 1644, 1645t
etiology of, 1632t
after myocardial infarction, 748-749
pathophysiology of, 1633, 1633f

caregiver support in, 1648
case study of, 1652b
classification of, 1631-1637, 1632t
clinical manifestations of, 1635t
collaborative care in, 1641-1644
diagnosis of, 1640-1641
drug therapy for, 1642-1644, 1643t
emergency management of, 1641t
emotional support in, 1648
etiology of, 1632t
fluid resuscitation for, 1641-1642, 1642t, 1644
health promotion for, 1646-1647
hypotension in, 1637, 1647
hypovolemic, 1632t, 1633

absolute hypovolemia in, 1632t, 1633
in burn patients, 457-461, 457f-458f
clinical manifestations of, 1633, 1635t

collaborative care for, 1644, 1645t
diagnosis of, 1633, 1634t
etiology of, 1632t
pathophysiology of, 1633, 1636f
relative hypovolemia in, 1632t, 1633

hypoxia/hypoxemia in, 1640-1641
laboratory findings in, 1634t
monitoring in

cardiovascular, 1647
gastrointestinal, 1648
hemodynamic, 1647
renal, 1648
respiratory, 1647-1648
temperature, 1648

multiple organ dysfunction syndrome and, 
1632f

neurogenic, 1470, 1632t, 1634-1636
clinical manifestations of, 1634-1636, 1635t
collaborative care for, 1645t, 1646
etiology of, 1632t
pathophysiology of, 1634
vs. spinal shock, 1636

neurologic examination in, 1647
nursing management of, 1646-1650

assessment in, 1646
evaluation in, 1649
implementation in, 1646-1648
nursing diagnoses in, 1646
planning in, 1646

obstructive, 1632t, 1637, 1638f. See also Shock.
clinical manifestations of, 1635t
collaborative care for, 1645t, 1646
etiology of, 1632t
pathophysiology of, 1638f

septic, 1632t, 1636-1637
clinical manifestations of, 1635t
collaborative care for, 1644-1646, 1645t
etiology of, 1632t
pathophysiology of, 1636-1637, 1638f

skin care in, 1648
spinal, 1470

autonomic dysreflexia and, 1479
vs. neurogenic shock, 1636

stages of, 1637-1640, 1638f, 1639t
compensatory, 1637-1640, 1639t
irreversible, 1640
progressive, 1640

systemic inflammatory response syndrome and, 
1632f

Trendelenburg position in, 1647
Short bowel syndrome, 980, 999
Short-leg gait, 1500t
Shoulder

referred pain to, after cholecystectomy, 1040
rotator cuff injuries of, 1509-1510, 1510f, 1605t

Shoulder arthroplasty, 1535
Shunts

anatomic, 1656
distal splenorenal, 1023, 1023f
intrapulmonary, 1656
portacaval, 1023, 1023f
transjugular intrahepatic portosystemic, 1023
ventricular, for malignant hydrocephalus, 1377

SIADH. See Syndrome of inappropriate 
antidiuretic hormone (SIADH).

Sickle cell disease, 638t, 644-645, 644f, 645b, 646f
genetic aspects of, 192-193, 193f, 644

Sigmoid colostomy, 991, 991f
Sigmoidoscopy, 879t-882t
Sign language, 410
Signs, 37
Sildenafil (Viagra), 1328, 1328b

Shock (Continued)
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Silence, 28
Silent ischemia, 742
Silicone beads, for urinary incontinence,  

1089
Silymarin (milk thistle), 1012b
Simponi (golimumab), for rheumatoid arthritis, 

1573
Sims-Huhner test, 1233t-1235t
Simulect (basiliximab), for transplant 

immunosuppression, 222t, 223
Simvastatin (Zocor), 739b, 739t
Sinemet (levodopa-carbidopa), for Parkinson’s 

disease, 1434-1435, 1435b
Sinequan (doxepin), for insomnia, 104
Single-Item Literacy Screener, 53
Single-photon emission CT (SPECT)

cardiac, 699t-703t
neurologic, 1352t-1353t

Singulair (montelukast), for asthma, 570t-571t, 
571-572

Singultus, postoperative, 359
Sinus bradycardia, 793, 793f, 794t
Sinus tachycardia, 793-794, 793f, 794t
Sinuses, paranasal

cancer of. See Head and neck cancer.
inflammation/infection of, 504-505, 506t
obstruction of, 506
structure of, 505f

Sinusitis, 504-505, 506t
asthma and, 562
drug therapy for, 500-502, 501t-502t

Sirolimus (Rapamune), for transplant 
immunosuppression, 222t, 223

Sitagliptin (Januvia), for diabetes mellitus, 
1163-1165, 1164t

Six Ps, of acute arterial ischemia, 839-840
6-minute walk test, 699t-703t
Sjögren’s syndrome, 1571, 1590

in rheumatoid arthritis, 1571
Skeletal muscle, 1491-1492
Skeletal traction, 1514
Skene’s glands, 1221, 1221f
Skin

age-related changes in, 416-417, 417f, 417t
case study of, 418b-419b, 424b

appendages of, 415-416. See also Hair; Nails.
artificial, 466-467
assessment of

in dark-skinned patients, 186t
in fluid imbalances, 293
focused, 624-625
in hematologic disorders, 623t-624t,  

624-625
atrophy of, 420t

steroid-induced, 441
biopsy of, 425t, 442, 442f
cleansing of, 430
excoriation of, 420t
functions of, 416
nutrition and, 430
self-examination of, 430-431
structure of, 414-416, 415f

Skin cancer, 251, 430-443
basal cell, 431, 432t, 433f
case study of, 447b
clinical manifestations of, 432t
of ear, 403-404
melanoma, 251, 432t
Mohs’ surgery for, 442-443
nonmelanoma, 431-432, 432t
prognosis of, 432t
radiation therapy for, 440
risk factors for, 431
squamous cell, 431-432, 432t
treatment of, 432t

Skin care. See also Wound(s).
in Alzheimer’s disease, 1455
for central venous access devices, 312
in dying patients, 150t-151t
in endotracheal intubation, 1617
in enteral nutrition, 900
in fluid imbalances, 293
pin site, 1520
in shock, 1648
in spinal cord injury, 1482

Skin decontamination, 1690
Skin disorders

ambulatory and home care in, 443-445
benign, 437-438
in cancer, 266t-267t, 269-270, 270t

chemotherapy-induced, 266t-267t, 269, 270t
radiation-induced, 266t-267t, 269, 269f, 270t, 

430
case study of, 418b-419b, 424b
collaborative care for, 440-443
in diabetes mellitus, 1184, 1184f
diagnostic studies for, 440, 442-443. See also 

Integumentary system, assessment of.
drug therapy for, 441-442
in endocrine disorders, 1143-1144
infectious, 444

antibiotics for, 441
bacterial, 434t, 435, 435f
fungal, 435, 436t
viral, 435, 435f, 436t

infestations, 437, 437t
inflammatory, 435-437
insect bites, 437, 437t
malignant. See Skin cancer.
postoperative, 361
premalignant, 432t
pressure ulcers in, 1472-1473
prevention of, 427-430
pruritus in, 443-444
psychologic effects of, 444
scarring in, 444-445
in systemic disease, 438
treatment of

baths in, 443
cryosurgery in, 442
curettage in, 442
dressings in, 443-444. See also Dressings.
drug therapy in, 440t, 441-443
electrocoagulation in, 442
electrodesiccation in, 442
excision in, 442-443
laser therapy in, 440-441, 440t
Mohs’ surgery in, 442-443, 443f
phototherapy in, 440
for prevention of spread, 444
radiation therapy in, 440
self-treatment in, 430
wound care in, 444

Skin flaps, 443f, 447
Skin grafts, 443f, 447

allografts, 461, 462t, 465-466
autografts, 462t, 465-466

cultured epithelial, 466, 467f
for burns, 461, 465-467
free grafts, 447
skin flaps, 447
sources of, 462t
tissue expanders for, 447
types of, 447
uses of, 447

Skin lesions, 420t
terminology of, 421t

Skin preparation
for ECG, 790
preoperative, 340

Skin scrapings, 442
Skin tags, 439t
Skin testing

for hypersensitivity reactions, 209t, 210, 
213-214

for tuberculosis, 212, 478, 530
Skin traction, 1514
Skin turgor, 293, 293f
Skinfold measurement, 893
Skull

radiography of, 1352t-1353t
structure of, 1342

Skull fractures, 1368-1369, 1369f, 1369t
emergency management of, 1372,  

1372t
Sleep, 99-113

adequate, 99
circadian rhythms and, 101
definition of, 99
fragmented, 99, 103
insufficient, 99-105, 101f. See also 

Insomnia.
effects of, 101, 101f

nonrestorative, 103
NREM, 101
physiology of, 100-101
REM, 101
sleep behavior and, 100
stages of, 101
wake behavior and, 100

Sleep apnea, obstructive, 107-108, 108b, 108f
obesity and, 911

Sleep architecture, 101
Sleep diary, 105
Sleep disorders, 99
Sleep disturbances, 101-105

case study of, 111b
circadian rhythm disorders, 107
in COPD, 600-601
in critical care patients, 1601
definition of, 99
dyssomnias, 99, 100t
effects of, 101, 101f
in hospital, 106
insomnia, 101-105
jet lag, 107
narcolepsy, 106-107, 107t
in nurses, 110-111
obesity and, 911
obstructive sleep apnea, 107-108, 108b,  

108f
in older adults, 75, 109-110
parasomnias, 99, 100t, 110
periodic limb movement disorder, 109
restless legs syndrome, 1427
shift work, 107, 110-111
sleep-disordered breathing, 107-108
in systemic disease, 102t, 103, 110
in Willis-Ekbom disease, 1427

Sleep hygiene
inadequate, 101-102
patient teaching for, 103t

Sleep paralysis, 106
Sleep terrors, 110
Sleep-disordered breathing, 107-108
Sleepiness

excessive daytime, 99-100
in narcolepsy, 106-107

postprandial, 100
Sleep-rest pattern, 39
Sleep-wake cycle, 100-101
Sleepwalking, 110
Slings, 1516
Slipped disc, 1547-1548, 1548f, 1548t
Slow-twitch muscle fibers, 1492-1493
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Small intestine, 867. See also under 
Gastrointestinal; Intestinal.

obstruction of, 982, 983f, 983t
in older adults, 871t
radiography of, 879, 879t-882t
secretions of, 868, 868t

Smears, in STD diagnosis, 1232-1236, 1233t-1235t
Smoke and inhalation injuries, 451-452, 452t, 

456t, 459, 460t
Smoking, 155-156

cessation strategies for, 156-159, 156f, 156t-158t, 
523, 588, 759, 759b. See also Lifestyle 
modifications.

COPD and, 580-583, 588
coronary artery disease and, 734
esophageal cancer and, 937
gender differences in, 156, 159
health effects of, 155-156, 155t, 580-582, 582t
history of, 483-484
hypertension and, 716
lung cancer and, 535-539
pack-years of, 483-484
pancreatic cancer and, 1035
passive, 582
peptic ulcers and, 930, 949
peripheral artery disease and, 834

Smooth muscle, 1491-1492
Snellen eye chart, 374, 375t
SNOMED CT, 10-11
Social networking, privacy issues in, 4b
Social services, for older adults, 68
Social support

for caregivers, 50-52, 51t
for older adults, 67-68

Socioeconomic considerations, in patient/
caregiver teaching, 54

Sodium
dietary

in chronic kidney disease, 1114t, 1115
in cirrhosis, 1023-1024
in heart failure, 777-778, 778f, 778t
hypertension and, 712-713, 716
urinary tract calculi and, 1080

functions of, 293
in urinary assessment, 1056t-1061t

Sodium balance
disturbances of, 293-295, 294f

in acute kidney injury, 1104
in burn patients, 464
in chronic kidney disease, 1109
hypernatremic, 294-295, 294f, 295t
hyponatremic, 294f, 295, 295t

regulation of, 293-294
Sodium bicarbonate, for poisoning, 1690
Sodium nitroprusside

for heart failure, 774, 774b
for shock, 1643t

Sodium polystyrene sulfonate (Kayexalate), 297
for hyperkalemia, in acute kidney injury, 

1105-1106, 1105t
Soft tissue injuries, 1506-1507

emergency management of, 1507t
Solar keratosis, 431, 432t
Solesta (dextranomer/hyaluronic acid), for fecal 

incontinence, 965
Solu-Cortef. See Hydrocortisone (Solu-Cortef).
Solu-Medrol. See Methylprednisolone (Medrol, 

Solu-Medrol).
Solutions

intravenous. See Intravenous therapy, solutions 
for.

parenteral nutrition, 901
Somatic pain, 118t, 119

Somatomedin C, measurement of, 1147t-1151t
Somatosensory evoked potentials, 1501t-1503t
Somatostatin, 1136t, 1140

for upper gastrointestinal bleeding, 955, 955t
Somatotropin

endogenous, 1136t
measurement of, 1147t-1151t

exogenous, for hypopituitarism, 1192
Somogyi effect, 1163
Somo-v ABUS, 1240
Sonata (zaleplon), 104
Soy, 84t

for menopausal symptoms, 1285b
Spastic bladder

in multiple sclerosis, 1429
postoperative, 1314

Spastic gait, 1500t
Spasticity, 1500t

in multiple sclerosis, 1429, 1431
in musculoskeletal trauma, 1521t
after stroke, 1408

Speak Up program, 52, 52t
Speaking tracheostomy tubes/valves, 508t, 

511-512, 511f-512f
SPECT (single-photon emission CT), 699t-703t

cardiac, 699t-703t
neurologic, 1352t-1353t

Speech
esophageal, 514f, 516
after laryngectomy, 514f, 516-517, 517f, 519f
after stroke, 1394, 1406-1407, 1407t
with tracheostomy, 511-512, 511f-512f

Speech reading, 410
Speech therapy, for stroke, 1406
Spermatic cord, 1219, 1219f

examination of, 1229-1230
Spermatocele, 1324, 1324f
Spermatogenesis, 1219
Sphincter electromyogram, 1056t-1061t
Sphincterotomy, for acute pancreatitis, 1032
Sphygmomanometer, 690
SPICES mnemonic, 71, 71f
Spider angiomas, 1018
Spider nevus, 615-616
Spider veins, 856
Spinal anesthesia, 130-131, 130f, 343t, 345

neurogenic shock and, 1634
postoperative, 358

Spinal cord
ascending tracts of, 1337-1338
descending tracts of, 1338
structures and functions of, 1337-1338, 1338f
tumors of, 1484-1485, 1484f, 1485t

Spinal cord compression, malignant, 277
Spinal cord injury, 1350t, 1469-1475

acute care in, 1474-1479
anterior cord syndrome in, 1472t
ASIA Impairment Scale for, 1470
autonomic dysreflexia in, 1479
bladder management in, 1478-1479
bowel training in, 1479
Brown-Séquard syndrome in, 1472t
case study of, 1486b
cauda equina syndrome in, 1472t
central cord syndrome in, 1472t
classification of, 1470
clinical manifestations of, 1470-1473
collaborative care in, 1473-1475, 1474t
complete, 1470
complications in

cardiovascular, 1471-1472, 1477-1478
gastrointestinal, 1472, 1478
integumentary, 1478-1479

respiratory, 1470-1471, 1477, 1480
urinary, 1472, 1478-1479

conus medullaris syndrome in, 1472t
degree of, 1470
diagnostic studies in, 1473, 1474t
drug therapy for, 1475
emergency management of, 1473-1474
etiology of, 1469
health promotion for, 1475
home care in, 1479-1484
imaging studies in, 1473
immobilization in, 1476-1477, 1476f
incomplete, 1470, 1472t
level of, 1470, 1472f

rehabilitation potential and, 1473t
mechanism of, 1470, 1471f
metabolic needs in, 1473
neurogenic bladder in, 1480-1481, 1480t-1481t
neurogenic bowel in, 1481-1482, 1481t
neurogenic shock in, 1470, 1632t, 1634-1636
nonoperative stabilization in, 1475
nursing management of, 1475-1484

assessment in, 1476t
implementation in, 1475-1484
nursing diagnoses in, 1475
planning in, 1475

in older adults, 1484
paraplegia in, 1470
pathophysiology of, 1469-1470, 1470f
peripheral vascular problems in, 1473
posterior cord syndrome in, 1472t
primary, 1469
reflexes in, 1479
rehabilitation in, 1479-1484
secondary, 1469-1470
sensory deprivation in, 1479
skin care in, 1482, 1482t
spinal shock in, 1470, 1636
stress ulcers in, 1479
surgery for, 1475
tetraplegia in, 1470
thermoregulation in, 1473, 1479
traction for, 1476-1477, 1476f
types of, 1469-1470
venous thromboembolism in, 1473, 1475, 1478

Spinal cord stimulation, 131
Spinal fusion, 1549

postoperative care in, 1550
Spinal nerves, 1340, 1340f
Spinal shock, 1470

autonomic dysreflexia and, 1479
vs. neurogenic shock, 1636

Spinal stenosis, 1547
Spinal surgery, 1548-1550
Spinal tap, 1349-1351, 1352t-1353t
Spine. See also Back; Vertebrae.

abnormal curvature of, 1498, 1498f, 1500t,  
1528

osteoarthritis of, degenerative disc disease and, 
1548

radiography of, 1352t-1353t
structure of, 1342-1343, 1343f

Spiral computed tomography, of pulmonary 
embolism, 552

Spiral fractures, 1511, 1512f
Spiritual assessment, 144-145, 144t

preoperative, 337
Spirituality, 26-27

definition of, 144-145
in end-of-life care, 144-145

Spiriva (tiotropium), for asthma, 570t-571t
Spirometry, 494-495, 495t

Spinal cord injury (Continued)
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Spironolactone (Aldactone)
for ascites, 1022
for heart failure, 774t, 776, 776b

Spleen, 618
disorders of, 675-676
enlarged, 675-676, 878t
palpation of, 624, 876

Splenectomy, 675-676
for immune thrombocytopenic purpura, 

652-653
Splenomegaly, 675-676, 878t
Splint(s)

lower extremity, 1516
for rheumatoid arthritis, 1575
sugar-tong, 1515

Splinter hemorrhages, 696t
in infective endocarditis, 812

Splinting, for coughing, 354-355, 355f
SpO2, 479, 480t
Spondyloarthropathies, 1580-1581
Spontaneous bacterial peritonitis, 1021
Spontaneous breathing trial, 1626
Sports injuries, 1506, 1506t
Spotting, 1281
Spousal abuse, 1301-1302
Sprains, 1506-1507

cervical, 1550
Sprue

celiac, 997
tropical, 997-998

Sputum examination, 482-483, 490, 491t-493t
Squamocolumnar junction, 1221
Squamous cell carcinoma, 431-432, 432t
Square wave test, 1605, 1605f
ST segment, 791t
Stadol (butorphanol), 124, 125t
Staged coughing, 1662
Staghorn calculi, 1077f, 1078t. See also Urinary 

tract calculi.
Staging, 254-255
Stalevo, for Parkinson’s disease, 1435
Standard precautions, 231, 338
Stapes, 378, 379f
Staphylococcal food poisoning, 957-958, 958t

diarrhea in, 962-963, 962t
Staphylococcal infections, methicillin-resistant, 

229, 229t-230t
Starch blockers, for diabetes mellitus, 1163, 1164t
Starlix (nateglinide), for diabetes mellitus, 1163, 

1164t
Starvation. See also Malnutrition.

inflammation and, 892
pathophysiology of, 891-892

Stasis dermatitis, 857
Statins, 737-740, 739t

for chronic kidney disease, 1114
Status epilepticus, 1421-1422, 1424
Staxyn (vardenafil), 1328, 1328b
Steal syndrome, 1120
Steatorrhea, 878t
Stem cells, 200, 613-614, 614f

transfusion of, for leukemia, 667-668
transplantation of, 200, 274-276, 274t, 275f

for sickle cell disease, 647
for urinary incontinence, 1089

Stendra (avanafil), 1328, 1328b
Stenosis, valvular, 821, 821f
Stent(s), 1397, 1397f

airway, for lung cancer, 539
arterial

for aortic aneurysms, 843-845, 843f
coronary artery, 745-746, 746f
for peripheral artery disease, 837

intraprostatic urethral, 1311t, 1312
Stent retrievers, for stroke, 1398-1399

Step-down units, 1599
Steppage gait, 1500t
Stereognosis, 1348
Stereopsis, 377
Stereotactic mammography, 1239-1240
Stereotactic radiosurgery, 1377, 1379, 1380f
Stereotactic radiotherapy, for lung cancer, 539
Stereotyping, 24
Sterile field, 338, 338f
Sterilization, vasectomy for, 1326, 1326f, 1327b
Sternal-occipital-mandibular immobilizer, 1476, 

1477f
Steroids. See Corticosteroids.
Stethoscope, 41-42, 42f
Stiff neck, in bacterial meningitis, 1382
Stiffness, in rheumatoid arthritis, 1570, 1575
Stimulants

abuse of, 155t, 162, 163t-164t
overdose of, 1689t
for weight loss, 915

Stings, 1687
Stings, insect, 215
Stocking-glove neuropathy, 1182
Stockings, compression, 850
Stoma(s), 990, 992, 992t

double-barreled, 990f, 991
end, 991, 991f
laryngectomy, 517
loop, 991, 991f
preoperative planning for, 991-992
tracheostomy, 509, 510t
urinary, 1095, 1096f

care of, 1097-1098, 1098f
Stomach. See also under Gastric; Gastrointestinal.

in older adults, 871t
structure of, 866-870, 866f

Stomach cancer, 951-952
cultural factors in, 929b

Stomatitis, 928t
aphthous, 875t, 928t
in cancer, 266t-267t, 268-269

Stones. See Gallstones; Urinary tract calculi.
Stool. See also under Bowel elimination; Fecal.

blood in, 878t, 954
fatty, 878t

Stool culture, 879t-882t
Stool softeners, 967, 967t
Strabismus, 376t, 392
Straight-leg raising test, 1498, 1548
Strains, 1506-1507, 1599, 1605t

cervical, 1550
Strength assessment, 1366, 1498, 1498t

in malnutrition, 893
Streptococcal infections

glomerulonephritis and, 1073t, 1074
penicillin-resistant, 229, 229t-230t

Streptococcal meningitis, 1381-1383, 1381t
Streptococcal pharyngitis, 506

rheumatic fever and, 818
Streptococcus pneumoniae pneumonia, 525, 

526t
Stress, 88-98, 1698

of acute illness, in diabetes mellitus, 1171-1172
adaptation to, 88-89
caregiver, 51-52, 51t, 149-152, 1446
causes of, 88-89, 89f
coronary artery disease and, 735
definition of, 88-89
fluid and electrolyte balance and, 290, 290f
health effects of, 92, 92t
nursing management of, 95-97

assessment in, 95-96
implementation in, 96-97, 97t

relocation, 70
Stress echocardiogram, 699t-703t

Stress fractures, 1512f
calcaneal, 1552t

Stress headache, 1414-1415, 1414f, 1414t
Stress incontinence, 1056t, 1088t. See also 

Urinary incontinence.
Stress management, 92-93, 93t

complementary and alternative therapies in, 
96b-97b

by nurses, 96-97, 96t
patient/caregiver teaching for, 97
relaxation strategies in, 93-95, 93t-95t

Stress response
definition of, 90-91
factors affecting, 89, 89t
physiologic, 89-92

endocrine system in, 90, 90f-91f
immune system in, 91-92, 91f
nervous system in, 89f, 90

Stress testing, 699t-703t, 704
Stress ulcers, 954

in ARDS, 1669
in mechanical ventilation, 1624
in spinal cord injury, 1479

Stressors, 88-89, 89f
Stress-related disorders, 92, 92t

case study of, 97b
Stress-related mucosal disease, 954
Strictures, 1081

esophageal, 940
ureteral, 1081
urethral, 1081

Stridor, after thyroidectomy, 1201
Stroke, 1388-1412

acute intervention in, 1401-1408
affect after, 1394
ambulatory and home care for, 1408-1410
case study of, 1410b
clinical manifestations of, 1393-1395, 1393f
cognitive changes after, 1394
collaborative care for, 1395-1400
communication problems in, 1394, 1394t, 

1406-1407, 1407t
community reintegration after, 1409-1410
complications of

cardiovascular, 1404-1405
gastrointestinal, 1405-1406
integumentary, 1405
musculoskeletal, 1405
neurologic, 1404
respiratory, 1401-1404
sensory-perceptual, 1406, 1407f
urinary, 1406

coping with, 1408-1409
cultural aspects of, 1390b
delegation in, 1405b
diagnosis of, 1395, 1395t
drug therapy for

for hemorrhagic stroke, 1399
for ischemic stroke, 1398
preventive, 1395-1397, 1396b, 1396t

embolic, 1391t, 1392
emergency management of, 1397-1399, 1398t, 

1401-1408
for hemorrhagic stroke, 1399-1400
for ischemic stroke, 1397-1399, 1398t

family issues in, 1408-1409
gender differences in, 1390b
ischemic, 1391-1392, 1391t
left- vs. right-sided damage in, 1393f
mirror therapy for, 1396b
motor deficits in, 1393-1394, 1393f

rehabilitation for, 1408-1409
neglect syndrome after, 1407, 1407f
nursing care plan for, 1402b-1404b
nursing management of, 1400-1410
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assessment in, 1400, 1400t-1401t
implementation in, 1401-1410
nursing diagnosis of, 1400
planning in, 1401

nutritional therapy for, 1406
in older adults, 1410
pathophysiology of, 1389-1390
prevention of, 1395-1397, 1396b, 1396t
recovery from, 1409
rehabilitation for, 1400, 1408-1409
risk factors for, 1390-1391
sexual function after, 1409
spatial-perceptual changes after, 1394-1395
surgery for, 1396-1397

for hemorrhagic stroke, 1399-1400, 1399f
for ischemic stroke, 1398-1399

thrombotic, 1391-1392, 1391t
transient ischemic attack and, 1391
types of, 1391-1393
warning signs of, 1389t, 1391t

Stroke volume (SV), 689, 1603-1604, 1603t
Stroke volume index (SVI), 1603, 1603t
Stroke volume variation (SVV), 1606-1607
Struvite stones, 1077-1079, 1078t. See also Urinary 

tract calculi.
Stye, 376t, 389, 390f
Subarachnoid bolt/screw, 1362
Subarachnoid hemorrhage, 1392-1393
Subconjunctival hemorrhage, 376t
Subcutaneous nodules, in rheumatic fever, 

819-820
Subcutaneous tissue, 415
Subdural hematoma, 1371, 1371t

emergency management of, 1372, 1372t
Subjective data, 37-41
Sublimaze (fentanyl), 125t
Subluxation, 1500t, 1508, 1508f

in rheumatoid arthritis, 1570-1571
Submersion injuries, 1686, 1686f, 1687t
Substance abuse, 154-169, 155t. See also Alcohol 

use/abuse; Smoking and specific abused 
substances.

acute intervention in, 166
addiction in, 134-135
ambulatory and home care for, 166-167
case study of, 167b
coronary artery disease and, 735
definition of, 154
dependence in, 134, 134t, 154, 155t
health complications of, 154, 155t
health promotion for, 166-167
HIV transmission and, 232, 241
nursing management of, 165-167

assessment in, 165-166, 165t-166t
implementation in, 166-167
nursing diagnoses in, 166
planning in, 166

in older adults, 167
overdose in, 124, 162-164, 164t, 1689t
pain management in, 137
physical dependence in, 134
in preoperative period, 320-321
prevention of, 166-167
pseudoaddiction in, 134
rehabilitation for, 166-167
signs of, 166t
terminology of, 155t
tolerance in, 133-134
withdrawal in, 160t, 161b, 162, 162t-163t, 164. 

See also Withdrawal.
Substance dependence, 134, 134t, 154, 155t
Substance P, 1337t

Suburethral slings, 1089
Sucralfate (Carafate)

for GERD, 934, 934t
for peptic ulcers, 947

Suction aspiration, in induced abortion, 
1278-1279, 1278t

Suction chest drainage, 544-547. See also Chest 
tubes.

Suctioning
airway, 1662
delegation of, 518b
in endotracheal intubation

oral, 1618
tube, 1616

tracheostomy, 509, 509f, 509t, 1662
Sudafed (pseudoephedrine), 500b
Sudden cardiac death, 762, 801
Suffering, 115
Sugar-tong splint, 1515
Suicide, assisted, 136
Sulfasalazine (Azulfidine)

for inflammatory bowel disease, 978, 978b, 979t
for rheumatoid arthritis, 1565t-1567t, 1573

Sulfonylureas, for diabetes mellitus, 1163, 1164t
Sumatriptan (Imitrex), for migraine, 1416, 1416b
Sun exposure

skin cancer and, 431-433
skin damage from, 427-429, 428t, 433f

Sun protection factor (SPF), 428-429
Sundowning, 1454
Sunscreen, 428-429
Superficial vein thrombosis, 847, 849

varicosities and, 856-857, 856f
Superior vena cava, 689-690
Superior vena cava syndrome, 277, 277f
Superoptic nuclei cells, 1048
Support groups, for weight loss, 915
Supraglottic swallow, 514, 515t
Suprane (desflurane), 343t
Suprapubic catheters, 1094. See also Urinary 

catheterization.
Suprefact (buserelin), for prostate cancer, 

1319-1320, 1319t
Surfactant, 477, 1666
Surgeon, 335-336
Surgeon’s assistant, 335-336
Surgery, 317

ambulatory, 318, 362-363
discharge after, 362-363
patient teaching for, 325

anesthesia for. See Anesthesia.
bariatric, 916-918, 917t, 918f

for diabetes mellitus, 1169, 1170b
perioperative care in, 918-920

cancer, 258
cardiac, patient teaching for, 824b
catastrophic events in, 345-346

anaphylaxis, 346
malignant hyperthermia, 346

chest. See Chest surgery.
cosmetic. See Cosmetic procedures.
cranial, 1379-1381. See also Cranial surgery.
definition of, 317
in diabetes mellitus, 1171-1172
elective, 318
emergency, 318
foot, 1551-1552, 1551f
hypothermia in

induced, 346
prevention of, 340

intraoperative care in, 333-348. See also 
Intraoperative care.

joint, 1534-1536

laser. See Laser therapy.
legal issues in, 325-327
minimally invasive, 346
ocular, patient teaching for, 395t
operating room in

patient transport to, 328, 338
physical layout of, 333-334, 335f
preparation of, 337-338
safety procedures in, 339

orthopedic, 1518-1520
postoperative care in, 349-366. See also 

Postoperative care.
preoperative care in, 317-332. See also 

Preoperative care.
purposes of, 317
reproductive system, 1226t
robot-assisted, 346
settings for, 318
spinal, 1548-1550
telesurgery, 346
terminology of, 318, 318t

Surgical Care Improvement Project (SCIP), 334
Surgical menopause, 1298
Surgical Safety Checklist, 339
Surgical suite, 333
Surgical team, 334-337
Surgical technologist, 335
Surgical time-out, 339
Sustained maximum inspiration, 354, 355f
Susto, 30t
Sutures, 179

for tracheostomy tube, 509-510
wound care and, 444

Swallowing, 867
painful/difficult. See Dysphagia.
supraglottic, 514, 515t

Swan neck deformity, 1500t, 1570-1571, 1571f
Swan-Ganz catheter, 1607, 1607f
Sweat chloride test, for cystic fibrosis, 602, 604
Sweat glands

apocrine, 416
eccrine, 416

Swelling, 1500t
Swimmer’s ear, 403
Sydenham’s chorea, 819
Symbicort (budesonide/formoterol), for asthma, 

570t-571t
Symlin (pramlintide), for diabetes mellitus, 1164t, 

1165
Sympathectomy, 131, 132f
Sympathetic nervous system

in blood pressure regulation, 710-711, 710f, 713
in stress response, 90, 90f-91f

Sympathoadrenal response, 90
Sympathomimetics

for hypersensitivity reactions, 215
for shock, 1642-1644, 1643t

Symptoms, 37
investigation of, 37-38, 38t

Synapses, 1337
Synarel (nafarelin), for endometriosis, 1290
Synarthrotic joints, 1491f
Synchronized cardioversion, 802
Synchronized intermittent mandatory ventilation, 

1620-1621, 1620t
Syncope

cardioneurogenic, 807-808
postoperative, 356-357

Syndrome of inappropriate antidiuretic hormone 
(SIADH), 1193, 1193f, 1193t, 1367

in cancer, 278
Syndrome X, 921, 921f, 921t

Stroke (Continued) Surgery (Continued)
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Synovectomy, 1534
Synovial fluid analysis, 1503

arthrocentesis for, 1499-1503
in gout, 1577
in rheumatoid arthritis, 1571

Syphilis, 1264-1266, 1265f, 1265t-1266t. See also 
Sexually transmitted infections.

diagnosis of, 1232, 1233t-1235t, 1264-1266, 
1266t

neurosyphilis in, 1264, 1468-1469
tertiary, 1265f, 1265t

Syringes, insulin, 1160-1161
Systematized Nomenclature of Medicine–Clinical 

Terms (SNOMED CT), 10-11
Systemic inflammatory response syndrome 

(SIRS), 1649-1650, 1651t
multiple organ dysfunction syndrome and, 

1632f
shock and, 1632f

Systemic lupus erythematosus, 217, 
1582-1584

acute interventions for, 1585-1586
ambulatory and home care for, 1586
antiphospholipid syndrome in, 1582-1583
clinical manifestations of, 1582-1584, 1583f

cardiopulmonary, 1582
dermatologic, 1582, 1583f
hematologic, 1583
infectious, 1583-1584
musculoskeletal, 1582
neurologic, 1583
renal, 1582-1583

collaborative care for, 1584, 1585t
complications of, 1582-1584, 1583f
diagnosis of, 1584, 1584t
drug therapy for, 1584
etiology of, 1582
exacerbations of, 1585-1586
gender differences in, 1582-1584
health promotion for, 1585
nursing management of, 1584-1588

assessment in, 1584, 1585t
evaluation in, 1586
implementation in, 1585-1586
nursing diagnoses in, 1585
planning in, 1585

pathophysiology of, 1582
pregnancy and, 1586
progression of, 1582-1584
psychosocial aspect of, 1586

Systemic sclerosis, 1586-1588
Systemic vascular resistance (SVR), 690, 

1603-1604, 1603t
Systole, 689
Systolic blood pressure, 690
Systolic dysfunction, 1633
Systolic failure, 767

T
T cell(s), 205, 205f

in cancer, 252-253
cytotoxic, 205, 205f
helper, 205, 205f
in HIV infection, 232-233, 233f, 235

T tubes, 361t
in open cholecystectomy, 1039-1040, 1039f

T wave, 791t
T3 (triiodothyronine), 1136t, 1139

measurement of, 1147t-1151t, 1151
T4 (thyroxine), 1136t, 1139

measurement of, 1147t-1151t, 1151
Tabes dorsalis, 1264, 1468-1469
Tachycardia

in heart failure, 771
paroxysmal supraventricular, 794t, 795, 795f

sinus, 793-794, 793f, 794t
ventricular, 794t, 799-800, 799f

Tachypnea, 488t
Tacrolimus (Prograf, FK506)

for atopic dermatitis, 442
for transplant immunosuppression, 222-223, 

222t
Tactile perception, assessment of, 1348
Tadalafil (Cialis), for benign prostatic hyperplasia, 

1310
Tai Chi, for osteoarthritis, 1568
Talwin (pentazocine), 124, 125t
Tamiflu (oseltamivir), 504
Tamoxifen (Nolvadex), for breast cancer, 1251, 

1251t
Tamponade

balloon, for variceal bleeding, 1022-1023, 
1025-1026

cardiac, 542t
in aortic dissection, 846
in cancer, 278
in pericarditis, 815

Tampons, toxic shock syndrome and, 1282
Tamsulosin (Flomax), for urinary calculi, 1078
Tapazole (methimazole), for hyperthyroidism, 

1198-1199
Tapentadol (Nucynta), 125t, 126
Tardive dyskinesia, 1460
Targeted therapy, 271. See also Biologic and 

targeted therapy.
Tasmar (tolcapone), for Parkinson’s disease, 1435
Taste alterations, in cancer, 266t-267t, 268, 277
Tau proteins, 1446, 1447f
Taxonomies, 7-8, 7t
T-cell lymphoma, cutaneous, 432t
Teaching, 48. See also Patient and caregiver 

teaching.
Team nursing, 5, 15-16
Teamwork, 13-16, 14t-15t, 16b
Tecfidera (dimethyl fumurate), for multiple 

sclerosis, 1430
Technology, 10-11. See also Information 

technology.
in patient/caregiver teaching, 57

Tedeglutide (Gattex), 999
Teflon injection, for urinary incontinence, 1089
Tegretol (carbamazepine), 1424b
Telangiectasia, 422t, 615-616, 856

in cirrhosis, 1018
electrodesiccation/electrocoagulation for, 442

Telaprevir (Incivek), 1013
Telehealth, 11, 11f, 57

in heart failure, 782, 782f
TeleICU, 1599, 1599f
Telemetry monitoring, 790
Telesurgery, 346
Teletherapy, 263-264, 264f
Telomeres, 92
Temozolomide (Temodar), for brain tumors, 1377, 

1377b
Temperature. See also Fever; Hyperthermia; 

Hypothermia.
basal body, in fertility workup, 1233t-1235t

Temperature regulation
poikilothermism in, 1473
in spinal cord injury, 1473, 1479

Temporal lobe, 1338-1339, 1338f, 1339t
Tendinitis, 1506t

Achilles, 1500t
Tendons, 1493
Tenesmus, 878t, 965
Tennis elbow, 1500t
Tenofovir (Truvada), for HIV infection, 238
Tenosynovitis, 1500t

Tensilon test, 1438
Tension pneumothorax, 542t, 543, 543f
Tension-type headache, 1414-1415, 1414f, 1414t. 

See also Headache.
collaborative care for, 1416-1418
drug therapy for, 1416
nursing management of, 1418-1419

Tenting, 422t
Tentorial herniation, 1361
Terazosin (Hytrin), for urinary calculi, 1078
Teriflunomide (Aubagio), for multiple sclerosis, 

1430, 1430t
Teriparatide (Forteo), 1557
Terminology, 7-8, 7t

for electronic health records, 10-11
Terrorism, 1690-1691
Tertiary prevention, 63
Testicular cancer, 1315b, 1325
Testicular self-examination, 1325, 1326f
Testicular torsion, 1324f, 1325
Testis, 1136t

disorders of, 1323-1325
in cancer, 266t-267t, 270-271

examination of, 1229
in older adults, 1141t
structures and functions of, 1219, 1219f
undescended, 1324

Testosterone, 1136t, 1140, 1222-1223
age-related decline in, 1329, 1329f
measurement of, 1233t-1235t

Testosterone replacement therapy, 1329
Tetanus, 1468

prophylaxis for, 1468, 1680, 1681t
for burn patients, 462
for fractures, 1517

Tetany, 300, 1493
after parathyroidectomy, 1206

Tetraplegia, 1350t, 1470
Thalamus, 1339, 1339f
Thalassemia, 638t, 639-640

sickle cell disease and, 644
Theophylline

for asthma, 570t-571t, 572
for COPD, 589

TheraPEP Therapy System, 595
Thermal burns, 451. See also Burns.
Thermography, 1501t-1503t
Thermoregulation

poikilothermism in, 1473
in spinal cord injury, 1473, 1479

Thiazolidinediones, for diabetes mellitus, 1163, 
1164t

Thin blood, 30t
Thiopental (Pentothal), 343t
Third spacing, 277, 289

in burns, 457
in hypovolemic shock, 1633

Thoracentesis, 491t-493t, 494, 494f, 550
Thoracic aortic aneurysms, 841-842. See also 

Aortic aneurysms.
Thoracic cage, 478. See also Chest.
Thoracic injuries, 541-547, 542t
Thoracic surgery. See Chest surgery.
Thoracic-lumbar-sacral orthosis brace, 1556
Thoracotomy, 548, 548t. See also Chest 

surgery.
Thrills, 695, 696t
Thrombin inhibitors

direct, 851t, 852
indirect, 851-852, 851t
for venous thromboembolism, 851-852,  

851t
Thrombin time, 627t
Thromboangiitis obliterans, 840
Thrombocytes. See Platelet(s).

Tachycardia (Continued)
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Thrombocytopenia, 626, 650-653
acquired, 653
acute intervention in, 654-655
ambulatory and home care for, 655
in cancer, 265, 266t-267t
clinical manifestations of, 651, 651f
collaborative care in, 652-653, 653t
diagnosis of, 651-652, 652t
etiology of, 650-653, 650t
heparin-induced, 651, 652t-653t, 653, 852
in immune thrombocytopenic purpura, 

650-653, 652t-653t
nursing management of, 653-657

assessment in, 654t
evaluation in, 655
implementation in, 654-655
nursing diagnoses in, 654
planning in, 654

pathophysiology of, 650-653
patient teaching for, 654t
prevention of, 654
in thrombotic thrombocytopenic purpura, 651, 

652t-653t, 653
Thrombocytosis, 626
Thromboembolism

arterial, 839-840
in thromboangiitis obliterans, 840

venous. See Venous thromboembolism.
Thrombolytics

for acute arterial ischemia, 840
for acute coronary syndrome, 743f, 744t, 

751-752, 751t
for angina, 743f, 744t
contraindications to, 751t
for venous thromboembolism, 853

Thrombopoietin, 616
Thrombosis

arterial, 839-840
in thromboangiitis obliterans, 840

venous. See Venous thrombosis.
Thrombotic stroke, 1391-1392, 1391t. See also 

Stroke.
Thrombotic thrombocytopenic purpura, 651, 

652t-653t. See also Thrombocytopenia.
Thromboxane, 174, 174f
Thrush, HIV-related, 234, 234f, 236t
Thymectomy, for myasthenia gravis, 1438
Thyroglobulin, 1147t-1151t
Thyroid acropachy, 1197, 1198f
Thyroid antibodies, 1147t-1151t
Thyroid cancer, 1204
Thyroid disorders, 1195-1199, 1195f

clinical manifestations of, 1197t
diagnosis of, 1147t-1151t, 1151

Thyroid gland, 1136t, 1139, 1139f
auscultation of, 1144
in older adults, 1141t
palpation of, 1144-1145, 1145f

Thyroid hormones, 1136t
Thyroid nodules, 1204

, 1146t-1147t
Thyroid scan and uptake, 1147t-1151t
Thyroid storm, 1197-1198. See also 

Hyperthyroidism.
Thyroidectomy, for hyperthyroidism, 1199-1201, 

1199f
Thyroiditis, 1196
Thyroid-stimulating hormone, 1136t, 1137-1139

deficiency of, in hypopituitarism, 1192
measurement of, 1147t-1151t, 1151

Thyrotoxicosis, 1196-1199. See also 
Hyperthyroidism.

Thyrotropin-releasing hormone, 1139

Thyroxine (T4), 1136t, 1139
measurement of, 1147t-1151t, 1151

Tibial fractures, 1528
Tic douloureux, 1464-1465, 1464f-1465f, 

1464t-1465t
Tick bites, 437, 437t

encephalitis due to, 1384
Tick paralysis, 1688
Ticlodipine (Ticlid), for stroke prevention, 1396, 

1396b
Tidal volume (VT), 477
Tinea, 435, 435f, 436t
Tinel’s sign, 1509
Tinnitus, 379

hearing loss an, 407-408
in Ménière’s disease, 405, 406t

Tinzaparin (Innophep), for venous 
thromboembolism, 851t

Tiotropium (Spiriva), for asthma, 570t-571t
Tissue expanders, 447

for breast reconstruction, 1256-1257, 1256f
Tissue plasminogen activator (tPA). See also 

Thrombolytics.
for acute arterial ischemia, 840
for acute coronary syndrome, 750t-751t, 

751-752
for pulmonary embolism, 553
for stroke, 1398

Tizanidine (Zanaflex), for pain, 127, 128t
TLSO brace, 1556
TNM staging system, 254-255, 254t, 1247, 1247t
Tobacco use. See Smoking.
Toclizumab (Actemra), rheumatoid arthritis, 1573
Todd’s paralysis, 1421
Toe

gout in, 1577
hammer, 1552t
Morton’s, 1552t

Toenails. See Nails.
TOF assessment, 1624, 1624f
Tofacitinib (Xeljanz), for rheumatoid arthritis, 

1565t-1567t, 1573
Tolcapone (Tasmar), for Parkinson’s disease, 1435
Tolerance, 155t
Tolterodine (Detrol), for urinary incontinence, 

1089b
Tolvaptan (Samsca), 296

for cirrhotic hyponatremia, 1022
Tomotherapy, 264
Tongue, 867

cancer of, 929-930, 929t. See also Head and 
neck cancer.

examination of, 874-877
geographic, 878t
smooth, 878t

Tonic seizures, 1421
Tonic-clonic seizures, 1420
Tonicity. See Osmolality.
Tono-pen, 375, 375t
Tonsillitis, peritonsillar abscess and, 507
Tophi, in gout, 1577, 1577f
Topiramate (Qsymia)

for migraine, 1416-1417, 1417b
for obesity, 916

Toradol (ketorolac), 123t
Torsade de pointes, 799-800
Torticollis, 1500t
Total gastrectomy, 952, 952f
Total hemolytic complement, 1501t-1503t
Total iron-binding capacity, 628t
Total joint replacement. See Joint replacement.
Total parenteral nutrition. See Parenteral nutrition.
Total patient care, 5

Total proctocolectomy
with ileal pouch/anal anastomosis, 980, 980f
with permanent ileostomy, 980, 980f

Touch
assessment of, 1348
cultural aspects of, 28

Toupet fundoplication, 935
Tourniquet test, 627t
Toxic megacolon, 977
Toxic nodular goiter, 1195
Toxic shock syndrome, tampons and, 1282
Trabeculectomy, for glaucoma, 399
Trabeculoplasty, argon laser, for glaucoma, 399
Trace elements, 889, 889t

in parenteral solutions, 902
Trachea, 476

suction injury of, 1616-1617
Tracheal aspiration

in endotracheal intubation, 1618
in enteral nutrition, 899
in mechanical ventilation, 523, 1623
postoperative, 352t, 353
tracheostomy and, 510

Tracheal deviation, 488t
Tracheostomy, 507, 1613

advantages of, 507
aspiration and, 510
complications of, 511t
decannulation for, 512
definition of, 507
humidification for, 510
mini, 1662
nursing care plan for, 511
nursing management of, 508-514
percutaneous, 507
routine care in, 508-514, 508t-510t

delegation of, 518b
speaking with, 511-512, 511f-512f
surgical, 507
swallowing problems with, 510

Tracheostomy collar, 590t-591t
Tracheostomy T bar, 590t-591t
Tracheostomy tubes, 508-514

cannula for, 510, 511f
changing, 509-510, 511f
changing ties for, 509-510, 510t
cleaning of, 509
cuffed, 508t, 509

inflation/deflation of, 508t, 509
dislodgement of, 510
fenestrated, 508t, 511, 511f
insertion of, 508

emergency, 510
parts of, 507f, 508-509
removal of, 512
replacing, 510
retention sutures for, 509-510
speaking, 508t, 511-512, 511f-512f
stoma care for, 509, 510t
suctioning of, 509, 509f, 509t
types of, 507f, 508, 508t

Tracheotomy, 1613
speaking valves for, 511-512, 512f

Trachoma, 390-391
Traction, 1514-1515, 1520

balanced-suspension, 1514-1515, 1515f
Buck’s, 1514, 1514f, 1525
delegation for, 1514b
skeletal, 1514
skin, 1514
for spinal cord injury, 1476-1477, 1476f

Traction alopecia, 423, 424f
Traction diverticula, esophageal, 939f, 940
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Tractotomy, 131, 132f
Traditional Chinese medicine, 81t
Traditional healers, 26
Tradjenta (linagliptin), for diabetes mellitus, 

1163-1165, 1164t
Train-of-four peripheral nerve stimulation, 1624, 

1624f
TRAM flap, 1257, 1257f
Tramadol (Ultram), 124-126, 125t
Transarterial chemoembolization, 1028
Transcranial Doppler, 1352t-1353t

for stroke, 1395
Transcription, 192
Transcultural nursing, 24. See also Culturally 

competent care; Culture.
Transcutaneous electrical nerve stimulation 

(TENS), 132, 132f
Transduction, 116-117, 116f
Transesophageal echocardiography, 699t-703t, 705

intraoperative, 346
Transesophageal puncture, 517
Transfer belts, 1521
Transferrin, 628t
Transferrin saturation, 628, 628t
Transfusion(s), 676-680

administration of, 677-680
albumin, 676t
autotransfusions, 680, 1519
blood substitutes for, 346
blood volume expanders for, 309, 346
cryoprecipitate, 676t
delegation for, 677b
in disseminated intravascular coagulation, 659
fresh frozen plasma, 676t
for gastrointestinal bleeding, 957
hemolytic reactions in, 211-212
for hemophilia, 656-657, 656t
HIV transmission via, 232
legal/ethical issues in, 677b
packed red cell, 309
platelet, 676t

for disseminated intravascular coagulation, 
659

for immune thrombocytopenic purpura, 653
red cell, 309, 676t, 677
for thalassemia, 680

Transfusion reactions, 678-680, 678t-679t
ABO incompatibility and, 677, 678t-679t, 680
acute, 678t-679t, 680
acute hemolytic, 678t-679t, 680
acute lung injury, 678t-679t
anaphylactic/severe allergic, 678t-679t
anti-HLA antibodies and, 677
circulatory overload, 678t-679t
delayed, 679t, 680
febrile nonhemolytic, 678t-679t
massive, 678t-679t
mild allergic, 678t-679t
nursing management of, 678-680
sepsis, 678t-679t

Transhepatic biliary catheter, 1039
Transient ischemic attack, 1391. See also Stroke.

surgery for, 1396-1397
Transilluminated powered phlebectomy, 856-857
Transjugular intrahepatic portosystemic shunt 

(TIPS), 1023
Translation, 192
Translators, 32-33, 32t, 33b
Transluminal angioplasty, 1397
Transmission, of pain, 116-117, 116f
Transmission-based precautions, 231, 338
Transmyocardial laser revascularization, 753
Transplantation, 219-223

bone marrow, 274-276
for sickle cell disease, 647

cardiac, 783-784, 783t
bridge to, 784

corneal, 392
fecal, 963
fetal tissue, for Parkinson’s disease, 1436
graft-versus-host disease and, 223-224, 276
immunosuppressive therapy for, 221-223, 222t, 

223f
intestinal, 999
kidney, 1124-1126
liver, 1029
lung, 556-557
organ donation for, 146, 220, 1682
pancreatic, 1169-1170
pancreatic islet cell, 1169-1170
parathyroid gland, 1206
peripheral stem cell, 274-276

for sickle cell disease, 647
rejection in, 221, 221f
stem cell. See Stem cells, transplantation of.
tissue typing for, 219-221

Transport, to operating room, 328, 338
Transrectal resection of prostate, 1316
Transrectal ultrasonography, 1236

of benign prostatic hyperplasia, 1309
Transsexuality, health disparities and, 22-23
Transsphenoidal hypophysectomy, 1190-1192, 

1191f
Transtheoretical Model of Health Behavior 

Change, 48-49, 49t
Transthoracic needle aspiration, 491t-493t, 

493-494
Transurethral electrovaporization of prostate, 1311t
Transurethral incision of prostate (TUIP), 1311t, 

1312, 1312f
Transurethral microwave thermotherapy, for 

benign prostatic hyperplasia, 1310-1311, 
1311t

Transurethral needle ablation, for benign prostatic 
hyperplasia, 1311, 1311t

Transurethral resection of bladder tumors, 
1085-1086

Transurethral resection of prostate (TURP), 
1311t, 1312, 1312f

Transvaginal ultrasonography, 1236
Transverse fractures, 1511, 1512f
Transverse rectus abdominis musculocutaneous 

flap, 1257, 1257f
Trastuzumab (Herceptin), 273

for breast cancer, 1251t, 1252
pharmacogenetics of, 198, 199f

Trauma
abdominal, 972-973, 973t
auricular, 402-403
chest, 541-547, 541t
emergency management of. See Emergency 

management.
head. See Head injuries.
musculoskeletal, 1505-1538. See also 

Musculoskeletal trauma.
ocular, 389, 390t
renal, 1081-1082

Traumatic pneumothorax, 542-543, 542t
Trazodone (Desyrel), for insomnia, 104
Treatment

refusal of, 1469b, 1681b
right to, 1524b
withdrawal/withholding of, 146-147, 146t, 

1380b, 1618
Trelstar (triptorelin), for prostate cancer, 

1319-1320, 1319t
Tremor

flapping, 1021
in Parkinson’s disease, 1433-1434

Trench mouth, 928t
Trendelenburg position, in shock, 1647
Trental (pentoxifylline), for intermittent 

claudication, 836
Treponema pallidum, 1264
Triage, 1675-1676, 1675t, 1692
Triceps, 1349
Trichloroacetic acid, for genital warts, 1269
Trichomonas vaginitis, 1286-1287, 1286t
Tricuspid valve, 687, 687f
Tricuspid valve disease, 821t, 823
Trigeminal nerve, 1340, 1341f, 1341t

assessment of, 1347
Trigeminal neuralgia, 1464-1465, 1464f-1465f, 

1464t-1465t
Trigger point, 132
Trigger point massage, 132
Triglycerides, 696t, 698-704
Triiodothyronine (T3), 1136t, 1139

measurement of, 1147t-1151t, 1151
Trilisate (choline magnesium trisalicylate), 123t
Triple-negative breast cancer, 1246
Tripod position, 1659, 1659f
Triptans, for migraine, 1416, 1416b
Triptorelin (Trelstar), for prostate cancer, 

1319-1320, 1319t
Trochlear nerve, 1340, 1341f, 1341t

assessment of, 1347
Tropic hormones, 1138
Tropical sprue, 997-998
Troponin, cardiac-specific, 698, 699t-703t, 749, 749f
Trousseau’s sign, 300, 300f, 1145
Truvada (tenofovir), for HIV infection, 238
T-scores, 1555
Tubal patency, assessment of, 1277
Tube feeding, 897. See also Enteral nutrition.
Tuberculin skin test, 212, 478, 494t, 530
Tuberculosis, 528-532

active, 529, 529t
acute intervention in, 533
ambulatory and home care for, 533
bacille Calmette-Guérin vaccine for, 532
classification of, 529, 529t
clinical manifestations of, 529-530
collaborative care in, 530-532, 531t
complications of, 530
cultural aspects of, 528b
diagnosis of, 212, 478, 494t, 530
drug therapy for, 531-532, 531t
etiology of, 528-529
extrapulmonary, 530
in immigrants, 29
immune response in, 212
latent, 529, 529t
miliary, 530
multidrug-resistant, 528
nursing management of, 532-534

assessment in, 532
evaluation in, 533
implementation in, 533
nursing diagnoses in, 532
planning in, 533

pathophysiology of, 528-529
prevention of, 533
primary, 529
reactivation, 529
renal, 1072-1073
risk factors for, 484

Tubo-ovarian abscess, in pelvic inflammatory 
disease, 1287-1288, 1287f

Tudorza (aclidinium bromide), for asthma, 
570t-571t

Tumor(s)
benign, 253, 253t
bone, 1542-1543

Transplantation (Continued)
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of eye, 402
malignant. See Cancer.

Tumor angiogenesis, 251
Tumor lysis syndrome, 278
Tumor markers, 253

for breast cancer, 1247
Tumor necrosis factor, 207t-208t, 253
Tumor necrosis factor inhibitors, for rheumatoid 

arthritis, 1573
Tumor suppressor genes, 250
Tumor-associated antigens, 252, 252f
Tuning fork tests, 382
Turgor, skin, 293, 293f
Two-point discrimination, assessment of, 1348
Tykerb (lapatinib), for breast cancer, 1251t, 1252
Tylenol. See Acetaminophen.
Tylox. See Oxycodone (OxyContin).
Tympanic membrane, 378, 379f

disorders of, 382f, 383t
examination of, 382, 382f
perforation of, 382f, 383t, 404-405, 404f

Tympanometry, 383t-384t
Tympanoplasty, 404-405
Tympany, 875
Tyrosine kinase inhibitors, in cancer treatment, 

271-273, 272t
Tysabri. See Natalizumab (Tysabri).
Tzanck test, 425t

U
Ulcer(s), 420t

arterial, 696t, 835, 835t, 837
corneal, 391-392, 391f
Curling’s, 465
diabetic, 1183-1184, 1183f
oral, 878t, 928t
peptic. See Peptic ulcer disease.
pressure. See Pressure ulcers.
stress, 954

in ARDS, 1669
in mechanical ventilation, 1624
in spinal cord injury, 1479

venous, 696t, 835t, 857-858, 857f
Ulcerative colitis, 975-981

vs. Crohn’s disease, 976t, 977. See also 
Inflammatory bowel disease.

Ulcerative gingivitis, 928t
Ulnar deviation, 1500t
Ulnar drift, 1570-1571, 1571f
Uloric (febuxostat), for gout, 1578
Ultane (sevoflurane), 343t
Ultrafiltration, for heart failure, 773
Ultram (tramadol), 124-126, 125t
Ultrasonography

abdominal, 879t-882t
breast, 1236, 1240
Doppler

in peripheral artery disease, 835
for stroke, 1395

endoscopic, 879t-882t
of eye, 378t
intracoronary, 699t-703t, 707
neurologic, 1352t-1353t
pelvic, 1236
quantitative, 1501t-1503t

in bone density measurement, 1555
renal, 1056t-1061t

in acute kidney injury, 1105
of thyroid, 1147t-1151t
transcranial Doppler, for stroke, 1395
transrectal, 1236
transvaginal, 1236

Ultraviolet light, in phototherapy, 440
Ultraviolet radiation. See also Radiation.

melanoma and, 251, 432-433
Umbilical hernia, 996, 996f
Uncal herniation, 1361
Unconsciousness, 1360
Undernutrition, 890. See also Malnutrition.

case study of, 903b
Underweight, 907t
Universal Protocol, for surgery, 339
Unlicensed assistive personnel, 15, 1612
Unstable angina, 747, 747f. See also Angina.
Upper esophageal sphincter, 867
Upper extremity

amputation of, 1533
immobilization of, 1515-1516, 1515f

Upper gastrointestinal disorders, 924-960
Upper gastrointestinal series, 879, 879t-882t
Upper motor neurons, 1338
Upper respiratory tract

disorders of, 497-520
nasal and paranasal, 497-498
pharyngeal, 506
tracheolaryngeal, 507

structures and functions of, 475-476, 476f
Urea breath test, for H. pylori infection, 945
Urecholine (bethanecol), for GERD, 934, 934t
Uremia, 1108. See also Chronic kidney disease.
Uremic fetor, 1110
Uremic frost, 1111
Uremic red eye, 1111
Ureter, 1047f, 1049
Ureteral calculi. See Urinary tract calculi.
Ureteral catheters, 1093-1094. See also Urinary 

catheterization.
Ureteral strictures, 1081
Ureteroileosigmoidostomy, 1096f. See also Urinary 

diversion.
Ureterolithotomy, 1079-1080
Ureteroneocystostomy, in transplantation, 1126
Ureteropelvic junction, 1049

obstruction at, 1076, 1076f
Ureteroscopy, for stone removal, 1079
Ureterostomy, cutaneous, 1095, 1096f, 1096t. See 

also Urinary diversion.
Ureterovesical junction, 1049
Urethra, 1047f, 1050
Urethral catheters, 1093, 1093f. See also Urinary 

catheterization.
Urethral diverticula, 1071
Urethral stents, intraprostatic, 1311t, 1312
Urethral strictures, 1081
Urethritis, 1071

gonococcal, 1262, 1262f
nongonococcal, 1266-1267
reactive arthritis and, 1581

Urethrogram, 1056t-1061t
Urethrovesical unit, 1050
Urge incontinence, 1088t. See also Urinary 

incontinence.
Uric acid

in gout, 1576-1578, 1576t
in musculoskeletal disorders, 1501t-1503t
in polycythemia, 649
in urinary assessment, 1056t-1061t

Uric acid stones, 1077, 1078t. See also Urinary 
tract calculi.

Uricosurics, for gout, 1578
Urinalysis, 1056t-1062t, 1061-1062

in acute kidney injury, 1103-1105
in chronic kidney disease, 1111-1112
reference intervals for, 1707t
in urinary incontinence, 1087

Urinary assessment, 1051-1055
abnormalities in, 1056t
case study of, 1051b, 1053b, 1055b, 1062b
diagnostic studies in, 1055-1062, 1056t-1061t
focused, 1051b, 1055
functional health patterns in, 1052-1054, 1052t
health history in, 1051-1054, 1052t
normal findings in, 1055t

Urinary calculi. See Urinary tract calculi.
Urinary catheterization, 1092-1094

in benign prostatic hyperplasia, 1313-1314
catheters for

materials for, 1093
size of, 1093
suprapubic, 1094
urethral, 1093, 1093f

complications of, 1092
delegation in, 1093b
indications for, 1092, 1092t
intermittent, 1094
nephrostomy tubes for, 1094, 1096f, 1096t
postoperative, 360-361
in spinal cord injury, 1481
for urinary retention, 1091-1092

Urinary containment devices, 1089t, 1090
Urinary continence, 1050
Urinary disorders, 1064-1100

infectious and inflammatory, 1064-1067
in multiple sclerosis, 1429
postoperative, 360

Urinary diversion, 1086, 1095-1097, 1096t
colon conduit in, 1095
continent, 1095-1097
cutaneous ureterostomy for, 1095, 1096f, 1096t
ileal conduit for, 1095, 1096f, 1096t

appliances for, 1068, 1097-1098, 1097t, 1098f
incontinent, 1095
indications for, 1095
methods of, 1096f
nephrostomy tubes for, 1094, 1096f, 1096t
orthotopic bladder reconstruction for, 

1097-1098
patient teaching for, 1097t
postoperative management in, 1097-1098
preoperative management in, 1097
in spinal cord injury, 1481
stoma in, 1095, 1096f

care of, 1097-1098, 1098f
ureteroileosigmoidostomy for, 1096f

Urinary elimination, 1050. See also Voiding.
burning in, 1056t
control of, 1050
disorders of, 1056t
double voiding in, 1091-1092
nocturnal, 1054
painful, 1056t
scheduled

for incontinence, 1089t
for urinary retention, 1091-1092

after stroke, 1395
Urinary frequency, 1056t
Urinary hesitancy, 1056t
Urinary incontinence, 1056t, 1086-1089

in Alzheimer’s disease, 1455
biofeedback for, 1087b, 1089t
collaborative care for, 1087-1089, 1088t
containment devices for, 1089t, 1090
diagnosis of, 1087
drug therapy for, 1087-1089, 1088t, 1091t
drug-related, 1087t
in dying patients, 150t-151t
etiology of, 1086-1087
functional, 1088t

Tumor(s) (Continued)



INDEXI-64

gender differences in, 1086, 1086b
Kegel exercises for, 1090t
lifestyle modifications for, 1089-1090, 1089t
nursing management of, 1089-1092

delegation in, 1091b
overflow, 1090-1091
pathophysiology of, 1086-1087
postoperative, 1088t

in benign prostatic hyperplasia, 1314
posttraumatic, 1088t
after prostate surgery, 1318, 1321
reflex, 1088t
scheduled voiding for, 1089t
stress, 1056t, 1088t
surgery for, 1066t, 1089
types of, 1088t
urge, 1088t

Urinary obstruction, 1076-1080
benign prostatic hyperplasia and, 1309, 1313
from calculi, 1076-1080
sites and causes of, 1076, 1076f

Urinary retention, 1056t, 1090-1092
in benign prostatic hyperplasia, case study of, 

1330b
postoperative, 360
in prostatitis, 1322
in spinal cord injury, 1472, 1478-1479

Urinary stasis, calculi and, 1077
Urinary stomas, 1095, 1096f

care of, 1097-1098, 1098f
Urinary system, 1046-1063

bladder in, 1050, 1050f
defense mechanisms in, 1065
kidneys in, 1046-1049, 1047f
lower, 1046, 1047f
in older adults, 1050-1062, 1051t
structures and functions of, 1046-1050, 1047f
upper, 1046, 1047f
ureterovesical unit in, 1050
ureters in, 1047f, 1049
urethra in, 1047f, 1050

Urinary tract calculi, 1076-1080
calcium oxalate, 1077, 1078t, 1079f
calcium phosphate, 1077, 1078t
clinical manifestations of, 1077-1078
collaborative care for, 1078-1080
cystine, 1077, 1078t
diagnosis of, 1078
endourologic procedures for, 1079
etiology of, 1076-1077
gender differences in, 1077b
immobility and, 1519-1520
location of, 1077
nursing management of, 1080-1082, 1080t
nutritional therapy for, 1080, 1080t
pathophysiology of, 1076-1077
risk factors for, 1077t
staghorn, 1077f, 1078t
struvite, 1077, 1078t
surgery for, 1079-1080
types of, 1077, 1077f, 1078t
uric acid, 1077, 1078t

Urinary tract infections, 1064-1067
in Alzheimer’s disease, 1455
benign prostatic hyperplasia and, 1309
calculi and, 1077
case study of, 1098b
catheter-acquired, 1066
clinical manifestations of, 1066, 1066t
collaborative care for, 1067, 1067t
complementary and alternative therapies for, 

1068
complicated, 1065
cultural aspects of, 1065b

diagnosis of, 1066-1067, 1067t
etiology of, 1065, 1065t, 1069-1070
health care–associated, 1066, 1068
nursing management of, 1067-1070, 1068t
in older adults, 1066
pathophysiology of, 1065-1066, 1065f
pyelonephritis and

acute, 1069-1070
chronic, 1070-1071

risk factors for, 1066t
in spinal cord injury, 1478
uncomplicated, 1065

Urinary tract surgery, 1094-1097
Urinary tract tumors, 1084
Urination. See Urinary elimination.
Urine

bilirubin in, 1062t
blood in, 1056t
casts in, 1062t
color of, 1062t
formation of, 1048-1049
gas in, 1056t
glucose in, 1062t, 1147t-1151t
ketones in, 1062t
odor of, 1062t
osmolality of, 288, 1062t
pH of, 1062t
protein in, 1062t
red cells in, 1062t
residual, 1056t-1061t
specific gravity of, 1062t
white cells in, 1062t

Urine collection, composite, 1056t-1061t
Urine concentration test, 1056t-1061t
Urine culture, 1056t-1062t, 1066-1067
Urine dipstick tests, 1056t-1061t
Urine flow study, 1056t-1061t
Urine output

decreased, in acute kidney injury, 1103
postoperative, 360
in shock, 1648

Urine sensitivity testing, 1067
Urine specimen

clean-catch, 1067
collection of, 1067
storage and handling of, 1067

Urine testing, for diabetes mellitus, 1062t, 
1147t-1151t

Urodynamic studies, 1056t-1061t, 1062
in urinary incontinence, 1087

Urogram, 1056t-1061t
Urokinase. See also Thrombolytics.

for acute arterial ischemia, 840
Urosepsis, 1069-1070
Urothelium, 1050
Ursodeoxycholic acid (ursodiol), for gallstone 

dissolution, 1038
Urticaria, 211, 438t
Uterine bleeding. See also Vaginal bleeding.

abnormal, 1280-1282
Uterine fibroids, 1290-1291, 1291f
Uterine prolapse, 1300, 1300f

case study of, 1304b
Uterus, 1220-1221, 1220f
Uveal melanoma, 402, 402f
Uveitis, 401

in ankylosing spondylitis, 1580
Uvulopalatopharyngoplasty, for sleep apnea, 109

V
Vaccination. See Immunization.
Vacuum constriction devices, 1328
Vacuum-assisted biopsy, of breast, 1240
Vacuum-assisted wound closure, 181-182, 183f

Vagal nerve stimulation, for seizures, 1424
Vagina

disorders of, 1286-1287, 1286t
structures and functions of, 1221, 1221f

Vaginal bleeding, 1232t
abnormal, 1232t, 1280-1282

in cervical cancer, 1292
in ectopic pregnancy, 1282-1283
in spontaneous abortion, 1278

menstrual. See Menstrual cycle; Menstruation.
Vaginal cancer, 1296
Vaginal candidiasis, 1286-1287, 1286t
Vaginal hysterectomy, 1296t, 1297-1299, 1297f
Vaginal weight training, 1089t
Vaginectomy, 1296t
Vaginitis, 1286-1287, 1286t
Vagotomy. See also Gastric surgery.

for peptic ulcers, 949-950
Vagus nerve, 1340, 1341f, 1341t

assessment of, 1347-1348
Valacyclovir (Valtrex), for herpes simplex virus, 

1269
Valerian, for insomnia, 104-105
Valgum deformity, 1500t
Valsalva maneuver, 869

adverse effects of, 966
in elimination, 869
hemorrhoids and, 966
for neurogenic bowel, 1481-1482

Value-belief pattern, 41
Values, cultural, 23, 23t
Valvular heart disease, 820-825, 821t

aortic stenosis, 822-823
clinical manifestations of, 821t
collaborative care for, 823t, 824-825
conservative therapy for, 824-825
diagnosis of, 823, 823t
mitral stenosis, 821, 821f
mitral valve prolapse, 822, 822f, 822t
mitral valve regurgitation, 821-822, 821f
nursing management of, 825-826, 826t
pulmonic valve, 823
regurgitation in, 821, 821f
stenosis in, 821, 821f
surgical therapy for, 824-825
tricuspid valve, 823

Valvuloplasty, 824-825
Valvulotomy, mitral, 824
Vancomycin (Vancocin), for clostridial infection, 

963, 963t
Vancomycin-resistant enterococci, 229,  

229t-230t
Vanillylmandelic acid, measurement of, 

1147t-1151t
Vaprisol (conivaptan), 296
Vardenafil (Levitra), for erectile dysfunction, 1328, 

1328b
Varenicline (Chantix), 158, 158t
Varicella zoster, HIV-related, 236t
Varices

bleeding from, 940, 954, 1019. See also 
Gastrointestinal bleeding.

management of, 1024t, 1025-1026
esophageal, 940, 954, 1019, 1022-1023, 1024t, 

1025-1026
gastric, 1019, 1022-1023, 1025-1026

Varicocele, 1324-1325, 1324f
Varicose veins, 422t, 696t, 856-857
Varum deformity, 1500t
Vas deferens, 1219, 1219f
Vascular dementia, 1444. See also Dementia.
Vascular disorders, 833-862

gender differences in, 834b
Vascular endothelium, in blood pressure 

regulation, 710f, 711, 713

Urinary incontinence (Continued) Urinary tract infections (Continued)
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Vascular resistance, monitoring of, 1603t, 1604. 
See also Hemodynamic monitoring.

Vascular system. See also Cardiovascular system.
assessment of, 691-698
in older adults, 691t
structures and functions of, 689-690

Vasectomy, 1326, 1326f, 1327b
Vasodilators

for heart failure, 774, 774t, 777
for hypertension, 717-720, 717t-719t
for shock, 1643t, 1644

Vasomotor instability, in menopause, 1284-1285
Vasopressin (antidiuretic hormone). See 

Antidiuretic hormone (ADH).
Vasopressin (Pitressin)

for shock, 1643t, 1644, 1644b
for upper gastrointestinal bleeding, 955t, 1022

Vasopressors
for shock, 1642-1644, 1643t

septic, 1644, 1644b
for spinal cord injury, 1475

Vasovagal syncope, 807-808
VDRL test, 1232, 1233t-1235t, 1265
Vegetarian diet, 889
Vein(s), 689-690, 689f

in older adults, 691
reticular, 856
spider, 856
varicose, 856-857

Vein ligation, for varicosities, 856-857
Vemurafenib (Zelboraf), 198, 199f
Vena cava

inferior, 689-690
superior, 689-690

Vena cava filters, 553, 852f, 853
Venereal Disease Research Laboratory (VDRL) 

test, 1232, 1233t-1235t, 1265
Venography, peripheral, 696t
Venous blood gases, 479
Venous disorders, 847-853

clinical manifestations of, 835t
Venous insufficiency, 857-858, 857f, 858b
Venous oxygen saturation monitoring, 1609,  

1609t
Venous stasis, 847
Venous thrombectomy, 852f, 853
Venous thromboembolism, 551, 847-853. See 

also Pulmonary embolism; Venous 
thrombosis.

ambulatory and home care for, 854-856
in burn patients, 459, 463, 463t
clinical manifestations of, 849
collaborative care for, 849-853
complications of, 849
definition of, 551, 847
delegation for, 855b
diagnosis of, 850t
drug therapy for, 850-853, 851t
etiology of, 847-848
gender differences in, 848
in heart failure, 772
in musculoskeletal trauma, 1523
nursing management of, 853-857

assessment in, 853t
evaluation in, 856
implementation in, 854-856, 854t
nursing diagnoses in, 853-854
planning in, 854

pathophysiology of, 848-849, 848f
postoperative, 321, 356-357
post-thrombotic syndrome and, 849
prevention of, 849-850
risk factors for, 848, 848t

in spinal cord injury, 1473, 1475, 1478
surgery for, 852f, 853

Venous thrombosis
deep vein, 847
definition of, 847
in disseminated intravascular coagulation, 658f, 

659
renal vein, 1082
superficial vein, 847, 849

varicosities and, 856-857, 856f
in thromboangiitis obliterans, 840
in thrombocytopenia, 651

Venous ulcers, 696t, 835t, 857-858, 857f
Ventilation, 478

dead-space, 1638
mechanical. See Mechanical ventilation.

Ventilation-perfusion mismatch, 1638, 1655-1656, 
1656f

Ventilation-perfusion scan
for pulmonary embolism, 552
in respiratory assessment, 491t-493t

Ventilator alarms, 1619, 1619t-1620t, 1625
Ventilator bundle, 1668t
Ventilator-associated pneumonia, 523, 1623. See 

also Pneumonia.
in ARDS, 1668

Ventilatory demand, 1657
Ventilatory supply, 1657
Ventral hernias, 996
Ventricles

cardiac, 687, 687f
cerebellar, 1340

Ventricular aneurysms, after myocardial 
infarction, 749

Ventricular assist devices, 773, 775-776, 784, 
1612-1613, 1612f

for cardiomyopathy, 828
nursing management of, 1613-1615

Ventricular failure. See Heart failure.
Ventricular fibrillation, 794t, 800-801, 800f
Ventricular gallop, 697
Ventricular hypertrophy, 689, 768, 769f
Ventricular shunts, for malignant hydrocephalus, 

1377
Ventricular tachycardia, 794t, 799-800, 799f
Ventriculostomy

in CSF drainage, 1363
in ICP monitoring, 1361-1363, 1362f-1363f

Ventriculotomy and myectomy, 829
Venturi mask, 590t-591t
Venules, 689-690, 689f
Verruca vulgaris, 436t
Vertebrae, 1342-1343, 1343f. See also under Back; 

Spinal; Spine.
Vertebral column, 1342-1343, 1343f
Vertebral fractures, 1528-1529

compression, 1528-1529
halo vest for, 1476, 1477f, 1528

patient teaching for, 1482t
immobilization for, 1516
in osteoporosis, 1554-1555
spinal cord injury in, 1350t, 1469-1475. See also 

Spinal cord injury.
Vertebroplasty, 1528
Verteporfin (Visudyne), 398
Vertical banded gastroplasty, 917t
Vertical sleeve gastrectomy, 916, 917t, 918f
Vertigo, 379

assessment of, 379-382
benign paroxysmal positional, 406
in Ménière’s disease, 405, 406t

Very-low-density lipoproteins, 733-734

Vesicants, 261
Vesicles, 420t
Vesicoureteral reflux, 1049

pyelonephritis and, 1069
Vesicovaginal fistula, 1301
Vesicular breath sounds, 488
Vestibular system, assessment of, 379-382

diagnostic studies in, 383t-384t
health history in, 379-381, 380t

Vestibule, 1221, 1221f
Vestibulocochlear nerve, 1340, 1341f, 1341t

assessment of, 1347
Viagra (sildenafil), 1328, 1328b
Vibramycin. See Doxycycline (Vibramycin).
Vibration sense, assessment of, 1348
Vibration therapy

for ARDS, 1670, 1670f
in chest physiotherapy, 594-595
for spinal cord injury, 1476, 1477f

Vicodin (hydrocodone), 124, 125t
abuse of, 155t, 162, 163t

Victoza (liraglutide), for diabetes mellitus, 1165
Video capsule endoscopy, 879t-882t, 883, 883f
Video-assisted thoracic surgery, 491t-493t, 

493-494, 548-549, 548t
Videourodynamics, 1056t-1061t
Vincent’s infection, 928t
Vinke tongs, 1476
Violence, 1690

family and intimate partner, 1301-1302
sexual, 1301-1302
workplace, 1690

Viral encephalitis, 1381t, 1384
rabies, 1384

Viral infections, 227, 227t
cancer and, 251
hearing loss due to, 408-409

Viral load, 234
Viral meningitis, 1381t, 1384
Viral rhinitis, 500-502
Virchow’s triad, 847
Virtual colonoscopy, 879t-882t, 882
Viruses

oncogenic, 251
retroviruses, 232-233

Visceral fat, 907, 907f, 910
metabolic syndrome and, 921

Visceral pain, 118t, 119
Viscosupplements, for osteoarthritis, 1567-1568
Vision

color, 377
double, 376t

Visiting policies, in critical care, 1602b,  
1619-1620

Visual accommodation, 369, 375
Visual acuity, assessment of, 374-375, 375t, 1347
Visual fields

assessment of, 375t, 1346-1347, 1346f
defects in, 376t

in stroke, 1407, 1407f
Visual laser ablation of prostate, 1312
Visual pathways, 369, 370f
Visual system. See also Eye.

assessment of, 370b, 371-377, 374b
case study of, 372b, 374b, 377b
diagnostic studies in, 377, 378t
health history in, 371-372, 373t
in older adults, 368, 371t, 372b
physical examination in, 374-377
visual acuity testing in, 374-375, 375t

disorders of, 387-388. See also Eye, disorders of.
extraocular, 389-392
intraocular, 393-394

Venous thromboembolism (Continued)
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in older adults, 371, 371t, 372b, 374b
structures and functions of, 368-371, 369f

Vital signs, assessment of, 694
in emergency care, 1678, 1679t

Vitamin(s), 888-889, 889t
deficiencies of, 891
fat-soluble, 888-889
food sources of, 637t
functions of, 430
in parenteral solutions, 902
recommended daily intake of, 891t
water-soluble, 888-889
wound healing and, 176t, 183-184

Vitamin B12, 628t, 889t
deficiency of, 638t, 640-641, 640t

in inflammatory bowel disease, 980-981
intrinsic factor and, 941

Vitamin D, 889t
activation of, 1048
deficiency of, osteomalacia and, 1553
supplemental

for CKD-MBD, 1113
for hypoparathyroidism, 1207
for osteoporosis prophylaxis, 1285, 1555

Vitamin E, 889t
for hot flashes, 1285

Vitamin K, 889t
liver function and, 884t

Vitamin K antagonists, for venous 
thromboembolism, 850-851, 851t

Vitiligo, 422t, 423, 423f
Vitrectomy, 397

for diabetic retinopathy, 1182
Vitreous humor, 369, 369f
Voice prosthesis, 517, 517f
Voice rehabilitation, after laryngectomy, 514f, 

516-517, 517f, 519f
Voided midstream urine specimen, 1067
Voiding. See Urinary elimination.
Voiding cystourethrogram, 1056t-1061t
Voiding pressure flow study, 1056t-1061t
Volume ventilation, 1618-1619
Volutrauma, in mechanical ventilation, 1623, 

1669
Voluven (hetastarch), 309, 346
Volvulus, 983, 983f
Vomiting, 924. See also Nausea and vomiting.
Von Willebrand disease, 655-657, 655b, 655t
Von Willebrand factor, 617, 651, 655
Vulva

cancer of, 1296-1297
discharge from, 1232t
disorders of, 1286-1287, 1286t
erythema of, 1232t
lesions of, 1232t
structures and functions of, 1221, 1221f

Vulvectomy, 1296-1297, 1296t, 1299
Vulvitis, 1286-1287, 1286t
Vulvovaginitis, 1286-1287, 1286t

W
Waist circumference, 907, 907t
Waist-to-hip ratio, 907
Wake behavior, 100
Walkers, 1521
Walking

assistive devices for, 1521
with fractures, 1521

Wandering, in Alzheimer’s disease,  
1454-1455

Warfarin (Coumadin)
for atrial fibrillation, 797, 797t
pharmacogenetics of, 198, 199f
preoperative management of, 320

for pulmonary embolism, 553
for venous thromboembolism, 850-851

Warming measures, postoperative, 359
Warts

genital, 1269-1270, 1270f, 1286. See also 
Sexually transmitted infections.

plantar, 436t, 1552t
Wasp stings, 437, 437t
Water. See Fluid.
Water deprivation test, 1147t-1151t
Water-hammer pulse, 823
Waterhouse-Friderichsen syndrome, 1382
Weakness

in dying patients, 150t-151t
in myasthenia gravis, 1437-1438

Weaning
from intraaortic balloon pump, 1612
from mechanical ventilation, 1625-1627, 1626t

Weber test, 382
Weight. See also Obesity.

body mass index and, 894, 906-907, 907f, 907t
changes in, in heart failure, 771
classification of, 906-907, 907t
fluid imbalances and, 292-293
measurement of, 894-895
regulation of, 909-910, 909f

Weight loss
behavior modification for, 915
dieting for, 913-915
drug therapy for, 915-916
exercise for, 915
for hypertension, 715
for metabolic syndrome, 921-922
support groups for, 915, 920b
surgery for, 916-918, 917t, 918f
unintentional, 894
weight-reduction centers for, 908

Wenckebach heart block, 794t, 798, 798f
Wernicke’s aphasia, 1394, 1394t
Wernicke’s encephalopathy, 159-160, 160t
West Nile virus infection, 228, 1384
Wet mounts, 1233t-1235t, 1287
Wheal, 420t
Wheal-and-flare reaction, 209t, 210
Wheezes, 483, 488t

in asthma, 564
in COPD, 585

Whipple procedure, 1035-1036, 1036f
Whisper test, 382
Whispered pectoriloquy, 488
Whitaker study, 1056t-1061t
White blood cells, 614-616, 614f-615f

decreased, 660-662
in urine, 1062t

White cell count, 625-626, 626t
White cell differential, 626, 626t
White lung (whiteout), 1667, 1667f
Whole-bowel irrigation, for poisoning, 1690
Whooping cough, 522
Willis-Ekbom disease, 1427
Wilson’s disease, 1016
Window period, 235
Windup, 117
Withdrawal, 160t, 161b, 162, 162t-163t, 164

alcohol, 160-162, 160t, 162t
nursing care plan for, 161b

opioid, 134, 134t, 163t-164t, 164
sedative-hypnotic, 163t, 164
stimulant, 162, 163t

Wolff-Parkinson-White syndrome, 795
Women. See Gender differences.
Wong-Baker FACES Pain Rating Scale, 121
Wood’s lamp, 425t
Work of breathing, 1659

Workplace violence, 1690
Wound(s)

black, 178, 179t, 181
burn. See Burns.
chronic, 179
classification of, 178, 179t
cleansing of, 179, 182b
debridement of, 179, 181, 183t
drainage from, 361, 361t
dressings for. See Dressings.
hyperbaric oxygen therapy for, 182-183
infection of, 180f, 180t, 184, 361

case study of, 188b
negative-pressure therapy for, 181-182, 183f
platelet-derived growth factor for, 183
red, 178, 179t, 180-181
surgical, 361, 444
yellow, 178, 179t, 181

Wound dehiscence, 180f, 180t, 361
Wound healing, 177-178

complications of, 178, 179t, 180f
delayed, 181t
granulation in, 178, 178t, 180t
inflammation in, 177-178, 177f, 177t
nursing management of, 178-184

assessment in, 178-179, 184t
delegation in, 183b
implementation in, 179-184

nutrition and, 176t, 181t, 183-184
patient teaching for, 184
by primary intention, 177-178, 177f
psychologic aspects of, 184
rate of, 179, 181t
regeneration in, 177, 177t
repair in, 177-178, 177f
scarring in, 178, 178t. See also Scars.
by secondary intention, 177f, 178, 179t,  

180-181
by tertiary intention, 177f, 178

Wrist fractures, 1523-1524, 1524f
Wryneck, 1500t

X
Xalkori. See Crizotinib (Xalkori).
Xanthine oxidase inhibitors, for gout, 1578
Xarelto (rivaroxaban), for venous 

thromboembolism, 851t, 852
Xeljanz (tofacitinib), for rheumatoid arthritis, 

1565t-1567t, 1573
Xeloda (capecitabine), 988
Xenical (orlistat), 916
Xerophthalmia, 376t, 392

in Sjögren’s syndrome
Xerostomia. See Dry mouth.
Xgeva (denosumab), for breast cancer, 1251t,  

1252
Xolair (omalizumab), for asthma, 570t-571t
Xopenex (levalbuterol), 570t-571t

for asthma, 570t-571t
Xpert EV test, 1384
X-rays, 1499

abdominal, 879-882, 879f
lower gastrointestinal series in, 879-882, 879f, 

879t-882t
upper gastrointestinal series in, 879, 

879t-882t
chest, 491t-493t

in cardiac assessment, 699t-703t, 704, 704f
in lung cancer, 538
in tuberculosis, 530

kidney-ureter-bladder, 1056t-1061t
musculoskeletal, 1499, 1501t-1503t
skull, 1352t-1353t
spinal, 1352t-1353t
standard, 1501t-1503t

Visual system (Continued) Warfarin (Coumadin) (Continued)
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X-Stop (interspinous process decompression 
system), 1549

Xtandi (enzalutamide), for prostate cancer, 1319t, 
1320

Y
Yoga, 83b, 83f

for back pain, 1547b
Young-old adults, 64

Z
Zafirlukast (Accolate), for asthma, 570t-571t, 

571-572
Zaleplon (Sonata), 104
Zanaflex (tizanidine), for pain, 127, 128t
Zanamivir (Relenza), for influenza, 504

Zelboraf (vemurafenib), pharmacogenetics of, 198, 
199f

Zenapax (daclizumab), for transplant 
immunosuppression, 222t, 223

Zenker’s diverticula, 939-940, 939f
Zetia (Ezetimibe), 739t, 740
Ziagen (abacavir), pharmacogenetics of, 198,  

199f
Zileuton (Zyflo), for asthma, 570t-571t
Zinc, 82t

for colds, 505b
Zocor (simvastatin), 739b, 739t
Zoladex (goserelin), for prostate cancer, 

1319-1320, 1319t
Zoledronic acid (Zometa), for multiple myeloma, 

674, 674b

Zoledronic acid (Reclast), for osteoporosis, 1556
Zollinger-Ellison syndrome, 944-945
Zolpidem (Ambien), for insomnia, 104
Zonule, 369
Zoonosis, 228
Zortess (everolimus), for transplant 

immunosuppression, 222t, 223
Zoster, 436t
Zostrix. See Capsaicin (Zostrix).
Z-scores, 1555
Zyban (buproprion), 158, 158t
Zydonel (hydrocodone), 124, 125t
Zygote intrafallopian transfer, 1277-1278
Zyloprim (allopurinol), for gout, 1578
Zytiga (abiraterone), for prostate cancer, 1319t, 

1320



A B B R E V I A T I O N S

ABG arterial blood gas
ACE angiotensin-converting enzyme
ACLS advanced cardiac life support
ACS acute coronary syndrome
ACTH adrenocorticotropic hormone
ADH antidiuretic hormone
AED automatic external defibrillator
AIDS acquired immunodeficiency syndrome
AKA above-knee amputation
AKI acute kidney injury
ALI acute lung injury
ALL acute lymphocytic leukemia
ALS amyotrophic lateral sclerosis
AMI acute myocardial infarction
ANA antinuclear antibody
ANS autonomic nervous system
AORN Association of periOperative Room Nurses
APD automated peritoneal dialysis
aPTT activated partial thromboplastin time
ARDS acute respiratory distress syndrome
ATN acute tubular necrosis
BCLS basic cardiac life support
BKA below-knee amputation
BMI body mass index
BMR basal metabolic rate
BMT bone marrow transplantation
BPH benign prostatic hyperplasia
BSE breast self-examination
BUN blood urea nitrogen
CABG coronary artery bypass graft
CAD coronary artery disease; circulatory assist device
CAPD continuous ambulatory peritoneal dialysis
CAVH continuous arteriovenous hemofiltration
CBC complete blood count
CCU coronary care unit; critical care unit
CDC Centers for Disease Control and Prevention
CIS carcinoma in situ
CKD chronic kidney disease
CLL chronic lymphocytic leukemia
CML chronic myelocytic leukemia
CMP cardiomyopathy
CN cranial nerve
CNS central nervous system
CO cardiac output
COPD chronic obstructive pulmonary disease
CPAP continuous positive airway pressure
CPR cardiopulmonary resuscitation
CRRT continuous renal replacement therapy
CRNA certified registered nurse anesthetist
CSF cerebrospinal fluid
CT computed tomography
CVA cerebrovascular accident; costovertebral angle
CVAD central venous access device
CVI chronic venous insufficiency
CVP central venous pressure
D&C dilation and curettage
DDD degenerative disk disease
DI diabetes insipidus
DIC disseminated intravascular coagulation
DJD degenerative joint disease

DKA diabetic ketoacidosis
DM diabetes mellitus; diastolic murmur
DRE digital rectal examination
DVT deep vein thrombosis
ECF extracellular fluid
ECG electrocardiogram
ED emergency department; erectile dysfunction
EEG electroencephalogram
EMG electromyogram
EMS emergency medical services
ENT ear, nose, and throat
ERCP endoscopic retrograde cholangiopancreatography
ERT estrogen replacement therapy
ESKD end-stage kidney disease
ESR erythrocyte sedimentation rate
ET endotracheal
FEV forced expiratory volume
FRC functional residual capacity
FUO fever of unknown origin
GCS Glasgow Coma Scale
GERD gastroesophageal reflux disease
GFR glomerular filtration rate
GH growth hormone
GI glycemic index
GTT glucose tolerance test
GU genitourinary
GYN, Gyn gynecologic
HAI health care–associated infection
HAV hepatitis A virus
Hb, Hgb hemoglobin
HBV hepatitis B virus
Hct hematocrit
HCV hepatitis C virus
HD hemodialysis, Huntington’s disease
HDL high-density lipoprotein
HF heart failure
HIV human immunodeficiency virus
H&P history and physical examination
HPV human papillomavirus
HSCT hematopoietic stem cell transplantation
IABP intraaortic balloon pump
IBS irritable bowel syndrome
ICP intracranial pressure
I&D incision and drainage
IE infective endocarditis
IFG impaired fasting glucose
IGT impaired glucose tolerance
INR international normalized ratio
IOP intraocular pressure
IPPB intermittent positive-pressure breathing
ITP idiopathic thrombocytopenic purpura
IUD intrauterine device
IV intravenous
IVP intravenous push; intravenous pyelogram
JVD jugular venous distention
KS Kaposi sarcoma
KUB kidney, ureters, and bladder (x-ray)
KVO keep vein open
LAD left anterior descending
LDL low-density lipoprotein



LGV lymphogranuloma venereum
LLQ left lower quadrant
LMN lower motor neuron
LMP last menstrual period
LOC level of consciousness; loss of consciousness
LP lumbar puncture
LUQ left upper quadrant
LVH left ventricular hypertrophy
MAP mean arterial pressure
MD muscular dystrophy
MDS myelodysplastic syndrome
MG myasthenia gravis
MI myocardial infarction
MICU medical intensive care unit
MODS multiple organ dysfunction syndrome
MRB manual resuscitation bag
MS multiple sclerosis
MVP mitral valve prolapse
NAFLD nonalcoholic fatty liver disease
NANDA-I North American Nursing Diagnosis Association— 

International
NAP nursing assistive personnel
NASH nonalcoholic steatohepatitis
NG nasogastric
NHL non-Hodgkin’s lymphoma
NPO nothing by mouth
NS normal saline
NSR normal sinus rhythm
OA osteoarthritis
OD right eye; optical density; overdose
OOB out of bed
OR operating room
ORIF open reduction and internal fixation
OS left eye
OSA obstructive sleep apnea
OTC over-the-counter
PA posteroanterior; physician’s assistant
PAC premature atrial contraction
PaCO2 partial pressure of carbon dioxide in arterial blood
PACU postanesthesia care unit
PAD peripheral artery disease
PaO2 partial pressure of oxygen in arterial blood
PAP pulmonary artery pressure
PAWP pulmonary artery wedge pressure
PCA patient-controlled analgesia
PCI percutaneous coronary intervention
PCWP pulmonary capillary wedge pressure
PD Parkinson’s disease; peritoneal dialysis
PE pulmonary embolism; physical examination
PEEP positive end-expiratory pressure
PEFR peak expiratory flow rate
PERRLA pupils equal, round, and reactive to light and 

accommodation
PET positron emission tomography
PICC peripherally inserted central catheter
PID pelvic inflammatory disease
PKD polycystic kidney disease
PMH past medical history
PMI point of maximal impulse
PMS premenstrual syndrome

PN parenteral nutrition
PND paroxysmal nocturnal dyspnea; postnasal drip
PNS peripheral nervous system
PO, po orally
POC point-of-care
PPD purified protein derivative
PSA prostate-specific antigen
PSS progressive systemic sclerosis
PT prothrombin time
PTT partial thromboplastin time
PUD peptic ulcer disease
PVC premature ventricular contraction
RA rheumatoid arthritis
REM rapid eye movement
RF rheumatic fever
RHD rheumatic heart disease
RLQ right lower quadrant
RLS restless legs syndrome
R/O rule out
ROM range of motion
ROS review of systems
RUQ right upper quadrant
SA sinoatrial
SCI spinal cord injury
SCD sickle cell disease; sudden cardiac death
SDP sleep-disordered breathing
SICU surgical intensive care unit
SIRS systemic inflammatory response syndrome
SLE systemic lupus erythematosus
SNS sympathetic nervous system
SOB shortness of breath
STD sexually transmitted disease
STSG split-thickness skin graft
SVR systemic vascular resistance
SVT superficial vein thrombosis
TAH total abdominal hysterectomy
TB tuberculosis
TBSA total body surface area
TCDB turn, cough, and deep breathe
TENS transcutaneous electrical nerve stimulation
THR total hip replacement
TIA transient ischemic attack
TJC The Joint Commission
TKO to keep open
TPR temperature, pulse, and respirations
TURP transurethral resection of the prostate
UA unstable angina
UGI upper gastrointestinal
UI urinary incontinence
UMN upper motor neuron
URI upper respiratory infection
UTI urinary tract infection
VAD venous access device; ventricular assist device
VD venereal disease
VF ventricular fibrillation
VS vital signs
VT ventricular tachycardia
VTE venous thromboembolism
WHR waist-to-hip ratio
WNL within normal limits
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