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Motice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
author and the publisher of this work have checked with sources believed 1o be
reliable in their efforts to provide information that is complete and generally in
accord with the standards accepted at the time of publication. However, in view
of the possibility of human error or changes in medical sciences, neither the
author nor the publisher nor any other party who has been involved in the
preparation or publication of this work warrants that the information contained
herein is in every respect accurate or complete, and they disclaim all responsibility
for any errors or omissions or for the results obtained from vse of the information
contained in this work. Readers are encouraged to confirm the information
contained herein with other sources. For example and in particular, readers are
advised to check the product information sheet included in the package of each
drug they plan to administer to be certain that the information contained in this
work is accurate and that changes have not been made in the recommended dose
or in the contraindications for administration. This recommendation is of
particular importance in connection with new or infrequently used drugs.
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INTRODUCTION

Most patients admitted to hospitals today receive intravenous (1.V.) therapy. Indeed,
it is estimated that over 90 percent of all hospitalized patients in the United States
receive some form of LV, therapy. Common indications for LY. therapy include
achieving or maintaining fluid and electrolyte balance, replacing or supplementing
needed blood components, providing nutrients, and administering medications.

MNonclinicians may assume that clinicians are well versed in the initiation and
maintenance of L.V. therapy simply because its use is so widespread. As a nurse
educator with almost 200 years of teaching experience. I believe that this is not
necessarily true, particularly among novice clinicians. Rather, [ find that both
novice nurses and student nurses frequently are mystified by basic principles that
govern I.V. therapy initiation and maintenance. Even fairly simple concepts that
could be readily understood if introduced properly seem foreign to both novices
and students. For instance, in the not-so-distant past. when I supervised groups of
junior- and senior-level nursing students enrolled in clinical medical/surgical
practicum experiences, we would end our clinical practice days with the sacrosanct
postconferences, which are informal seminar discussions typically mandated in
most nursing curricula. During the course of any given term, | made certain that at
least one postconference was devoled to basic principles of LY. solutions. It was a
sobering experience to find that most students could not readily identify the
differences between crystalloid and colloid solutions, and few even understood
differences among types of blood components and their indications beyond the use
of packed red blood cells.

Although these nursing students whom [ supervised in clinical practice had
numerous resources on LV, therapy at their disposal, those resources tended to
be scattered among multiple sources. For instance, “cookbook™ information on
recommended steps to initiate and maintain IV, therapy could be found in these
students’ “fundamentals™ textbook, whereas information on blood component

Copyright & 2008 by The MeGraw-Hill Companies, Inc. Chck here for terms of use.



xii L.V. Therapy Demystified

therapy typically was found in the “medical/surgical™ textbook, and information
on LV, medications could be found in the “pharmacology™ or “drug guide”
texthooks.

There are indeed some excellent comprehensive textbooks on LV, therapy
that are available for purchase and review. However, those textbooks are almost
too all-inclusive for the nursing student or the novice nurse to digest. A book
that clearly identifies basic tenets that puide LV. therapy for novice nurses
and student nurses isn't available, and most novices learn these principles by the
old and somewhat scary “OJT" (i.e.. on-the-job training} method, which is, at
best, spotty!

The intent behind the writing and publication of this book is to fill that gap and
to provide a readily understandable basic resource on 1.V, therapy for student and
novice nurses. Most of the content contained in these chapters is derived from
content that 1 delivered over a series of postconferences held with my former
medical/surgical nursing students. These students generally found the content
helpful, and many continued to stay in touch with me for years after graduation and
affirmed that 1 gave them essential content that they continued to apply to their
everyday practice.

This book 1s not a comprehensive treatise on V. therapy. For instance, there is
no chapter devoted to chemotherapeutic agents. Only nurses who are well versed
beyond the level of novice should be delivering 1.V, chemotherapeutic agents. This
book is written strictly for novices and students so that they may better understand
basic principles of LV. therapy.

A LOOK INSIDE

Each chapter in this book contains basic information that may help novice and
student nurses to deliver LV, therapy more competently to their patients in their
daily practices. Each chapter begins with a set of novice-level Learning Objectives
that outline the important concepts the reader should focus on learning. Some
important concepts are immediately reinforced through fill-in-the-blank “Speed
Bumps.” Each chapter is written so that the concepts are easy to comprehend.
Each chapter is also written succinctly so that busy students and novices may
readily digest the concepts. Several multiple-choice questions are included at the
end of each chapter so that readers may try to confirm that they can synthesize
key content of the chapter. These multiple-choice items are written to mimic
nursing board examination (i.e., NCLEX-RN} items and constitute another useful
feature that may help nursing students better prepare to take that important
examination successfully.
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Chapter 1: Introduction to Intravenous Therapy

Chapter 1 “sets the stage” for the remainder of the book: It is the introductory
chapter to LV. therapy. Intravenous therapy is identified as a type of infusion
therapy. The roles and responsibilities of nurses who care for patients receiving
LV. therapy are identified, as are the competencies that nurses must possess to attain
specialty certification in 1.V. therapy. Indications for patients to receive LV. therapy
are identified. Although LV. therapy is commonly indicated for today's hospitalized
inpatients, it is a relatively new phenomenon. Thercfore. the historical evolution of
LV. therapy is also discussed in this chapler.

Chapter 2: Fluids and Electrolytes

To be able to understand principles of L.V, therapy. nurses must understand basic
principles of fluid and electrolyte balance. Therefore, this chapter is a primer of
important basic concepts of fuids and electrolytes. Normal composition of fluids
and electrolyies in the intracellular and extracellular compartments are identified.
Physiologic mechanisms that maintain Muid and electrolyte balance are discussed.
Properties that define isotonic, hypotonic, and hypertonic solutions are presented,
as are properties of key important physiologic electrolytes, which include sodium,
chloride, potassium, magnesium, calcium, and phosphorus. Intravenous therapy
indications for treatment of disturbances of fluids and electrolytes are also
described.

Chapter 3: Intravenous Therapy Delivery Systems

This chapter identifies typical LV, delivery systems and contains several accompa-
nying figures that display key features of LV, delivery systems. The reader is in-
troduced to LY. therapy containers, infusion sets, administration sets, and pumps.
Commonly used terms used in practice, including spiking and priming, are
defined and their usages discussed. Finally, methods to manually calculate LV, drp
rates with a variety of administration sets are described, with several exemplar
problems.

Chapter 4: Peripheral Intravenous Therapy

Chapter 4 is devoted exclusively 1o the peripheral route of LV. therapy and clearly
identifies indications for initiating and maintaining this route of infusion. Some
chapters in this book tend to be more theoretical (e.g.. Chapler 2), whereas others
are practical “how to” chapters. Chapler 4 falls into the latter category. Steps that
may be followed to initiate a peripheral LV. line are included in this chapier.
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Peripheral venous access devices are compared and contrasted in terms of their
design features and their preferred indications for usage. Methods that may help to
provide stability to LV, access devices are described. Steps for how to change an
LV. infusion set, change am LV. access-site dressing. and discontinue an
administration setup are all included in this chapter.

Chapter 5: Central Intravenous Therapy

This is another “how to” chapter. Whereas Chapter 4 targets the how-tos of
peripheral LV, therapy. Chapter 5 targets the key how-tos of central LV, therapy.
Indications for delivering 1.V, therapy by the central route rather than the peripheral
route are identified. Commonly used access devices to deliver central L'V, therapy
are compared and contrasted in terms of their design features and their indications;
they include peripherally inserted central catheters (PICCs), tunneled central venous
catheters, percutaneous central venous catheters, and implanted ports. Adverse
events associated with the use of these devices are also described. Steps for how to
insert a PICC line and how to discontinue a PICC line or a nontunneled central
access line are also described.

Chapter 6: Intravenous Therapy and the Nursing Process

The principles described in Chapter 6 are probably the most important in the book
because they describe the applicability of the steps of the nursing process for nurses
who care for patients who receive L'V. therapy. The interplay between actual and
potential mursing diagnoses, nursing outcomes. and nursing interventions for
patients receiving LV. therapy are described in a user-friendly., generic format. The
reader can readily tailor these guidelines individually when crafting care plans for
patients receiving LV. therapy.

Chapter 7: Crystalloid Solutions

This chapter targets crystalloid 1.V, solutions exclusively and identifies characteris-
tics of the composition of varous types of crystalloid solutions, including those that are
primarily sodium-based. those that are primarily dextrose-based, and those that
contain a complex mixture of electrolytes. The chapter contains information that
enables the reader to distinguish among isotonic, hypotonic, and hypertonic crystal-
loid solutions. The chapter also discusses physiologic responses that occur when
crystalloid solutions are infused and indications for selection and maintenance of
commonly prescribed crystalloid solutions.
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Chapter 8: Colloid Solutions

Chapter 8 mirrors the format of Chapter 7 but targets colloid solutions rather than
crystalloid solutions. Colloid solutions are compared and contrasted with crystalloid
solutions. Characteristics of the composition of various types of colloids are described,
including those that are nonsynthetic and those that are synthetic. The indications for
the use of albumin, plasma protein fraction (PPF), Hespan, dextran, and gelatins are
described, as are common adverse events associated with their use.

Chapter 9: Blood Component Therapy

Chapter 9 describes indications for commonly transfused blood components and
their most commonly associated adverse events. This chapter contains both
theoretical content and “how to™ application pieces. Blood components described
include whole bloed, packed red blood cells (PRBCs), fresh-frozen plasma (FFP),
platelets, immunoglobulins, and clotting factors (e.g., cryoprecipitate). Steps for
how to ensure the safe delivery of blood component LV, therapy are described.

Chapter 10: Parenteral Nutrition Therapy

Chapter 10 targets principles of parenteral L'V, therapy and has a format similar to
that of Chapter 9 in that it contains both theoretical information and “how to”
information. Indications for delivering nutrients parenterally are described, and
commaon types of parenteral solutions are compared and contrasted, including total
parenteral nutrition (TPN) solutions, total nutrient admixtures (TMAs), and fat
emulsions. Continuous and cyclic methods of delivering parenteral nutrition are
compared and contrasted, as are indications for using central versus peripheral
access routes. There are many adverse events that may be associated with the
delivery of parenteral LV. therapy, and the most common of these are described.
Steps for how to initiate, monitor, and discontinue parenteral LV, therapy are each
clearly described.

Chapter 11: Intravenous Pharmacologic Therapy

There are many resources to which student and novice nurses may refer for
administering I.V. medications. There are textbooks devoted exclusively to this
topic. In addition, most “drug guides” for nurses contain a plethora of information
on LY. medications wnder each individually listed agent, including mode of
delivery, medication and solution compatibilities and incompatibilities, and
recommended delivery intervals. This book certainly does not address all those
minute details. What this book does provide is a succinct yet salient overview of
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important practical concepts that the nurse must understand in order to deliver
V. medications safely and effectively. In addition, the prototype drugs for the
class of 1.V. medications that are prescribed most commonly are listed in one
convenient table that provides an overview of key administration guidelines and
important incompatibilities.

Chapter 12: Intravenous Therapy and Infants and Children

Chapter 12 provides a concise overview of key differences betwean administering
LV, therapy to infants and children and administering to adults. The chapter
compares and contrasts LV, delivery systems, LV. access devices, and LV, solutions
indicated for use in infants and children with those commonly used in adults. Basic
competencies that the nurse must master to deliver LY. therapy safely and effectively
to infants and children are identified. Although this is an L.V. therapy book, this
chapter identifies and briefly describes alternate infusion access sites that are used
commonly in children and infants, including intransseous sites and umbilical veins
and arteries, respectively, so that student and novice nurses may glean a basic
understanding of their indications.

Chapter 13: Intravenous Therapy and the Older Adult

Chapter 13 is formatted so that it mirrors Chapter 12. It is another chapter that
targets a special population that may receive L'V. therapy, the older adult. Initiating
and maintaining L'V. therapy in older adults can pose unigue challenges. Age-related
physiologic changes that dictate changes in selection and maintenance of LV, access
sites and selection and delivery of solutions are described. This chapter also
identifies and briefly describes an alternate infusion delivery method that may be
used in the older adult: hypodermochysis.

Chapter 14: Intravenous Therapy
within Community-Based Settings

The use of L.V. therapy as a therapeutic option has increased not only in the inpatient
environment but also in the outpatient environment. It has become common that
patients {ie., clients) in community-based settings receive LV. therapy. This
chapter provides a brief overview of community-based settings where L.V. therapy
may be delivered and identifies the role of the nurse in terms of ensuring safe and
effective delivery of LV, therapy within these settings. Community-based nurses
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spend much time and many resources teaching patients and families how to care
for themselves safely and effectively. Thus the role of the nurse in teaching these
patients and families how to deliver L.V, therapy safely and effectively and maintain
vascular access sites is described.

Reference

1. Corrigan AM: History of intravenous therapy. In Hankins J, Lonsway
RA, Hedrick. C, et al. (eds.): Infusion Therapy in Clinical Practice, 2nd ed.
Philadelphia: Saunders, 2001.



CHAPTER 1

Introduction to
Intravenous Therapy

Learning Objectives

After completing this chapter, the learner will

. Define infusion therapy and intravenows (LV.) therapy and distinguish
between them.

2. Describe the historical evolution of L'V, therapy.

3. Recognize the nurse’s role and responsibility in ensuring safe and competent
delivery of L'V. therapy.

&. Appreciate the basic requirements to attain specialty certification in
infusion therapy.

8. List common indications for initiating 1.Y. therapy.

Copyright & 2008 by The MeGraw-Hill Companies, Inc. Chck here for terms of use
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,_a Key Terms

Infusion therapy
Parenteral
LV. therapy

Therapy Defined

2 Intravenous (I.V.) therapy is sometimes more broadly referred to as infusion
therapy. These terms are not exactly synonymous, however. Infusion therapy is
defined as the parenteral infusion of fluids, electrolytes, blood components, nutrients,
or medications to prevent or treat deficiencies or diseases. The term parenteral
refers to a route of administration of a therapeutic agent, and the parenteral route of
administration is any route other than one that involves the gastrointestinal tract
(e.g.. oral or rectal route) or a topical route {e.g., optic or dermal route). Infusion
therapy may be dispensed by 1.V., subcutaneous, intraosseous, or intrathecal routes
of administration. LV, therapy is a type of infusion therapy that is confined to
administration of fluids, electrolytes, blood components, nutrients, or medications
by the I.V. route.

Sreen Bumr

is defined as the parenteral infusion of fluids, electrolytes, blood
components, nutrients, or medications to prevent or treat deficiencies or diseases.

Historical Evolution of I.V. Therapy

2 Although a very common therapy today, LV. therapy was used rarely as a
treatment option until close to the middle of the twentieth century. The role of
nurses in initiating and maintaining L.V, therapy, while unquestioned now, was not
established until after the end of World War I1.!

The first known attempts at establishing LV. therapy occumred during the
Renalssance with attempts to transfuse either animal blood to humans or presumably
noncrossmatched blood from human to human. Not surprisingly, the results tended
to be lethal. As a result, the practice of transfusing blood was banned in Europe for
a considerable time following the demise of several test subjects, including a pope.®
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In the 1830s, a lethal strain of cholera wracked much of Europe. This type of
cholera was called “Russian cholera,” for the supposed country of its origin, or “blue
cholera,” for the dusky cyanotic complexion of its victims. It was associated with
severe diarrhea and dehydration. A 22-year-old Scottish physician, William Brooke
O’ Shaughnessy, hypothesized that the primary cause of death in persons who
succumbed to blue cholera was a deficiency of fluids and elecirolyies. He postulated
that replacing these deficient Auids and electrolytes in a solution infused in the
patients’ veins could be effective and possibly lifesaving therapy. A physician
colleague of Dr. O’ Shaughnessy, Thomas Latta, was the first to implement this then-
novel therapy with blue cholera patients, and he reported that although not all patients
survived. the outcomes were nonetheless much improved. This new practice was
ridiculed by most of Dr. O’ Shaughnessy's and Dr. Latta’s physician conlemporaries,
who were more inclined to practice traditional medical therapies, including blood
letting with leaches and inducing emesis.”* Nonetheless. this marked a sentinel event
generally recognized in health science as the advent of 1.V, therapy.

Toward the end of the nineteenth century, saline- and glucose-based L V. solutions
were used to treat the critically ill. Although the primitive LV. delivery systems
used during this period were designed to be reusable, a new understanding of the
role of microbial organisms in the transmission of diseases meant that these systems
were sterilized between patients. These delivery systems were cumbersome and
difficult to use and maintain. For instance, these systems typically included steel-
tipped LV. needles that were taped in place once 1.V, access was oblained. These
LV, access needles then were connected (o tubing that led to open glass cylinders
filled with solution and covered with sterile gauze* Many complications were
associated with this type of L'V, system that are difficult to appreciate today. For
instance, it was difficult to maintain system asepsis, infiltration into the surrounding
tissues occurred frequently after 1LV, access was initinted, and maintaining prescribed
solution administration rates required o great deal of vigilance and time. Because
these delivery systems were primitive and fraught with difficulties, only the most
moribund patients were prescribed LV, therapy in the early decades of the twentieth
century. As a result, the initintion and monitoring of LV, therapy during this period
of time were wholly within the domain of the physician and remained so for the
next several decades.'

Duwring the early twentieth century, medical science first appreciated the significance
of antigen-antibody reactions, ABO blood types, and Rh factor compatibility, thus
paving the way for effective and safe transfusion of blood and blood component
products. Blood transfusion therapy made its greatest scientific strides during World
War [I, providing lifesaving treatment to young soldiers, seamen, nirmen, and marines
who suffered traumatic injuries.” On the heels of these advances, with the rise of the
science of anesthesiology during the worldwide poliomyelitis pandemic, LV. access
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sites began to be used more commonly as a quick and convenient route to administer
a variety of medications. LV, delivery systems became single-use disposable systems
that were easier o initiate and use. Over-the-needle catheter LV, access devices were
designed that infiltrated less frequently than the needle-based LY. access devices, LY.
delivery systems were designed as “closed systems” with secure wbing connections
and quality-controlled drip regulators that led to closed bottles that contained sterile
solution. Delivery of medications by syringe bolus methods (Le., LV. push), LV
“piggyback”™ methods, and continuous LV, infusions became easy to achieve and
therefore more commonplace.

With the introduction of higher-quality closed delivery systems, physicians
began to prescribe LY. therapy more commonly to patients who were not necessarily
moribund. As more and more physiologically stable patients received LV, therapy,
physicians began to delegate the responsibility to monitor patients receiving LV,
therapy to nurses. By the latter half of the twentieth century, state medical boards
consented that initiation of peripheral L'V, access was a procedure that could be
shared with professional nurses.!

Until the 1960s, the complement of nutrients present in any LV, solution was
nol sufficient to meet daily caloric and other nutritional requirements. It was a
common observation that patients with critical illnesses and patients with
debilitating chronic illnesses were unable to consume sufficient nutrients orally
and lost lean muscle mass. Loss of lean muscle mass. in turn, resulted in
susceptibility to infections and poor wound healing® Total parenteral nutrition
(TPN) LV. solutions were introduced in the late 1960s to provide a source of
essential nutrients and calories to these patients.”

I.V. Therapy Today

LV, therapy is a very commonplace therapeutic treatment today. Indeed, it is
estimated that over 90 percent of all hospitalized inpatients in the United States are
recipients of L.V, therapy.® Moreover, LV. therapies are not restricted to the inpatient
hospital environment. L'V, therapies are prescribed and wsed commonly in same-
day surgery centers, long-term care facilities, outpatient clinics, and home health
settings. #3% The nurse is typically the professional wheo is responsible for
maintaining, monitoring, and evaluating the effectiveness of L'V, therapy. The nurse
is frequently also responsible for gaining LY. access and initiating infusions. In
many nursing practice settings, a great deal of the nurse's time and professional
responsibility revolve around competent delivery of LV, therapy. Therefore, it is
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vitally important that today’s nurses understand at least the basic principles of LY.
therapy. The nurse responsible for ensuring safe and effective LY. therapy must
be capable of the following:

* Understanding the basic principles of fluid and electrolyte balance
= Selecting and maintaining appropriate LV. delivery systems

+ Recognizing common principles that guide the initiation and maintenance
of peripheral and central LV, access sites

+ Formulating common nursing diagnoses, identifying common nursing
outcomes, and ensuring appropriate nursing interventions for patients
receiving 1.V, therapy

= Differentiating common crystalloid solutions, colloidal solutions, blood
component products, and parenteral nutritional therapy solutions in terms
of indications for their use and key adverse events associated with their use

* [Identifying principles that guide competent and safe administration of
medications via the LV, route of delivery

= Recognizing basic principles that guide competent and safe administration
of LV. therapy in special populations. including pediatric and gerontologic
populations. as well as populations in community-based settings

This book provides a broad overview of these basic principles of 1.V, therapy that
can help puide the nurse in many practice settings. Nurses who wish to master
advanced principles of L'V. therapy are encouraged to familiarize themselves with
guidelines for LV, therapy promulgated by the Infusion Nurses Society.” Infusion
nursing is considered a specialized area of clinical practice. & Nurses who
choose to hone advanced skills within this practice area may be eligible to take the
Certified Registered MNurse Infusion (CRNI} certification examination that is
developed and administered by the Infusion MNurses Certification Corporation
{(INCC). a subsidiary of the Infusion Nurses Society. In order to be eligible to take
this examination, a registered nurse must demonstrate active licensure and at least
1600 hours of clinical practice in infusion therapy within the 2 years that precede
taking the examination.”

Indications for I.V. Therapy

8. Indications for LV, therapy include achieving or maintaining fluid and electrolyte
balance, replacing or supplementing needed blood components, providing nutrients,
and administering medications.
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FLUID AND ELECTROLYTE BALANCE

Dehydration is a common indication for L'V, therapy. When patients lose body fluids
in excess of fluid intake, not only may dehydration occur, but key electrolytes that
serve to maintain homeostasis and serum osmolality also may become disrupted.
Replacing fluids in patients who are dehydrated, therefore, is not a matter of merely
replacing lost vascular volume. Not only must Auids be restored to the vasculature,
but electrolyte levels also must be assessed and possibly treated as well.

Many times patients are given LY. fuids to prevent a loss of fluids or electrolytes.
For instance, the vast majority of surgical patients have LV. fluids administered
intraoperatively to maintain fluid balance. Likewise, during the postoperative
period, when patients are not able to take oral Auids {ie., they are NPO), LV. fluids
are administered to preserve fluid balance. Chapter 2 provides an overview of the
role of LV. therapy in preserving fluid and electrolyte balance.

BLOOD COMPONENT THERAPY

The earliest recorded efforts to commence L.V, therapy revolved around attempts
o administer blood component products. Although these efforts were not effective
for several centuries, this changed with the recognition of ABO blood typing and
Rh factors. Once type and crossmatching of blood component products became
readily available, the use of blood component products became commonplace,
first with the transfusion of plasma, followed closely by the transfusion of other
blood component products.” It is now commonplace therapy to ransfuse packed
red blood cells, fresh-frozen plasma, platelets, and clotting factors depending on
their indications and demonstrated therapeutic effectiveness. For the most part,
these transfusions are administered when a patient begins to exhibit clinical
manifestations of a deficiency of the given blood component product. Chapter 9
provides a more comprehensive discussion of indications for transfusion of various
blood component products.

Sreen Bumr

Common blood components that may be transfused include
[fresh-frozen plasma, platelets, and clotting factars.

PARENTERAL NUTRITION

Parenteral nutrition is a relatively new indication for LV, therapy. Parenteral
nutrition was not considered possible without causing serious and potentially lethal
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adverse effects until well into the 1960s.” Parenternl nutrition now is a safe and
therapeutic treatment option for many patients, There are now a host of indications
for parenteral therapy, and parenteral nutrient solution composition is determined
individually to meet each patient's nutritional needs. In general, parenteral solutions
tend to include nutrients that include electrolytes, dextrose, amino acids, vitamins,
and various trace elements. These solutions are referred o as rotal parenieral
nutrition (TPN), Most patients receiving TPN also require supplemental intravenous
fat emulsions (TVFEs) to provide essential fats. There are also solutions referred to
as fotal nuirient admixture (TNA) solutions that provide a nutrient mix that includes
electrolyles, dextrose, amino acids, vitamins, trace elements, and fats. The
concentration of nutrients in these solutions, including TPN solutions, IVFEs, and
TNA solutions, is determined in part by the choice of 1.V. delivery route. In general,
the solutions are less concentrated when they are delivered by a peripheral LV.
route and are more concentrated when delivered by a central LV. route. Chapter 10
provides a more complete overview of types of TPN, IVFEs, and TNA solutions
and delivery routes.

Although TPN is an effective method to deliver nutrients to patients who cannot
take nutrients orally, it is generally considered an inferior route of feeding to the
enteral route.*

MEDICATION THERAPY

The last common indication for LY. therapy is to ensure the effective delivery of
pharmacologic agents. Some paotienis require continuous LV, infusions of
medications such as vasopressors (e.g., dopamine [Intropin] and norepinephrine
[Levophed]). Others may require intermittent infusions of medications in LV,
solutions that can be “piggybacked” into their main LV, lines, such as antibiotics
(e.g., cefuzolin [Ancel]), Some patients may need bolus doses of medications on an
intermittent or as-needed basis, such as diuretic agents (e.g., furosemide [Lasix]).
In some instances, patients with unstable physiologic status may have an LV, access
site sel up “just in case” so that medications may be administered rapidly if there is
an emergent or urgent indication (e.g.. amiodarone |Cordarone| and epinephrine).
In other instances, patients may have a chronic illness and require intermittent
infusions of medications, and placing an 1.V, nccess site into these patients that may
be capped prevents their undergoing the trauma of repeated venipunciure to gain
LV. access. Chapter 11 provides 2 more complete overview of indications for LV.

pharmacologic therapy.
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Summary

LV. therapy is not a new therapeutic option (o treat patients with a potential or
actual deficiency in fluid and electrolytes. blood components, or nutrients or in
need of medications. However, technological and scientific advancements over the
course of the past few decades have resulted in a marked increase in the use of LV.
therapy. Most hospital inpatients and many patients in ambulatory and outpatient
settings are prescribed LV, therapy. There are a multitude of LY. delivery systems,
access sites, and solutions that the competent nurse must be comfortable using to
deliver safe and effective care of patients receiving 1.V, therapy.

Quiz
. The parenteral route of administration includes which of the following routes:
(a) Intravenous
(b} Oral
() Rectal
{d) Optic

2. Infusion therapy includes all but which of the following routes of infusion?
(a) Intravenous
(b} Subcutaneous
{ch Alimentary
(d} Intrathecal

3. The professional organization that is responsible for developing and
administering the Certified Registered Murse Infusion (CRNI) examination
is the

(a) American Nurses Association,
(b} Infusion Nurses Society.
(e} Infusion Nurses Certification Corporation.

(d) American Nurses Credentialing Center.
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4. Common indications for LY, therapy include
{a) treating fatigue.
{b) preventing diarrhea,
(c) treating dehydrmtion.
(d) treating gastroenteritis.
5. Administering blood component products became more successful and
hence more commonplace with the discovery of
{a) ABO blood types.
(b} blood product—compatible solutions.
(c) specialized blood component product delivery sysiems.
(d) platelet antigen-antibody crossmatching methods.

6. Administration of L.V, medications may be achieved by all bur which of the
following methods?
{a) Continuous drp
{b) Gastric infusion
{c) Intermittent drip
(d) “Piggyback" infusion



CHAPTER 2

Fluids and
Electrolytes

Learning Objectives

After completing this chapter, the learner will

1.  Compare and contrast the normal composition of Auid and electrolytes in the
intracellular fluid compartment with the extracellular fluid compartment.

2. ldentify common passive transport, active transport, and physiologic
homeostatic mechanisms that maintain fluid and electrolyte balance.

3. Describe isotonic, hypotonic, and hypertonic solutions.

&. Explain the role of key electrolytes, including sodium, chloride, potassium,
magnesium, calcium, and phosphorus, in maintaining cellular and systemic
function.

Copyright & 2008 by The MeGraw-Hill Companies, Inc. Chck here for terms of use
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/8. Recognize common causes and clinical manifestations of disturbances in
sodium, chloride, potassium, magnesium, calcium, and phosphorus balance.

f6. Describe common intravenous therapies indicated to treat disturbances in
sodium, chloride, potassium, magnesium, calcium, and phosphorus balance.

"_‘ Key Terms

Interstitinm Diffusion
Cations Osmosis
Anions Tonicity

The human body is composed primarily of various fluids and electrolytes.
Whenever there is some type of disruption in fluid balance or a disturbance in the
normal levels of electrolytes, many different treatments and therapies may be
indicated. Intravenous (L'V.) therapies are used quite commonly as one means to
correct fluid and electrolyte abnormalities.

Body Fluids

Water comprises approximately 60 percent of total body weight in a normal-sized,
healthy adult male. In general, fat contains less water than muoscle. Therefore,
people who are overweight have a lesser proportion of water that comprises their
body weight. Similarly, women, children, and the elderly all tend to have less
muscle mass than healthy adult men, and therefore, their bodies proportionately
have less water. Those people with less water weight are susceptible to dehydration
more quickly when stressed or ill because they have less reserve fluid.?

Daily fuid intake and output are approximately equivalent in healthy people.
The average adult drinks 2-2.5 L of fluid daily, and normal digestion of foods and
metabolism of their notrients result in an intake of an additional 200-300 mL of
water. The kidneys excrete 1.5-2 L of fluid (as urine) daily, approximately 300 mL
of fluid is lost through bowel movements, and approximately 600 mL is lost via the
skin and respiratory tract on a daily basis."
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Fluid Compartments

Body tissues and individual cells are bathed continuously in a milieu interieur," or
internal environment, of Auids that are composed primarily of water, electrolytes,
molecular nutrients, macromolecules, and gases. This internal environment exists
in three distinet spaces that include the intracellular, interstitial, and intravascular
compartments, which are displayed in Fig. 2-1. The fluids in each of these
compartments characteristically differ from each other in composition.

INTRACELLULAR FLUID

A Approximately two-thirds of all bodily fluids reside within the body’s cells.
The intracellular fluid (ICF) compartment is separated from the extracellular fluid
(ECF) compartment by the cell membrane. The fAuid within the cell is a tad bit more
acidic than the fluid in the external environment. The cell membrane is porous, or
semipermeable, so that water may pass easily through either side of this membrane.

Heor

eapliany

Lymphesiz
capilary

N

Figure 2-1 Body water moves between the intracellular Auid (ICF) compartment and
the extracellular Auid (ECF) compartment, which includes the interstitial and intravascular
spaces. (Reprinted with permission from Nowak TI, Handford AG: Essentialy of
Pathophysiologv: Concepis and Applications for Health Care Professionals, 2nd ed.
Boston: WCB/McoGraw-Hill, 1990:406.)
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However. most electrolytes. nutrients, and molecules cannot pass readily through
the cell membrane but may enter or exit selectively through active transport
mechanisms that include port systems and pump systems. For instance, most of the
body's potassium at any point in ime resides within body cells, whereas most of the
body's sodium at any point in ime lies outside the cells’ interior environment. This
is 50 because the sodium-potassium pump ensures that most of the sodium is
pumped out of the cell, whereas most of the potassium is pumped into the cell.®

EXTRACELLULAR FLUID

The extracellular fluid (ECF) compartment includes any body fluid that does not
exist within the body cells. This fluid accounts for one-third of all body Auid. ECF
compartments are further subdivided into interstitial fluid and intravascolar fAuid
compartments.

Interstitium

The interstitium, otherwise referred to as the interstitial space or the third space,
contains fluid that bathes the exterior of body cells but does not lie within a
vascular compartment. Vascular compartments include major blood vessels such
as arteries and veins and microvasculature such as distal capillaries. The fluid in
the interstitium resembles Auid within the vascular compartment except that in a
normal, healthy state it does not contain any red blood cells or platelets and very
few white blood cells and little albumin. There is a considerable volume of body
fluid that resides within the interstitium because it accounts for 80 percent of ECF
volume.” Fluid and electrolytes may shift into and out of the interstitium from the
ICF across the cellular membrane and from the vasculature across the capillary
membrane.

Intravascular

Blood is the fluid that is contained within the intravascular compartment. In a
normal-sized, healthy adult, blood is composed of 40 percent cells, including red
blood cells (Le.. erythrocytes). white blood cells (i.e.. leukocytes), and platelets
{i.e., thrombocytes). The remaining 60 percent balance of blood that is not composed
of cells is called plasma and contains water, electrolytes, and various macromolecules,
including fibrinogen, globulins, and albumin. Plasma accounts for only 20 percent
of all the ECE Albumin is the macromolecule that is primarily responsible for
maintaining colloidal osmotic pressure (COP). The COP must be maintained within
a certain discrete range so that normal volumes of plasma can be maintained within
the vascular compartment and will not diffuse into the interstitium.®
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Electrolytes

Simply stated, efecirolytes are chemical ions that are important in maintaining
organic function. The concentration of electrolytes is measured in milliequivalents
per liter of Auid (i.e., mEg/L). Electrolytes carry an electrical-like charge, called an
ionte charge, that may be either positive or negative. In general, positively and
negatively charged ions may attract each other. bond, and form salts. For instance,
when sodium (i.e., Na*) meets chloride (i.e., Cl). they form sodium chloride (i.e.,
NaCl). otherwise known as fable salt. On the other hand, two positively charged
ions that meet will repel each other, as will two negatively charged ions.

CATIONS

Electrolytes in body fluids that are positively charged are called eations. The most
common cations include sodium (i.e., Na*). potassium (i.e., K*), caleium (i.e., Ca®),
and magnesium (i.e., Mg*). As noted previously, sodium is the major extracellular
electrolyte, whereas potassium is the major intracellular electrolyte.

ANIONS

Body Auid electrolytes that are negatively charged are called amions. The most
common anions include chloride (i.e., CI), bicarbonate {i.e., HCO ), and phosphate
(i.e.. PO). Chloride and bicarbonate are the major extracellular anions. and
phosphate is the main intracellular anion.

Mechanisms that Maintain
Fluid and Electrolyte Balance

20 A host of mechanisms helps to maintain fluid and electrolyte balance in the
body and include passive transport mechanisms. active transport mechanisms, and
physiologic homeostatic mechanisms, and these are discussed in the following
sections.

PASSIVE TRANSPORT

Passive transport mechanisms do not require the body to expend any energy in the
form of adenosine triphosphate (ATP) for the mechanism to occur.
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Diffusion

Diffusion is defined as the movement of particles from an area of greater
concentration to an area of lesser concentration until equilibrium occurs,

Osmosis

Osmosis is defined as the movement of water across a semipermeable membrane
from an area of lesser concentration of solute (e.g.. more dilute solution) to an area
of greater solute concentration (e.g., less dilute solution) unti] equilibrium occurs.
The pressure that is generated from this movement is referred to as osmetic
pressire.

ACTIVE TRANSPORT

Active transport mechanisms operate in opposition to passive transport mechanisms
in that they do require energy expenditure in the form of ATP to occur. The objective
of these mechanisms tends to revolve around maintaining the distinct features of
each fluid compartment. The intracellular environment has a much different
composition of electrolytes than the extracellular environment, as displayed in
Table 2-1, and this difference is maintained by active transport mechanisms. An
example of an active transport mechanism is the sodium—potassium pump, which
serves to pump sedium out of the cell and keep potassium within the cell. Disruption
in this pump can result in two lethal complications. First of all, serum hyperkalemia
may occur, which can result in lethal cardiac dysrhythmias. Second, the sodiom
level within the cell will increase, and water will passively follow into the cell via
osmosis, resulting in cell swelling and eventual cellular mpture.?

Table 2-1 Composition of Electrolytes in Intravascular Extracellular Fluid (ECF) and
Intracellular Fluid (ICF)

Electrolyte Intravascular ECF ICF
Sodium 140 mEg/L 10 mEqg/L
Potassium 4 mEgL 150 mEg/L
Chloride 102 mEgy/L 3 mEg/L
Magnesium 2.5 mEg/L 40 mEg/L
Calcium 5 mEg/L =1 mEg/L
Phosphate 2 mEgL 100 mEg/L
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PHYSIOLOGIC MECHANISMS

There are several physiologic mechanisms that serve to maintain fluid and electrolyte
homeostasis. Some of these mechanisms require the expenditure of energy, and
others do not. Whenever there is a disruption in any of these mechanisms, whether
it is because of an acute or chronic illness, the consegquence is that fuid and

electrolyte balance is disrupied.

Capillary-Interstitium Fluid Exchange

Fluid moves continuously between the capillary space and the interstitial space.
This is possible because capillary filtration pressure pushes fluid from the capillary
to the interstitium, whereas capillary COP pushes fluid back into the capillary. In
addition to these capillary-induced mechanisms, fluid pressure within the interstitinm
opposes capillary filtration pressure, and interstitial COP pulls fiuid into the
intersiitinl space. In essence, normal composition of solutes within the capillary and
interstitinl spaces is necessary o ensure that these forces remain in equilibriom.
The most common cause of disequilibrium between these forces is a deficiency of
albumin in the vascular space.

Albumin

Albumin and the globulins and fibrinogen are the major proteins found in plasma
and hence are collectively referred to as the plasma proteins. Albumin is the main
determinant of COP. Indeed, over 75 percent of COP is maintnined by albumin."
Therefore, serum albumin levels must be at least at the lower end of normal for
normal COP to be maintained. In general, o normal serum albumin level in adults
is 3.5-5.0 mg/dL and for children is 4.0-5.9 mg/dL." If serum albumin levels are
lower than normal, a condition referred (o as kypoalbuminemia, then capillary COP
cannol be maintained, and fuid seeps into the interstitium, This may result in fluid
retention in the tissues and weight gain, although this gain in weight reflects gain in
fuid rather than a gain in muscle mass or fat stores,

Starvation and lack of appropriste nuirients commonly cause hypoalbuminemia.
In addition, acute stress is & common cause. During times of acute stress, whether the
stressor is 4 disease or an injury, the liver manufactures increased amounts of acute-
phase reactant proteins, including complement and gamma globulins, in order to
mount a defense against the threat of the stressor. As a result, the liver may not be able
to continue to manufacture sufficient quantities of albumin. This phenomenon is
referred to as hepatic reprioritization and partially explains why critically ill patients
are almost always hypoalbuminemic and at risk for fluid retention in the interstitial
space.” Indeed, some critically ill patients may have widespread systemic edema to
the extent that they exhibit what is referred to as a kwashiorkor appearance.”



18 I.V. Therapy Demystified

Because albumin plays such a key role in maintaining COP, it is used frequently
as a colloid 1V, therapy to treat patients who are critically ill or who have a
significant nutritional deficit, often with mixed results. Please refer to Chapter 8 for
a further discussion of albumin LV, therapy.

Thirst Center

The thirst center, which is located in the hypothalamus, regulates fluid balance.
Specialized neurons referred to as osmoreceptors sense serum osmolality, and when
it increases, reflecting dehydration, thirst is stimulated. The thirst center also can be
triggered indirectly by baroreceptors that are located in large vessels such as the
aortic arch and the carotids. These baroreceptors are sensitive to pressure or stretch
and are triggered by a decrease in blood volume.®

Kidneys

The renal tubules in the kidneys can selectively reabsorb or divrese water and
electrolytes as needed to maintain fluid volume balance. The renal tubules respond
to several different mechanisms. First of all, in the presence of low oxygen tension
that results from either a low hemoglobin level or a decrease in blood volume. the
Juxtaglomerular cells within the kidneys produce the hormone renin. Renin has the
effect of converting a relatively inert plasma protein called angiotensinogen to
angiotensin 1. When angiotensin [ enters the pulmonary vascular circuit, it meets
angiotensin-converting enzyme, which converts it to angiotensin I1. Angiotensin [1
causes systemic vasoconstriction, resulting in an increase in systemic arterial blood
pressure. and it influences the renal tubules so that sodium and water are reabsorbed.
The effects of angiotensin 11 are relatively short-lived; however. it also stimulates
the adrenals to release aldosterone. Aldosterone has similar effects to angiotensin
I, including a systemic increase in blood pressure through its vasoconstrictive
effects. Moreover. it also encourages the renal tubules to reabsorb more sodium and
water. [ts effects are longer-lived than those of angiotensin I1.*

Antidiuretic Hormone

Antidiuretic hormone (ADH) affects the renal tubules directly so that increased
reabsorption of water occurs. ADH is a hormone that is stored and released by the
posterior portion of the pituitary gland. otherwise called the nenrofrvpephysis, when
it is stimulated by the thirst center in the hypothalamus. As noted previously, the
thirst center responds to input from osmoreceptors, which are particularly receptive
to subtle changes in serum osmolality and to input from vascular baroreceptors,
which, in trn, are receptive to acute changes in blood volume.*
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Fluid Tonicity

4@ The tonicity of a fluid is a term that refers to the osmolality of a fluid specimen.
Osmolality is a measure of osmotically active particles in a given solution for a unit
of mass. The majority of these osmotically active particles are electrolytes.
Specifically, tonicity refers to the osmolality of a given fluid as compared with the
osmolality of the ICF of a cell that lies within a pool of that fluid. The effects of ECF
tomicity on cells is displayed in Fig. 2-2 and is discussed in the following sections.

#a 1% ot W e,
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Flgure 2-2 Note the effects of tonicity of solutions on cells. A. Cells placed in isotonic
solutions maintain homeostasis. B. Cells placed in hyperionic solutions tend to lose
intracellular fiuid and shrink. C. Cells paced in hypotonic solutions tend to gain too much
intracellular fluid and swell. (Reprinted with permission from Nowak T, Handford AG:
Essentials of Pathophysiology: Concepts and Applications for Health Care Professionals,
2nd ed. Boston: WCBMoGraw-Hill, 1999:409,)
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ISOTONIC

Isotonic fluids tend to have the same osmolality as plasma and therefore have
approximately the same concentration of csmotically active particles in solution as
ICF. Isotonic fluids have an approximate total electrolyte content of 310 mEg/L."*
Therefore, a cell placed in a pool of isotonic fluid would neither swell nor shrink.
An example of an isotonic solution is 0.9% normal saline (called normal saline or
simply saline).

HYPOTONIC

Hypotonic fluids have a lesyer concentration of osmotically active particles than
ICF. The total electrolyte content of hypotonic fluids is less than 250 mEqg/L." Thus
4 cell placed in a pool of hypotonic solution would swell because water would

move into the cell by osmosis. Some examples of hypotonic solutions include
0.45% saline (called half-normal saline or ¥2N8) and water.

HYPERTONIC

Hypertonic solutions have a greater concentration of osmotically active particles
than does plasma and can include solutions such as 5% dextrose in 0.9% normal
saline (called D, in normal saline or D NS) and 25% mannitol. Electrolyte content
of these fluids is at least 375 mEq/L."* A cell placed in a pool of hypertonic solution
would shrink because water would exit the cell membrane via osmosis.

Sreep Bumr

Tonicity of a fluid refers to the concentration of particles, primarily
in the fluid.

Sodium Balance

@& Normal serum sodium levels range between 135 and 145 mEg/L. As the
major serum cation, sodium plays a large role in maintaining serum osmolality
and tonicity, It also is important in maintaining transport of glucose and insulin
across the cell membrane and in facilitating the transmission of neuromuscular
impulses.
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HYPONATREMIA

5k A serum sodium level of less than 135 mEg/L defines fivponatremia. Common
causes and clinical manifestations of hyponatremia are displayed in Table 2-2.
Hyponatremia can be classified as hypervolemic, hypovolemic, and isovolemic.™
Hypervolemic hyponatremis may result from chronic retention of fluid, caused by
diseases such as heart failure and resulling in a proportionate decrease of sodium in
the intravascular space. Hypovolemic hyponatremia generally results when fluid is
lost acutely, and sodium loss proportionately exceeds the amount of fluid lost.
Excessive vomiting and excessive sweating are examples of this type of loss, which
can be compounded if il is treated by oral intake of free water. Isovolemic
hyponatremia is caused most commonly by the syndrome of inappropriate antidiuretic
hormone (SIADH).

Table 2-2 Causes and Clinical Manifestations of Sodium Imbalance

Dishetes msipadus (D)

Excessive vomiting Mlilel Fryposatrenia:
Exceasive swealing Heudache
Excessive water intake | FOUEN
Adrenal insufficiency | s
Adrennl erinis (e.g.. )
precipitons withdrwal | Moderteiyponsireni
of cur_uwmrmdn €8 | Peliriam
prednisone |Deliasone, Tachyeardia
Censteml) Vomiti
Long-term use of g
thisxide diueeticy Severe hyponatremia:
(.. metolazong Seiztres
[Zaroxolyn]) SIADH | Coma
Hypernatremia Crnses Clinicnl Manifestations
Dehydration Mild Inypernatremia:
Prolonged fever Fatigue
Severe diarrhen :::;::: Iryprerataatresnio:
Overzealous use of E
hypertonic xaline gt
-l fever
LY
i M o Y
mannitol [Oumotrol]) :‘::‘.m
Cushing discasc
Cushing syndrome
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HYPONATREMIA

S A serum sodium level of less than 135 mEg/L defines fyponatremia. Common
causes and clinical manifestations of hyponatremia are displayed in Table 2-2.
Hyponatremia can be classified as hypervolemic, hypovolemic, and isovolemic.
Hypervolemic hyponatremia may result from chronic retention of fluid, cavsed by
diseases such as heart failure and resulting in a proportionale decrease of sodium in
the intravascular space. Hypovolemic hyponatremia generally resulis when fluid is
lost acutely, and sodium loss proporiionately exceeds the amount of fuid lost.
Excessive vomiting and excessive sweating are examples of this type of loss, which
can be compounded if it is treated by oral intake of free waler. lsovolemic
hyponatremia is caused most commonly by the syndrome of inappropriate antidiuretic
hormone (SIADH).

Tahle 2-2 Causes and Clinical Manifeststions of Sodivm Imbalance

Excessive vomiting Mild Iyponatremia:
Excessive sweating Heudache
Excessive waler intuke Fm!“m

Adrenal insalficiency N

Adrenal erivis (e.g.. L
precipitous withdrawal :nm:: ) ypanat '
of corticosteroids (e.g,., Y

predaisone [Deltusone, !:f:mj:m

Orancmne]§ Vot

Long-term use of nE

thingide diuretics Severe yponatremia:
Selzures

{e.. metolazone
{Zaroxolyn]) SIADH | Coma

Hypernatremia | Cuses Clinieal Manifestations
Dehydrution Milid Feype rmatiemia:
Prolonged ever Fatsgue
Severe diarthea Moderate ypernatremia:
Overzealous use of m&jn
hypentonic saling
Overzealous use of - g vy -
osmotic disretics (e.g., """.""’ RypeTRaITERY,
mannitol [Osmotrol|) ?"““’“

Cushing discase e
Cushing syndrome

Drabetes msipidus (DI}
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6. Hyponatremic conditions typically are treated by treating the underlying
cause first. However, patients who exhibit signs or symptoms of hyponatremia
typically have dangerously low serum sodium levels that are less than 120 mEg/L
and may benefit from LV. infusion of either saline or hypertonic saline."” These
patients must be monitored carefully because rebound cerebral edema may occur.
Loop diuretics such as furosemide (Lasix ) are frequently administered intravenously
concomitant with the hypertonic saline to help prevent cerebral edema.® Treatment
is halted when the serum sodium level reaches 125-130 mEqg/L."

HYPERNATREMIA

By Hypernatremia is defined as occurring when serum sodium levels exceed
145 mEg/L. Common cawses and clinical manifestations of hypernatremia are listed
in Table 2-2. The most common cause of hypernatremia is dehydration, which may
result from persistent diarrhea or vomiting, severe burn injuries, and excessive use
of diuretics, particularly osmotic diuretics.” #8: Treatment tends to revolve around
treating the underlying cause. L'V, treatment is not commonly indicated because
oral rehydration is the preferred first-line treatment in most cases.” In instances
where patients cannot tolerate oral rehydration, LV, hypotonic saline solutions may
be indicated for treatment. These patients also may suffer from cerebral edema if
they are rehydrated too guickly, and therefore, the infusion must proceed slowly
and be accompanied by careful monitoring. In general. it is recommended that half
the calculated required volume of hypotonic saline should be administered over the
first 24 hours, with the balance infused over the following 72 hours. The infusion
generally is stopped when serum laboratory results indicate that the patient’s sodium
level has reached the lower limit of normal, or 145 mEg/L."

Chloride Balance

‘& Chloride concentration in serum mirrors that of sodium in that sodivm and
chloride tend to bind as salt in solution. Therefore, it is most typical that when
hyponatremia occurs, so does hypochloremia, and in cases of hypernatremia,
hyperchloremia also exists. @8 Therefore, treatment for hypochloremia
and hyperchloremia mirrors the treatment for either hyponatremia or hypernatremia,
respectively. Normal serum chloride levels range from 95 to 106 mEg/L. As noted
previously, chloride is the primary extracellular anion, and its role in maintaining
homeostasis largely supplements the role of sodium, but it also plays its own key
role in maintaining acid-base balance.
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HYPOCHLOREMIA

iS5 Hypochloremia is defined os a serum chloride level of less than 95 mEg/L.
Common causes and clinical manifestations of hypochloremia are listed in
Table 2-3. Hypochloremia is accompanied most frequently by hyponatremia and
therefore shares the same causative factors and clinical manifestations as
hyponatremia. However, chlonide can bond readily not only with sodium but also
with hydrogen ion (H*). When this occurs, hydrochloric acid (HCI) forms. Thus,
when metabolic alkalosis occurs because of a loss of hydrogen ion, there also may
be a concomitant loss of chloride. The patient with metabolic alkalosis and
hypochloremia therefore may breathe slowly and shallowly in an effori o
compensate and correct the alkalosis by retaining carbon dioxide, which in water
or serum can form carbonic acid, resulting in respiratory acidosis.

HYPERCHLOREMIA

48, Hyperchloremia occurs when the serum chloride level exceeds 106 mEg/L.
Common causes and clinical manifestations of hyperchloremia are listed in
Table 2-3. Hyperchloremia is a frequent consequence of hypernatremia and also
shares the same causative factors and clinical manifestations. However. in instances
where metabolic acidosis occurs and there is an excess of hydrogen ion, there also
may be o concomitant increase in chloride levels because the two ions frequently

Table 2-3 Causes and Clinicil Muntfestations of Chloride Imbalance

Hypochloremin | Canses Climical Munifestutions

Hyponutremiu Sume ux signy umd symploms of
Metabolic alkalosis | hyponatremia (see Tuble 2-2
Severe hypechlorentia:

Tetany

Bradypnes

Respiraiory acadosis
Respiratory fuilure
Hyperchloremin | Causes Clinical Manifestations
Hypernairemia Same ox sgns and sympioms of
Metabolic scidosis hypernatremia (see Table 2-2)
Severe invperchienemia:
Tachypnes

Respiratory alkalosis
Respuratory falure
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bind to form HCl. The patient with metabolic acidosis and hyperchloremia
therefore may exhibit tachypnea that reflects an effort to compensate by blowing
off carbon dioxide, resulting in respiratory alkalosis.

Potassium Balance

& Potassium is the major intracellular cation. Indeed, intracellular potassium
levels exceed extracellular levels by over 30 times. Normal serum potassium levels
are approximately 3.5-5.0 mEg/L. Potassium has an important role in ensuring
appropriate cardiac cellular excitability as well as skeletal and smooth muscle
contraction.™ Because cardiac, skeletal, and smooth muscle cells are exquisitely
sensitive to the influences of potassium, seemingly minor deviations from normal
serum levels may have major impacts on normal cellular behavior, particularly
cardiac cellular excitability and impulse conduction.

HYPOKALEMIA

&y Hypokalemia occurs when serum potassium levels are less than 3.5 mEg/L

and is evidenced by depressed cardiac excitability and decreased smooth and
skeletal muscle contraction. Because the body cannot store potassium,
gastrointestinal loss of potassium through vomiting or diarrhea can rapidly cause
hypokalemia. In addition. because the renal tubules excrete excess dietary
potassium, use of loop diuretics also may accentuate potassium tubular excretion
and cause hypokalemia. These and other eticlogies and clinical manifestations of
hypokalemia are listed in Table 2-4. The earliest clinical manifestation of
hypokalemia is an asymptomatic depression of the T wave on the electrocardiogram
{ECG). A typical ECG complex for a patient with hypokalemia is compared with
a normal ECG complex in Fig. 2-3.

«6 First-line treatment of hypokalemia revolves around administration of oral
potassium supplements as the most effective and least costly treatment. However,
many patients cannot tolerate oral potassium agents. These patients may need to
receive potassium supplemental agents intravenously. Because of its profound
effects on cardiac excitability, 1.V, potassium must be administered cautiously, and
patients treated thus should be placed on continuous cardiac monitoring. Potassium
never may be administered by LV, push or by bolus doses. Rather, potassium should
be admixed with an LV, solution and administered by an infusion controller or
electronic infusion device (Le.. L'V. pump) at a rate not to exceed 10 mEg'h. In
cases where a patient is severely hypokalemic and the infusion can be administered
via a central line, then the administration rate may be increased to 20 mEg/h.
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Hypokalamia

Twave U wave

Figure 2-3 A normal ECG as compared with an ECG from a patient with hypokalemia.
{Reprinted with permission from Mowak T, Handford AG: Essentialy of Pathophysiology:
Concepts and Applications for Health Care Professionals. 2nd ed. Boston: WCBS
MoGraw-Hill, 1999:417.)

HYPERKALEMIA

#8. Patients with serum potassium levels that exceed 5.0 mEg/L are lrvperkalemic,
Since the renal tubules play a key role in excreting excessive dietary potassium,
their failure frequently results in hyperkalemia. Ingestion of too much potassium,
particularly oral potassium supplements. is another frequent culprit that causes
hyperkalemia. Any conditions that cause widespread cellular destruction, including
severe burns, rhabdomyolysis, and malignant hyperthermia, result in spillage of
cellular contents, including potassium, into the ECF space, causing hyperkalemia.™
These and other causes and common clinical manifestations of hyperkalemia are
listed im Table 2-4. One of the earliest classic signs of hyperkalemia includes
peaking of the T wave on the ECG (Fig. 2-4).
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Hypsrka emia

Flgure 2-4 A normal ECG as compared with an ECG from a patient with hyperkalemia.
{Reprinted with permission from Nowak T, Handford AG: Essentialy of Pathophysiology:
Concepty and Applications for Health Care Professionals, 2nd ed. Boston: WCB/
McGraw-Hill, 1999:417.)

Sometimes the laboratory may inaccurately report a high potassium level on
the serum chemistry results. This may happen il the laboratory specimen is
obtained or transported traumatically, causing destruction of red blood cells (ie.,
hemolysis), and will result in a falsely high serum potassium level. This is
referred to as pseudohyperkalemia. This may be suspected when a specimen
result seems high for no clearly identifiable reason. and the patient appears
asymptomatic. In these instances, it is advisable to either call the laboratory to
determine if the original specimen was hemolyzed or submit a second specimen
for confirmatory analysis.™
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6. Patients who are hyperkalemic with levels higher than 5.6 mEg/L. or who
exhibit any clinical manifestations of hyperkalemia are candidates for LY. therapy.
These patients must be placed on continuous cardiac monitors. One of the mainstays
of the treatment of hyperkalemia is administering dextrose and insulin as an LV, push.
As noted previously, insulin facilitates the sodium—potassivm pump, thereby drawing
more potassium into the ICF compartment and out of the ECF compartment. However,
insulin must be administered in conjunction with dextrose, or hypoglycemia may
ensue. LV, calcium gluconate (10%) is an agent that might be tried to stabilize the
electrical activity of the heart. Finally, an infusion of sodium bicarbonate at a rate not
to exceed 50 mEg/h can have the effect of pulling hydrogen ion (H*) out of the ICF and
into the ECF, causing additional potassium to be pulled into the ICF compartment.'

SrEED Bumr

The earliest clinfeal manifestation of hyperkalemia is a an the ECG.

Magnesium Balance

/% Magnesium levels normally range between 1.3 and to 2.2 mEg/L. Magnesium
is important in ensuring activation of enzymes, in regulating DNA and RNA
synthesis, in stabilizing the sodium—potassium pump. and in maintaining calcium
channel activity.

HYPOMAGNESEMIA

48y Hypomagnesemia occurs when the serum concentration of magnesium is less
than 1.3 mEg/L. It occurs most commonly when there is poor magnesium dietary
intake or absorption or when there is accelerated magnesium excretion in the urine, as
may happen when many different types of divretics are administered.” Because
hypocalcemia is a frequent concomitant occurmrence, the clinical manifestations of
hypomagnesemia are similar to those of hypocalcemia (compare Tables 2-5 and 2-6).
460 Treatment revolves around providing magnesium supplements, either orally
or parenterally.

HYPERMAGNESEMIA

&8 Hypermagnesemia is defined as a serum concentration of magnesium of more
than 2.2 mEg/L. It ensues most commonly as a result of renal failure or because of
ingestion of too much magnesium-based antacid. Becavuse magnesium inhibits the
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release of acetylcholing st neural junctions, progressive clinical manifestations are
consistent with widespread smooth and skeletal muscle flaccidity and their eventual
nonresponsiveness, This results in eventual cardiac and respirmtory failure. Common
causes and clinical manifestations of hypermagnesemia are displayed on Table 2-5.

Table 2-5 Causes and Clinical Manifestations of Magnesium Imbalance

Hy pomagmese nua Causes Clinical Manifestations
Malnutntion Mild hvpomagmesemia:
Albcohalivm Hyperreflexia
Severe diarrhea borrsme _
diuretics —

Alavia

Nystagmus

Paresthenias

Tremors

Tetany

Seirurcs

Hyperiension

Puralytic ileus
Abdominal cramps
Severe Ipermagnesenia
Dynehythmius

Status epilepticus
Cardivpulmonary wrrest

Hypermagnesemin | Cooses Clinical Manifestations
Renal failure Mild hype rmagne semia;
Overzealous use of [ Hyporeflexia
mignenium-based Lethurpy
witagids (e.g.. Mol rate hype rmagne sentia:
mugnesium Arellexia
hydroxide [milk of | Flushing
magnenia]y Drapheresis
Adrenal Vomiling
insulficieacy Muscle fluccadity
Adrens] crisis Severe ivpermagnesemia:

T Diplopia
Lithium toxicity Heart block
Hypotension
Brudypnea
Cardopulmonary arrest
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d6 LY. hydration to accelerate magnesium renal excretion may be indicated to
treat hypermagnesemia. LV. push calcium gluconate may be administered because
calcium antagonizes the effects of magnesium. In patients with either severe
hypermagnesemia or renal failure, hemodialysis may be indicated to filter and
excrete excess magnesium. ™

Calcium Balance

& MNormal serum calcium levels range between 4.5 and 5.5 mEg/L. Calcium is
the primary electrolyte that provides the matrix for bones. It also plays a vital role
in ensuring appropriate muscular contraction and transmission of neural impulses.
In addition, it behaves as a clotting factor in the clotting cascade and therefore has
4 key role in ensuring that hemostatic function is maintained.

HYPOCALCEMIA

8 Hypocalcemia is defined as a serum calcium level of less than 4.5 mEg/L.
Hypocalcemia may be caused by an inadequate intake of calcium-rich foods or by
an inadequacy in vitamin [ levels, which is necessary to ensure proper absorption
of calcium. A loss in parathyroid hormone, which acts by mobilizing calcium
stores, may cause hypocaleemia, as can accelerated renal exeretion of calcium,
which may occur when loop diuretics are used. Injuries and diseases that cause
widespread necrosis can cause hypocalcemia because calcium tends to bind to
necrotic tissue. Common causes and clinical manifestations of hypocalcemia are
listed in Table 2-6. 6. Treatment tends to revolve around adminisiration of
calcium supplements, with the oral route preferred. If the patient is severely
hypocalcemic or symptomatic. an 1.V, infusion of calcium may be indicated in the
form of calcium gluconate or calcium chloride.?

HYPERCALCEMIA

#8. Hypercalcemia occurs when the serum calcium level exceeds 5.5 mEg/L.
Many patients who are hypercalcemic are frail and chronically ill. They may be on
prolonged bed rest, causing depletion of calcium from the bony matrix, or they may
have malignant neoplasms that cause hypercalcemia. Other causes of hypercalcemia
include an excessive intake of either calcium or vitamin D) and hyperparathyroidism.?
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Additional causes and clinical manifestations of hypercalcemia are displayed on
Table 2-6. 48 The most common treatment indicated for hypercalcemia is
hydration therapy. LV. hydration may be indicated in patients who cannot tolerate
oral fluids and may be accompanied by calcitonin and 1.V, push loop diuretics such
as furosemide (Lasix) to accelerate renal excretion of calcium."

Table 2-6 Caoses and Clinical Manifestations of Calcium Imbalance

Inadequate oral intake Mild kypocalcemia:
of calcium or vitamn [ Fatigue
Hypoparathyrodim Muscle cramps in extremitics
Hyperphosphatenua Moderaie Inpocalcemia:
Overzealous use of loop disretics | Paresthesias, particularly perional
(e.g.. Furosemide [Lasix]) Abdormial cramps
P B Widespread muscle cramps
Hyperreflexia
S bams Caurpal spasm (i.c., Trousscau sign)
Alkalesis Facial spasm (i.c., Chvosiek sign)
Severe hypocalcemia:
Tetany
Sevrures
Laryngospasm
Prolonged QT imterval on ECG
Drysrhythimias
Cardiopulmonary srrest
Hypercaleemin | Canises Clinical Munifestations
Excessive oral intuke Mild Iypercalcemia:
of caleium or vitamin 1 I:hﬂ'-lm
Hyperparuthyroidinm i
Prolonged bed rest ’f‘m"":!l"":‘“
Hypaphosphstemia -
Overscalous uae of thinide Muoute Sppesosimmiv
dinretics (e.g., chlorathiazide Hyporeflexia
[ Dnuril |3 Polyuria
Lithium toicity Polydipsia
Malignant neoplasims Weakness
Adrenal insufficiency Muscle faccidity
Adrenal criss Severe Inypercalcemia;
Coma
Hean block
Shortened QT interval on ECG
Drysrivythmias
Canliopulmonary smest
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SreeEp BoMmre

Hyporeflexia is a common clinical manifestation of

Phosphate Balance

/&, Typical serum phosphorus levels range from 2.5-4.5 mEg/L. Phosphorus has
animportant role in maintaining ATP stores, shares a role with calcium in maintaining
bone matrix, and aids in the metabolism of nutrients. Phosphorus levels tend to
behave in a manner that is reciprocal to calcium levels. That is, hypocalcemia is
commonly concomitant with hyperphosphatemia, and when hypercalcemia occurs,
hypophosphatemia typically occurs in tandem. Table 2-7 displays common causes
and clinical manifestations of both hypophosphatemia and hyperphosphatemia.

HYPOPHOSPHATEMIA

5. Hypophosphatemia occurs when the serum phosphorus level drops below
2.5 mEg/L. It occurs most frequently when hypercalcemia occurs. It also may
occur in patients who are treated successfully for diabetic ketoacidosis (DKA)
with insulin because phosphorus may be pulled into the cells as a result of insulin’s
effect on the cellular membrane. #8. LV. phosphorus supplements may be
prescribed for patients who are severely hypophosphatemic or who exhibit clinical
manifestations of hypophosphatemia. In these instances, the supplemental infusion
should proceed slowly with frequent monitoring of both the serum phosphorus
levels and the serum calcium levels because hypocalcemia may result if too much
phosphorus is administered.®

Table 2-7 Cansas and Clinical Manifestations of Phosphate Imbalance

Hypophosphatemia Causes Clinical Manifestations

Hypercalcemin Same a5 signs and symptoms of hypercalcemia
Resolving DEA | (sce Table 2-6)

Overzealous use

of antacids
Hyperphosphatemia | Causes Clinical Manifestations
Hypocalcemia Same as signs and symptoms of hypocalcemia
Renal Failure (see Table 2-6)
Rhabdomyolysis
Tumor lysis

syndrome
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HYPERPHOSPHATEMIA

84 Phosphorus levels in excess of 4.5 mEqg/L are consistent with hyperphospha-
temia. Hypocalcemia is a frequent concomitant occurrence. It also is a frequent
consequence of renal failure. #8685 The treatment for hyperphosphatemia is the same
as for hypocalcemia because low serum calcium levels carry more serious conse-
quences than does an excess of phosphorus.

Summary

Fluid and electrolytes perform wvital functions in maintaining homeostasis.
Understanding the composition of Auid and electrolytes in body fluid compartments.
their homeostatic mechanisms, and the role of key electrolytes in maintaining the
function of these fluid compartments and in maintaining metabolic function is
requisite to understanding indications for L'V. therapy.

Quiz
1. Which of the following patients is least susceptible to dehydration?
ta) An obese middle-age female
ib) A normal-sized, healthy adult male

tc) An elderly but healthy male
id) A normal-sized, healthy 12-month-old infant

2. The majority of body fluids can be found in which compartment?
(a) Intracellular
(b) Extracellular
{c) Interstitium

(d) Intravascular
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Which of the following is the major determinant of colloidal osmotic
pressure (COP) within the intravascular compartment?

(a) Sodium
(b} Potassium
{c) Fibrinogen
(d) Albumin

Movement of water across a semipermeable membrane from an area with
a lesser concentration of solute to an area with a greater concentration of
solute is the definition of

(a) diffusion.

(b} osmosis.

(ch the port system.

(d) the pump system.

Aldosterone facilitates renal reabsorption of which of the following
electrolytes?

{a} Sodium

(b} Chlonde

{c) Potassium

(d) Magnesium

A cell would shrink if it were placed in a bath of which of the following
types of solutions?

(a) Isotonic

(b} Hypotonic

{ch Hypertonic

(d} Saline

Which type of condition can cause hyperchloremia?
(a) Metabolic alkalosis

(b} Metabolic acidosis

(¢} Respiratory alkalosis

(d)} Respiratory acidosis
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8.

‘What is the recommended intravenous infusion rate of potassium in a

patient who is hypokalemic?

{a) No more than 10 mEg/h in an admixed solution. If a central LV. line is
used, no more than 20 mEqg/h

(b} No more than 20 mEq by L.V, push
ic) No more than 50 mEgq in a bolus dose
(d) No more than 10 mEg in a central LV, line bolus

Treatment of hyperphosphatemia typically involves
{a) rehydration LV. therapy.

(b} potassium LV. boluses.

{c) hemodialysis.

(d) hypocalcemia treatment.



CHAPTER 3

Intravenous Therapy
Delivery Systems

Learning Objectives

After completing this chapter, the learner will

o Describe features of commonly used intravenous (I.V.) therapy containers,
including glass bottles and plastic bags.

2. Define common terms used in describing the setup of 1.V, administration sets,
including spiking and priming.

3. Compare and contrast indications for use of primary and secondary
infusion sets.

&. Identify indications for use of mechanical and electronic infusion delivery
systems.

Copyright & 2008 by The MeGraw-Hill Companies, Inc. Chck here for terms of use
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& Accurately calculate IV, drip rates when given a specific I.V. administration
prescription and a specific type of L'V, administration set.

6. Describe features commonly available in many electronic infusion devices.

— Key Terms

Luer locks Priming
Spiking Drrop factor
Primary infusion sets Macrodrop sets
Secondary infusion sets Microdrop sets

Extension sets

Introduction to Intravenous
(I.V.) Therapy Delivery Systems

The nurse must be comfortable working with commonly used L'V. therapy equipment
in order to ensure that the patient receives the infusion of Auids, blood components,
medications, or nutrients that is prescribed by the physician or the advanced-practice
clinician with prescriptive authority authorized by his or her respective governing
state board of nursing or medicine. An advanced-practice clinician who has this
type of authorization may include a nurse practitioner, nurse midwife, nurse
anesthetist, or physician assistant.

Any infusion delivered to a patient by the L.V, route must be sterile, or pathogens
that are introduced may cause septicemia. Therefore, all connecting ports between
LY. containers, lines, filters, and access devices must remain secure and sterile. [t is
not mecessary that the nurse wear gloves when setting up an administration set.
However. the nurse must wash his or her hands thoroughly and vigorously prior to
setting up an L'V, administration set and must be careful not to touch or otherwise
contaminate open ports or tips before they are connected into the system. Connectors
known as Luer locks are advocated because they provide a secure screw-type
connection between connecting IV, lines and hubs of 1.V. access devices.® Taping
interconnecting parts of the L'V, administration setup, though performed commonly
in years past, is not advocated.®
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Infusion Containers

4. Intravenous infusion containers come in a variety of sizes that range from 50 to
over 2000 mL. One liter {1.e.. 1000 mL) 1s the most common LY. infusion container
size employed for infusion of the most frequently used LY. solutions, which are called
crystalloids and are discussed in Chapter 7. 225 The nurse should visually inspect
the LV. infusion container prior to spiking it with an infusion set. Spiking an LY.
container with an infusion set means that the sterile tip of the infusion set has penetrated
the seal of the container. If the solution appears discolored, not of uniform color. or
contains any particulate matter, the container is discarded. The container should not
be cracked or otherwise appear violated, or it likewise should be discarded.

SrEEp Bump

an L.V, container with an infusion set means that the sterile tip of
the infusion sel has penetrated the seal of the container,

There are two types of LV, infusion containers—glass bottles and plastic bags.
Mo matter which type of container is used, and no matter whether or not an infusion
pump is used o aid in the precise delivery of the prescribed solution, it is good
practice to adhere a time tape to the side of the container. The time tape at a minimum
should note the time and date that the container was spiked (or accessed by an LV,
infusion set), the initials of the nurse who spiked the container, and incremental
markings that denote approximate times that solution should empty from the
container. If there is a change in order of the delivery rate of the solution, then the
time tape also should be altered to reflect this change.

GLASS 1.V. BOTTLES

Glass LV, bottles were the first closed types of LY. containers used. They tend to not
be used as frequently as plastic LY. bags for delivery of most solutions today
because they are harder to store and easier to crack. Glass 1.V, bottles are indicated
for admixing medications and nutrients that might interact with the plastics
commonly used in plastic LY. bags. Examples of admixtures that are known to
interact with plastic include nitroglycerin and fat emulsions.'®

Glass LV, bottles feature a rubber disk plug that is covered by a sterile seal. After
the seal is removed, the rubber disk is penetrated with the sterile tip, or spike. of the
LV. infusion set. The bottles are vacuum-packed, so air must be permitted to Aow
into the bottle to displace the solution. If the bottle is packed so that it contains a
venting straw, then airflow is already ensured. If the bottle does not contain a
venting straw, then a vented LV, infusion set must be selected or flow of solution
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Figure 3-1 Vented and nonvented glass 1V, bottles. {Used with permission from

Perucca R: Infusion therapy equipment: Types of infusion therapy equipment. In
Hankins J, Lonsway RAW. Hedrick C. Perdue MB (eds.): The nfusion Nurses Soctety:
Infusion Therapy in Clinical Practice, 2nd ed. Philadelphia: Saunders, 2001, Fig. 15-1.)

from the bottle will not occur.' Figure 3-1 displays vented and nonvented glass
bottles with respective nonvented and vented tubing. The glass bottle is spiked with
an appropriate L'V, infusion set after the tubing is clamped. and the bottle then is
hung on an 1.V, pole as displayed in the figure.

PLASTIC I.V. BAGS

Plastic LY. bags are the most commonly used LY. containers because they are easy to
store and less vulnerable to damage than glass containers. Figure 3-2 shows a variety of
plastic LY. bags. Because these plastic bags can collapse, they do not need to be vented
to ensure flow of solution from the bag into the LV, infusion sel. These bags contain an



CHAPTER 3 Intravenous Therapy Delivery S:.rstems 41 -

Figure 3-2 Intravenous bags.

access port with a sterile sheath. When the sterile sheath is removed, the access port of
the bag is spiked with the tip of the LV, infusion set after the clamp on the infusion set
is closed. as displayed in Figure 3-3. The L.V. bag then is hung on an LV. pole.

¢

Flgure 3-3  Steps in spiking an LV, bag with o primary infusion set. A. Roller camp
is packed open. B. Roller clamp is closed. €. Protective sheath is removed from LY.

bag port. 0. Protective cap is removed from the spike, and the spike is inserted into the
LV. bag. (Used with permission from Perry AG, Potter PA: Clinical Nursing Skills and
Technigues, 5th ed. St. Louis: Mosby, 2002:568.)
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I.V. Lines

‘3. Intravenous lines can include primary infusion sets, secondary infusion sets,
and extension sets. Primary and secondary infusion sets both contain spikes and
drip chambers, whereas extension sets do not contain spikes or drip chambers. The
LV, tubing on both infusion sets and extension sets can be of a variety of lengths and
may contain one or several clamps and one or several injection or access ports.

PRIMARY INFUSION SETS

A primary infusion set is the main tubing that carries continuously infusing
solution from the LV. bag or bottle into the patient’s vein by way of a venous
access device. Peripheral venous access devices are described in Chapter 4. and
central venous access devices are deseribed in Chapter 5. Primary infusion sets
vary in length from 60 to 110 inches. Minimum characteristics of these sets include
a spike to access the IV, bag or bottle, a drip chamber, and at least one clamp. The
clamp is typically a roller clamp, although a slide clamp or a screw clamp could
be used.

Most primary infusion sets also feature one or more injection ports or injection
sites that may be used to inject medications by either “piggyback™ infusion or LV,
push. Injection ports typically are designed so that they may be accessed by either
needleless injection devices or by needle-protected devices so that the risk of
needlestick injury is minimized. The end of the tubing that is distal to the spike
typically features a Luer lock design so that the likelihood of disconnection from
the hub of the LV. access device is minimized." Figure 3-4 shows two types of
primary LY. administration sets.

SECONDARY INFUSION SETS

Secondary infusion sets share many of the same characteristics as primary infusion
sets, including a spike, a drip chamber, one or several clamps. and sometimes one
or several access ports. However, they are used for either continuous or intermittent
infusion of medications that are “piggybacked” into the primary line by either a
needleless injection device or a needle-protected device. The continuously infused
solution delivered by the primary infusion set must be compatible with the
medication delivered by the secondary infusion set. Secondary infusion sets tend to
be shorter than primary infusion sets and are commonly designed at 30-36 inches
in length.'®



CHAPTER 3 Intravenous Therapy Delivery Systems 43 ‘

A B

Figure 3-4 Primary LV. administration setups. A. Primary LY. administration setup
with one injection port. 8. Primary 1.V, sdministration setup with two injection ports.
{Courtesy of B, Braun, Products Catalog, 2005).

EXTENSION SETS

Extension sets may be used when additional length or injection ports are needed on
an LY. administration setup. These seis are rarely indicated today as compared with
years past because there are many more manufaciurers’ choices for selecting
primary infusion sets of a number of lengths that contain additional access ports
and clamps. Adding an extension set to an LV, delivery sysiem carries an ndditional
risk of system disconnection and contamination, even when Luer-lock devices are
used. Therefore, their general use is discouraged." Figure 3-5 shows common
exlension sets.
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Figure 3-5 Extension LV sets. A. Extension set with one injection port. . Extension
set with two injection ports and one slide clamp. (Courtesy of B, Braun, Products
Catalog, 2005.)

PRIMING I.V. LINES

‘2% Priming an LV, line means that the prescribed solution is uniformly flushed
through the 1.V, administration setup. After the LY. bag or bottle is spiked with the
administration set and placed on the LV, pole, as deseribed previously, the solution
must be uniformly flushed through the line before the line is attached to the venous
access device and before the solution is infused into the patient. To accomplish this,
the drip chamber of the administration set is squeezed as demonstrated in Fig. 3-6
until it is approximately one-third to one-half filled with LV. solution. If too little
solution is squeezed into the chamber. the chamber may be squeezed repeatedly
until the desired amount of Auid is present in the chamber. If too much solution flls
the chamber, the bag or bottle may be inverted, and some solution may be squeezed
back into the bag or bottle.
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Figure 3-6 Demonstration of technique Lo squeeze the drip chamber. (Used with
permission from Perry AG, Potter PA: Clinieal Nursing Skills and Technigues, 5th ed.
5L Louis: Moshy, 2002:569.)

Sreep Bomr
an LV, line means that the prescribed solution is uniformly
flushed through the LV, administration setup,

Once the drip chamber is filled to an appropriate level with solution, the cap on
the distal end of the tbing is removed and set aside. The end of the cap that
interfaces with the tubing is kept sterile. The LV, tubing then is held taut, and the
clamp is partially unclamped so that solution flows slowly through the LV. line.
Holding the line taut and only permitting the solution to flow slowly minimize the
formation of air bubbles. The line is inspected for the formation of air bubbles,
which may be flushed slowly out of the line with the administration solution.
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Flgure 3-7 Demonstration of removal of air bubbles from LV, tubing. (Used with
permission from Perry AG, Potter PA: Clinfcal Nursing Skills and Technigues, 5th ed.
St Louis: Mosby, 2002:568.)

Alternatively, the line may be held taut and gently tapped with a finger. encouraging
air bubbles to flow upward and eventually back into the drip chamber. Figure 3-7
demonstrates this technique. Once the L'V, line is primed with solution and the line
is thoroughly inspected and found to be free from air bubbles, then the LY. line cap
is placed back on the end of the LV. tubing using sterile technique. The cap remains
in place until the L.V, administration setup is connected to the LV, access device.

Delivering I.V. Solutions

Solutions that infuse through L.V, administration sets may be titrated at approximate
drip rates by selting appropriate tension or pressure on the administration set’s roller
clamp, or they may be programmed to infuse at a set rate by a flow-rate control
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device or an electronic infusion device. The most accurate way to deliver an infusion
rate via an 1.V, administration set is by using an electronic infusion device.

& In general, when it is necessary to deliver n consistent rate of a given
solution accurately, an electronic infusion device, such as an LV, pump, is indicated.
Most continuously infused medications and many intermitienily infused,
“piggybacked” medications must be infused via secondary infusion sets by means
of an LV. pump. Although it is not absolutely necessary to deliver all intermittently
infused, “piggybacked” medications or all solutions by the primary infusion set
through an LV. pump, it is prefered o use this type of setup if the equipment is
available because there are fewer complications associated with using an LV.
pump. It is much easier to ensure that a patient receives an accurately dosed volume
of solution over a given period of time using an LY. pump. Altematively, if an LV.
pump is not available, flow-rate control devices that are, in essence, mechanical
dials placed on the L. V. administration set can be used to deliver reasonably accurate
volumes of solution.

Infusing primary solutions such as crystalloids without an LY. pump or other
control device requires that the solution drains by gravity, and the administration
rate is titrated by placing varying amounts of tension or pressure on the LV, line via
the roller clamp or the screw clamp on the administration set. A slide clamp cannot
be used for this purpose. The rate of infusion of the V. solution may vary over time
by a considerable amount based on position of the L'V, tubing and position of the
patient’s arm. It is very easy to inadvertently deliver unnecessary boluses of LV.
fluids or less than adequate amounts of selution because of a simple change of
position of the administration setup. Intravenous pump rates do not change based
on changes in position of the administration setup, and therefore, LY. pumps are
much more likely to deliver consistent amounts of solution to the patient.
Nonetheless, it is still important for the nurse o be capable of calculating LY, drip
rates by gravity infusion of administration setups in the event that LV, pumps are
not available for use.

CALCULATING L.V. DRIP RATES

5y Continuously infused 1.V, solution drip rates are calculuted based on the amount
of solution to be infused each hour, The formula for this iype of calculation is

Total infusion volume orderedtotal infusion time in hours = rate of solution/hour

For instance, if an order for an 1.V. solution specifies that o patient is to receive
2 L {2000 mL) of solution in 16 hours, then the patient’s hourly rate of infusion is
calculated as follows:

2000 mlL (total infusion volume)/16 h (total infusion time) = 125 mL/h
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And if an order for an 1.V, solution specifies that a patient is to receive 4 L
{4000 mL) of selution in 24 hours, then the patient’s hourly rate of infusion is
calculated as follows:

4000 mL (total infusion volume)/24 h (total infusion time) = 167 mL/Mh

If a patient is prescribed a bolus dose of an L'V, solution to infuse over a shortened
time frame, that is, over minutes rather than hours, the minutes must be converted
to fractions of hours as follows:

Total infusion time in minutes/60 min'h = infusion time in hours

For instance, if an order for an L'V, solution specifies that a patient is to receive
200 mL of solution in 10 minutes, then the first step in calculating the infusion rate
necessitates converting the minutes to hours as follows:

10 min/60 minh = 0.1667 h
Then the second step of this calculation uses the first formula, which is
Total infusion volume ordered/total infusion time in hours = rate of solution/hour
or
200 mL (total infusion volume)/0. 1667 h (total infusion time) = 1200 mL/h

If an administration setup is used that is set to gravity drainage and is not set to
an LY. pump. then the drops per minute must be calculated based on the drop
factor, or the number of drops contained in | mL of solution, which is noted by the
manufacturer of the administration set. Drops per minute are counted as they infuse
into the drip chamber over | minute’s time. To speed up the rate of infusion, and
thus the number of drops per minute, less tension or pressure is placed on the
administration set clamp. To slow the rate of infusion, and thus the number of drops
per minute, more tension or pressure is placed on the administration clamp.

Infusion sets are referred to a5 macrodrop sets if the drop factor is 10, 12, 15,
or 20 drops/mL, and they are referred to as microdrop sets, or sometimes pediafic
drip sets, if the drop factor is 50 or 60 dropsfmL. Microdrop sets typically are
identifiable because there is a visible needle in the middle of the drip chamber.

The formula to calculate the number of drops per minute to regulate the hourly
rate of infusion of solution is

(Total infusion volume x drop factor)/total infusion ime converted to minutes
= drops/minute

For instance, if a patient is supposed to receive 125 mL/h of a given solution, and
the administration set is a macrodrop set with a drop factor of 15 drops/mL., then the
number of drops per minute that must be titrated on the administration set by
applying appropriate tension on the roller clamp that is calculated as follows:
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(125 mL/h = 15 drops/mL)/60 min'h = 31.25 drops/min

Because it is not possible to titrate fractions or portions of drops, convention
dictates that the drops per minute are either rounded up if the calculated remainder
is at least 0.50 drops and rounded down if the calculated remainder is less than
0.50 drops. Therefore, in the preceding example, the actual number of drops
titrated is not 31.25 drops but 31 drops. Subsequent examples in this section will
use this convention of rounding the remainder.

If a patient is prescribed to receive 200 mL/h of a given solution, and the
administration set is a macrodrop set with a drop factor of 20 drops/mL, then the
oumber of drops per minute that must be titrated, as described previously, is
calculated as follows:

(200 mL/h x 20 drops/mL)/60 min/h = 67 drops/min

If a patient is supposed to receive 100 mL/h of a given solution, and the
administration set is 4 macrodrop set with a drop factor of 12 drops/mL, then the
number of drops per minute that is titrated is calculated as follows:

(100 ml/h % 12 drops/mL Y60 min/h = 20 drops/min

And if a patient is prescribed to receive 75 mL/h of solution, and the chosen
macrodrop administration set has a drop factor of 10 drops/mL., then the number of
drops per minute that must be titrated is calculated as follows:

(75 mL/h % 10 drops/mL W60 min/h = 13 drops/min

If a pediatric patient is supposed to receive 50 mL/h of a given solution by a
microdrip administration set with a drop factor of 60 drops/mL., then the number of
drops per minute that must be titrated is calculated as follows:

150 mL/h % 60 drops/mL /60 min/h = 50 drops/min

Similarly, if a pediatric patient is prescribed to receive 75 mL/h of a given
solution by o microdrop administration set with o drop factor of 50 drops/mL, then
the number of drops per minute that must be titrated is calculuted as follows:

(75 mL/h = 50 drops/mL 60 min'h = 63 drops/min

I.V. DELIVERY DEVICES

4%, There are two basic types of LV, delivery devices—mechanical and electronic.
Electronic infusion devices tend to be used much more commonly in inpatient
acute-care seitings, whereas mechanical infusion devices tend to be used almost
exclusively in home-care seitings.'
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Mechanical Infusion Devices

Tir Mechanical infusion devices do not rely on sources of electricity 1o operate.
They operated based on simple principles aof mechanical engineering and operate
by infusing a consistent volume of solution through pressure generated either

by a preinflated balloon ar by a tvpe of wound spring. Three common types of
mechanical infusion devices include the elastomeric balloon, the spring-coil
piston syringe, and the spring-coil comtainer None of these tvpes of infusion
devices is designed to deliver large volumes of solution. Typically, they can only
deliver less than 100 mL af any solution.™

Electronic Infusion Devices

Electronic infusion devices may include controllers and positive-pressure infusion
pumps. Controllers do not regulate flow rate directly; rather, gravity is used to
ensure infusion. When flow is disrupted, interrupted, or inconsistent, an alarm
sounds so that the nurse may reset or troubleshoot the setup.

Positive-pressure infusion pumps are also called LV pumps and are the most
commenly used 1LV, delivery device. Intravenous pumps have a variety of features
that ensure guality control and safety for the patient. Many LY. pumps require their
own specific type of administration set that provides proper interface with the pump
equipment. Intravenous pumps can be programmed to regulate the rate of delivery
of the solution within a confidence interval of 95 percent. 484 In addition, most
pumps keep electronic records of the volume to be infused and the volume that has
been infused over a given period of time that are readily retrievable. Some pumps
have a variety of other options. Some pumps can maintain a lengthy record of
historical data for infusions over a time period, whereas others can identify drug
and solution incompatibilities. Some pumps can regulate an additional intermittent
secondary infusion, whereas others are even more sophisticated and permit the
simultaneous use of several continuous pump channels. All LY. pumps feature
alarms, whichinclude airalarms {e.g., that may denote airin the line ordisconnection ),
occlusion alarms, low-power alarms, and an alarm that sounds when the infusion is
complete." Figure 11-2 displays an L.V. pump.

There are some special types of LV, pumps that include ambulatory pumps for
use by patients in outpatient settings. These pumps are discussed in further detail
in Chapter 14. Another commonly used special type of LV, pump that is used
frequently in the inpatient acute-care setting is the patient-controlled analgesia
pump (PCA pump).
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PCA pumps may be manulactured so that they use an L.V, bag but more frequently
are designed so that they use prefilled syringes of analgesic agents. PCA pumps can
be programmed so that they feature many of the same options as a standard LV,
pump. They also can be programmed so that the patient receives a basal rate of the
analgesic agent, which refers to a centain minimum hourly rate of analgesic solution
that the PCA administers, and a demand rate, which is an “as needed” rate (e.g..
PRN dose) that the palient may receive within a given time limit by pushing a
button on the device. These devices have a lock-out safety feature that means that
only the patient’s nurse may change the rate of infusion by inserting a key and
reprogramming the PCA pump.

Summary

Some LV. delivery sysiems are relatively simplistic, whereas others are fairly
complex. In order to ensure safe and effective delivery of prescribed LV, solutions,
the nurse must be competent working with a variety of LV. delivery systems.
Understanding the basic principles that underlie the delivery of LV. solutions by
several commonly used systems helps to ensure this compelency.

Quiz
. Which type of connections are advocated ns safest for ensuring appropriate
interface between the components of an LV, delivery system?
ta) Taped connections
(k) Velcro connections

(c) Luer-lock connections
id) Locked connections

2. Which of the following statements regarding glass LV, bottles is true?
(a) They are easier o store than plastic LV, bags.
(b) They are less susceptible to cracking than plastic LV. bags.
{c) They are collapsible and so do not require venting.

(d) They tend to be compatible with medications and solutions that interact
with plastics.
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An extension set includes which of the following?
{a) A spike

(b} A drip chamber

(c) At least one clamp

(d} Intravenous tubing

A microdrip infusion set may feature a drop factor of
{a) 12 drops/mL.
(b} 15 drops/mL.
{c) 20 drops/mL.
{d} 50 drops/mL

The physician orders that a patient receive 3000 mL of LV. solution in
24 hours. What is the appropriate delivery rate of the solution?

() 100 mL/h
(b) 125 mLéh
(c) 150 mL/h
(d) 200 mL/h

. The physician orders that a patient receive 1000 mL of L'V, solution in

8 hours. What is the appropriate delivery rate of the solution?
{a) 100 mL/h
(b} 125 mL/h
{c) 150 mL/h
(d} 200 mL/h

The physician orders that a patient receive a 230-mL bolus of LY. solution
in 20 minutes. What is the appropriate delivery rate of the solution?

(a) 125 mL/h
(b) 250 mL/h
(c) 500 mL/h
(d) 750 mL/h
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10.

11.

A patient is to receive an LV, solution at a rate of 150 mL/h. The LV.
administration set has a drop factor if 12 dropsfmL. How many drops
per minute must be titrated to achieve the prescribed infusion rate?

(a) 17 drops/min
(b) 30 drops/min
(©) 31 drops/min
{d) 42 drops/min

. A patient is to receive an LV. solution at a rate of 125 mL/h. The LV.

administration set has a drop factor of 20 drops/mL.. How many drops
per minute must be titrated to achieve the prescribed infusion rate?
{a) 17 drops/min

(b) 30 drops/min

{c) 31 drops/min

(d) 42 drops/min

A patient is to receive an LV, solution at a rate of 100 mL/Ah. The L'V.
administration set has a drop factor of 10 drops/mL. How many drops
per minute must be titrated to achieve the prescribed infusion rate?

(a) 17 drops/min
(b) 30 drops/min
(c) 31 drops/min
(d) 42 drops/min

A pediatric patient is to receive an LV, solution at a rate of 60 mL/h, The
LV, administration set has a drop factor of 60 drops/mL. How many drops
per minute must be titrated to achieve the prescribed infusion rate?

(a} 33 drops/min
(b) 50 drops/min
(¢} 60 drops/min
(d) 67 drops/min
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A pediatric patient is to receive an LY. solution at a rate of 80 mL/h. The
LV. administration set has a drop factor of 50 drops/mL. How many drops
per minute must be titrated to achieve the prescribed infusion rate?

(a} 33 drops/min
(b} 50 drops/min
{c) 60 dropsfmin
(d) &7 drops/min

. A pediatric patient is to receive an L'V, solution at a rate of 40 mL/h. The

L.V, administration set has a drop factor of 30 drops/mL. How many drops
per minute must be titrated to achieve the prescribed infusion rate?

(ap 33 drops/min
(b} 50 drops/min
{ch 60 drops/min
(d} 67 drops/min

A pediatric patient is to receive an L'V, solution at a rate of 50 mL/h. The
L.V. administration set has a drop factor of 60 drops/mL. How many drops
per minute must be titrated to achieve the prescribed infusion rate?

(a} 33 drops/min
(b) 50 drops/min
{c) 60 dropsfmin
(d) &7 drops/min

. Intravenous pumps

(a} feature a variety of alarms.
(b} flow by gravity.
(c) can imterface with most standard 1.V, administration sets.

(d} wse aspring-coil mechanism.



CHAPTER 4

Peripheral
Intravenous Therapy

Learning Objectives

After completing this chapter, the learner will

1 Discuss common indications for initiating and maintaining peripheral
intravenous (LY.} therapy.

2y  Understand the steps required to initiate a peripheral LV, line.

3. Differentiate between commonly used peripheral venous access devices in
terms of their physical features and their indications for use.

& Identify methods that may provide stability to an [V, access device.

Describe the steps required to change an L.V, infusion setup, to change an LV,
access site dressing, and to discontinue an LY. administration setup.

Copyright & 2008 by The MecGraw-Hill Companies, Inc. Click here for terms of use



€ s | 1.V. Therapy Demystified

'_‘ Key Terms

Steel-winged infusion devices Midline catheters
Ower-the-needle catheters Saline locks
Short catheters

Indications for Peripheral
Intravenous (I.V.) Therapy

1 The most common indication for initiating L.V, therapy by a peripheral venous
access route is to treat or prevent fluid and electrolyte disturbances. In these
instances, the infusion fluids of choice typically are types of solutions referred to as
crystalloids. Less commonly selected types of infusion fluids could be colloids.
Indications for selecting common crystalloid and colloid solutions are discussed in
Chapters 7 and 8, respectively.

Initiating peripheral LV. therapy also may be indicated to replace or supplement
blood components. Indications for administering common blood components are
discussed in Chapter 9. Another commaon indication for initiating 1.V, therapy is to
administer medications by the LV. route. including intermittently administered
medications {e.g., LV. push medications, LV, “piggyback™ medications) and
continuously infused medications, which are described in more detail in Chapter 11.
In general, if the patient has a central LY, access device in place, it is preferred to
administer blood components and many medications by the central route rather
than peripherally. Indications for central LY. therapy are discussed in Chapter 3.
However, if the patient does not have a central LY. access device already in place,
peripheral routes frequently are considered sufficient for achieving the intended
therapeutic effect simply becauwse there are more inherent risks associated with
initiating and maintaining central L'V. venous access routes than peripheral LY.
ACCESS routes.

A much less common indication for initiating 1.V, therapy by a peripheral route
is to deliver peripheral parenteral nutrition. Central LV, lines are indicated most
commonly as the wvascular delivery route for parenteral nutrients, and this is
discussed in more detail in Chapter 10. It is generally not possible to infuse sufficient
daily caloric requirements for most patients through the peripheral route, but this is
possible to achieve via the central route.
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Initiating I.V. Therapy

#2 Prior to initiating LY. therapy, the nurse must verify that an appropriate
prescriptive order has been written by a physician or other advanced-practice
clinician recognized by the nurse's respective siale board of nursing as having the
authority to prescribe this type of interventional therapy.* Authorized advanced-
practice clinicians may include nurse practitioners, nurse midwives, nurse
anesthetists, or physician assistants. Specific information in the order must include

= Patient identification information

= Specific type of solution ordered

* Rate of administration

Sreep Bomr

Specific information that must be part of an order to initiate peripheral LV,
therapy includes patient identification information, specific type of solution,
and '

The nurse should gather all the equipment required 1o gain venous access and
maintain the LY. line prior to entering the patient’s room. This equipment typically
includes the following:

* Prescribed LY. solution bag hanging on an LY. pole that is connected to LV,
tubing that is primed, or flushed with the solution, This LV, setup may be
connected to an LV, pump or 1o extension lubing that contains additional
capped access ports, Chapter 3 describes how to select and set up this
equipment properly.

* Venous access device of choice (e.g., either wing-tipped needles or over-
the-needle catheters).

= Single-use wurniguel.
= Povidone-iodine swab sticks and alcohol swab sticks.

* Intravenous dressing kit containing either a transparent semipermeable
membrane or sterile gauze and nonallergenic tnpe.

» Towel to roll and place under the patient’s arm, if necessary.
* Diwape o place under the patient’s arm,
* Disposable nonsterile gloves.”
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PATIENT PREPARATION

Competent adult patients prescribed LV. therapy should fully wnderstand the
intended purpose of the therapy, the anticipated length of time that the therapy will
continue, and that there are some risks involved with this therapy. Patients who are
prescribed LY. therapy should understand both its associated risks and its benefits.
Prescribing 1.V, therapy is reserved for patients whose potential benefits outweigh
the potential risks of therapy. Any adverse events that may be associated with the
infusions or with the venous access devices should be discussed with patients
prescribed LV. therapy before it is begun so that they may make fully informed
decisions. Even when it is the opinion of clinicians that initiating L'V, therapy is
much more beneficial than harmful to the patient, decisions made by competent
patients to refuse treatment must be honored as legally binding.

Most agencies require that patient informed consent be obtained prior to insertion
of venous access devices. Standard 10 of the Standards of Practice promulgated by
the Infusion Nurses Society (2006) recommends that informed consent be obtained
from all competent adult patients prior to initiation of 1V, therapy.® In instances
where the patient is either not competent to give consent or is a child or adolescent,
the patient’s legal representative must give consent prior to initiating LV, therapy.
Most ethicists agree that while obtaining consent of school-aged children or
adolescents is not legally required prior to performing any invasive interventions
on them. their assent nonetheless should be solicited.

SELECTION OF VENOUS ACCESS SITES

‘3. Several general conventions are followed for selection of appropriate peripheral
venous access sites, including the following:

= Veins located in the upper extremities are vastly preferred as access sites.

+ Distal venous access sites are tried before proximal access sites.

= Access sites that lie over points of flexion should be avoided.

* Sites that are ipsilateral to other venous access devices, arteriovenous
shunts, sites of lymphatic compromise (e.g., ipsilateral-to-axillary lymph
node dissection from mastectomy ), and areas damaged by phlebitis and
trauma should be avoided.

= If possible, veins on the nondominant arm are preferred first-line access
sites rather than veins on the dominant arm."

Common venous access sites include the dorsal metacarpal veins, the cephalic
vein, and the basilic vein {(Fig. 4-1), with the more distal sites preferred over the



CHAPTER 4  Peripheral Intravenous Therapy

Figure 4-1 An anterior view of the veins that drain the upper right extremity.
(a) Superficial veins (b) Deep veins, (Used with permission from Van De Graafl KM:
Humen Anatemy, Gth ed, New York, MeGriaw-Hill Higher Education, 2002:575.)

more proximal sites.” In instances where peripheral LV, nccess must be established
emergently {e.g., in cases of trauma and shock), then the larger, more readily
apparent and accessible veins within the antecubital fossa are suitable first-line
sites'” (Fig. 4-2). Veins within the antecubilal fossa include the median cephalic and
median cubital veins.

SELECTION OF VENOUS ACCESS DEVICES

@3 In general, there are two types of venous access devices that might be selected
for gaining peripheral LY. access. These include steel-winged infusion devices and
over-the-needle catheters.
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Figure 4-2  Veins of the antecubital fossa. (Used with permission from Wilson SE:
Vascwlar Access: Principles and Practice, 30d ed. St. Louis: Mosby, 1996.)

Steel-Winged Infusion Devices

Steel-winged infusion devices (sometimes referred to as butterfly needles) are
indicated for one-time infusion of [.V. medications rather than continuous infusions
of solutions or medications.* Although it is easier to gain LV, access with these
devices than with over-the-needle catheters, it is much more difficult to maintain
LV. access patency and stability with steel-winged infusion devices for more than
24 hours, so their use for more than a few minutes to hours is not advocated.
Figure 4-3 displays a steel-winged infusion device. These devices tend to be
available in a varety of gauges (G) that commonly range from 19 w0 23 G. The
smaller the number of the gauge, the larger is the needle bore, so 19-G devices are
the largest-bored and 23-G devices are the smallest-bored steel-winged infusion
devices. They are considered short peripheral devices because the length of the
needle is always less than 3 inches.

Over-the-Needle Catheters

Over-the-needle catheters are the most commonly used peripheral LV, access
devices. These devices feature a needle stylet that is attached to a flash chamber. The
stylet has an overlay of an over-the-needle catheter that has an attached hub device
that remains external to the patient after the catheter is placed in the accessed vein.
Over-the-needle catheters are classified as short catheters if the catheters are
3 inches or less in length and midline catheters if the catheters are between 3 and
R inches long." Most catheters used for this purpose are short catheters. Midline
catheters typically are reserved for use in patients who are hospitalized and require
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Figure 4-3 Steel-winged infusion device. (Used with permission from Berman A,
Snyder 5J, Kozier B, Erb GL: Kozier & Erb's Fundamentals of Nursing, Sth ed. Upper
Saddle River, NJ: Prentice-Hall, 2008: 1460.)

frequent restarts of peripheral LV. devices or for patients who require at least
| week and up to 4 weeks of LV, infusion therapy.'” In general. it is preferred that
both short and midline catheters be radiopague.” These catheters are available in
gauges that range from 14 to 24 G."

In general, a catheter is selected so that it is of the smallest gauge and length w
accomplish its intended purpose.” Larger-bored catheters are reserved for larger
veins, which tend to be located more proximally. The larger the bore, the easier it is
to infuse fluids rapidly, and the easier it is to transfuse blood components without
causing the blood cells to hemolyze. In general, packed red blood cells should be
infused via a venous access device that is not smaller than 18 or 20 G." Figure 4-4
shows a common over-the-needle catheter device,

Sreep Bumur

In general, an IV, access catheter is selected so that it ix of the
gaige and length to accomplish its intended purpose.
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Figure 4-4  Over-the-needle infusion catheters.

GAINING VENOUS ACCESS WITH A SHORT
OVER-THE-NEEDLE CATHETER

‘2% The nurse should explain the procedure to the patient prior to commencing the
procedure to gain venous access. Any patient allergies or hypersensitivities should
be ascertained, especially iodine allergies or latex allergies, so that a suitable
alternate antimicrobial solution, such as chlorhexidine, may be selected or so that
nonlatex gloves may be donned as needed.”

The patient’s arm need nol be washed in advance of the procedure unless is it
visibly dirty.® The clinician should wash his or her hands vigorously with soap and
water prior to beginning the procedure.® The 1.V, bag and tubing setup that has been
primed as previously described in Chapter 3 is set at the patient’s bedside, and the
LY. starter kit that includes the over-the-needle catheter is opened. although the
sterility of the needle stylet and catheter must be maintained. The nurse prepares
several 2-inch strips of nonallergenic tape of varying widths, with some ¥ inch
wide and others of | inch width. The preferred procedural steps for obtaining L'V,
access include the following:

* A single-use tourniguet is applied to the patient’s upper arm or upper
portion of the forearm.” It is applied tightly enough to partially obstruct
venous fow but not so tight as to obstruct arterial flow. The patient’s arm
then is dangled in a dependent position for approximately 1-2 minutes.
The patient may be advised to make a fist to further encourage venous
distension.'?
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= The veins are assessed so that the clinician may find a venous site suitable
for access. In generul, the back of the hand is assessed first, followed by
sites on the ventral surface of the forearm as needed, moving from distal 1
proximal veins.® Sites are palpated to determine any areas that might feel
tortuous. Tortwous sites generally are avoided.”

= If a site is selected and there is an excess of body hair, the hair may be
clipped with scissors but not shaved. Shaving may result in dermabrasion
and promote the spread of microorganisms."”

* Afier a suitable venous access site is selected, a nonsterile drape is placed
under the patient’s arm. The site then is cleansed with alcohol swabs ina
circular motion from the center portion of the intended access site ourward.
This may be followed by cleansing of the site with an antimicrobial swab
of povidone-iodine solution using the same motion. The site is allowed 10
dry for at least 30 seconds.*

* Nonsterile gloves are donned."

* The thumb of the nondominant hand stabilizes the skin distal 1o the selected
LV. access site, the forefinger of the nondominant hand is fully extended
under the patient’s hand or arm to provide stability, and the hub of the
catheter is poised in the dominant hand at a 20-degree angle to the patient’s
skin.” The catheter and needle must remain sterile and are not touched. The
bevel of the needle is poised upward, away from the patient’s skin (Fig. 4-5).
The skin is pierced, and the needle is advanced into the vein. The clinician
may feel a “popping” sensation when the vein is accessed, which is venfied
by noting venous blood return in the flash chamber of the device,

* The catheter angle is dropped from a 20- to o 10-degree angle flush with the
patient’s skin, and the catheter is advanced approximately /s to % inch,"”

* The needle stylet is removed gently while the catheter is advanced
simultaneously into the patient’s vein until only the hub is visible,

* The tourniguet is removed, and the forefinger of the nondominant hand is
placed at the approximate site on the skin where the catheter tip is located,
and gentle pressure is applied.

* The cap on the end of the LV, tubing is removed and connected to the hub
of the catheter.

* Intravenous solution is flushed into the catheter, and the insertion site is
observed closely. Venous access is verified if there is no evidence of sudden
swelling at the insertion site and if the L.V, solution can be infused briskly."
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Figure 4-5 Technigue for gaining vascular access using a short over-the-needle infusion
catheter. (Used with permission from Hankins 1. Lonsway RAW, Hedrick C, Perdue MB:

The Infusion Nurses Society: Infusion Therapy in Clinical Practice, 2nd ed. Philadelphia:

Saunders, 2001.)

+ The catheter is stabilized with chevron taping, and the LY. dressing is
applied per agency or hospital policy. If the dressing chosen is a sterile gauze
dressing, all sides of the gauze must be taped. If a transparent semipermeable
membrane is chosen, the 1.V, access site must remain visible.®

* The date and time of access, pauge and length of catheter inserted, and initials
of nurse who started the infusion are written in ink on the dressing lahel "

+ The procedure is documented appropriately in the patient's record.®

GAINING VENOUS ACCESS WITH A MIDLINE
OVER-THE-NEEDLE CATHETER

20 A nurse who is tasked with gaining venous access with a midline over-the-
neadle catheter first must demonstrate significant competency in gaining venous
access using a short over-the-needle catheter.” The recommended procedural steps
for obtaining midline LV, access are similar to those described for short L'V, access
with the following differences:

* Veins in the antecubital fossa are used for this type of venous access "

* The procedure requires sterile gloves and sterile drapes.”
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* Cleansing of the site should be done over a greater skin surface area with
alcohol and then povidone-iodine swabs covering a circular area that is

approximately 4 inches in diameter."

* Then 0.9% normal saline (NS) is used intermittently as a fush solution of
choice as the catheter is advanced to the hub.*

GAINING VENOUS ACCESS WITH
A STEEL-WINGED INFUSION DEVICE

42 Gaining venous access with a steel-winged infusion device generally does not
require more competency or experience than required to gain venous access using
a short over-the-needle catheter. Indeed, some clinicians find that gaining venous
access with these butterfly devices is casier because there is no catheter to thread
into the vein once access is gained. However, as noled previously, maintaining
continued access for more than a few hours is difficult, so indications for using
these devices are limited.

Prior to initiating LV. access with a steel-winged infusion device, the device
must be prepared as follows:

* The tip and needle portion of the device must remain sterile at all times.
* A3, 5 or 10-mL syringe is filled with a few milliliters of sterile 0.9% NS.

» The syringe filled with 0.9% NS5 is connected to the Luer-lock device at the
distal end of the steel-winged infusion device.

* The line and needle of the butterfly device are flushed with some of the
0.9% N5 solution, preserving at least 2-3 mL in the syringe,

After this preparatory procedure is complete, venous access may be initiated. The
veins selected for nccess mirror the selection approach described for short over-the
needle catheters. The procedure for initiating venous access is also similar to that
described for short over-the-needle catheters with the following differences:

» The device is held in the nurse's dominant hand with the bevel of the
needle pointing upward (i.e., away from the patient's skin). The nurse
maintains sterility of the needle by holding the wings of the device pinched
between the thumb and forefinger of the dominant hand.

= Once a “popping” sensation occurs, or once there is blood Aashback in
the proximal end of the tubing, the device is held securely in place, and
placement verification is made by aspirating more blood into the syringe. If
this is difficult to accomplish, the device needs to be manipulated further.



66 LV. Therapy Demystified

= If blood can be aspirated readily into the syringe, then some 0.9% NS is
injected into the site. If the solution can be infused readily, then the device
is secured.

* Dressing methods are similar to those described for a short over-the-line
catheter with the addition of tape on the wings of the device.

* The syringe is removed, the end of the device is connected to the I.V.
administration setup, and the prescribed solution may infuse at the desired
rate.

SECURING VENOUS ACCESS DEVICE PLACEMENT &

L.V. Access-Site Dressing

A sterile occlusive dressing should be applied and then maintained over the LV,
access site. These dressings should be changed whenever they become soiled and
at periodic intervals per agency or hospital protocols.” If a sterile gauze dressing is
used, it should be changed at least every 48 hours. If a transparent semipermeable
membrane is placed over a gauze dressing, then that dressing must be viewed as a
gauze type of dressing and changed every 48 hours.” In general, LY. access-site
dressings that use only a transparent semipermeable membrane need to be changed
only when soiled, when the membrane becomes unstable or loose, or when it is
time to rotate and change the LV. access site.’

Cleaning of the 1. V. access site typically is done as per agency or hospital policy.
Muost policies specify that the site is cleansed with alcohol swabs in a circular
motion from the access site outward, followed by cleansing with antimierobial
swabs such as povidone-iodine again in a circular motion from the access site
outward. The site is air-dried before the catheter is stabilized once again with tape
and a dressing *

8. Whenever an LY. access-site dressing is changed. a label that includes the
length and gauge of the catheter, the date and time that the dressing was changed,
and the initials of the person who performed the dressing change should be placed
over the dressing on a site that does not obstruct visualizing the L.V, access site if a
transparent semipermeable membrane is used.

Arm Board

Single-use arm boards may be indicated if the 1. V. access site is at or near a point of
flexion. If an arm board is used, it should not obstruct viewing the LV. access-site
dressing. Arm boards should not be used as restraint devices. Their placement and
appropriate perindic assessment data should be noted in the patient’s record.®
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VENOUS ACCESS DEVICE ADVERSE EVENTS

Any time that an invasive procedure is performed and a foreign object or device is
inserted, there are inherent risks. It was noted earlier that the benefits of LV. therapy
must outweigh its risks before it is prescribed for any patient. However, this does
not imply that initiating LV, therpy negates inherent risks. The risks of infusing
solutions may include circulatory overload, electrolyte disturbances, and allergic
reactions, to name a few. There are also risks associated with the use of peripheral
venous access devices.
Risks associaled with venous access devices may include the following:

» Access device displacement or “drift”
Infiltration

= Access device conlaminalion

= Phlebitis

* Thrombosis

L]

The nurse must monitor carefully for evidence of any of these adverse events in
patients who are recipients of peripheral LV. therapy. Access device drift may occur
becaunse peripheral access devices are not commonly sutured into place but tend to
be secured in place only with tape and dressings. To prevent displacement from
occurring, it is important lo use access sites on parts of the bady that are manipulated
infrequently, such as the nondominant arm, and not over joints. Nonetheless, even
in the best of circumstances, these devices can drift, and a portion of the catheter
then may become visible oviside the access site. When this occurs, the site is
considered violated, and the device is more likely to become contaminated. In
addition, site infiltration is more likely to occur, which means that the vein at the
accessed site is damaged, causing seepoge of infused solution into the surrounding
tissues. Infiltration typically is evidenced by redness, swelling, tenderness, and a
cool sensation at the venous access sile,

Access devices may become contaminated and then serve as wicks for blood-
borne pathogens. This oceurs most commonly if the dressing becomes soiled or wet
or if the LV, administration line setup becomes disconnected and contaminated.
Contamination of the device may result in sepsis that is evidenced systemically
with fever {or a low temperature in patients who are immunosuppressed), chills,
rigors, and leukocytosis with an increase in bands on the white blood cell count
differential. Contamination of the device may npot necessarily cause a systemic
infection but rather may cause a localized infection, evidenced by phlebitis or
inflammation at the venous access site. This may be evidenced by redness, swelling,
and pain on palpation of the access site. A palpable cord may be felt at the site, and
purulent drainage may be noted. Manifestations of thrombosis tend to mirror those



'l_‘ 68 LV. Therapy Demystified

of phlebitis, but the underlying cause is different. When thrombosis oceurs, a clot
has formed at the access site. This is caused most commonly by an interruption in
delivery of the L.V, solution or by improperly Aushing the LV, access device between
the delivery of intermittent and bolus infusions.

MNursing strategies aimed at preventing and treating these adverse events are
discussed in further detail in Chapter 6.

Changing I.V. Systems

CHANGING ADMINISTRATION SETS

/85 In general, administration sets for peripheral 1.V, lines should be changed no
more frequently that every 72 hours or whenever it is suspected that the system has
become contaminated. Whenever administration sets are changed, the entire system
should be changed at the same time. including I.V. administration container and L. V.
lines, including any extension tubing." Some agencies and hospitals have policies
that dictate that a label is attached to the L.V, administration set tubing that indicates
the date and time that the administration set was last changed and the initials of the
nurse who changed the set. Whenever an LV, access site is rotated, meaning that use
of one site is discontinued and a new LV. site is accessed for continuance of infusion
therapy, then the L.V, administration set should be changed completely.*

CONVERTING TO A LOCK DEVICE

A continuously infusing peripheral 1. V. administration setup may be changed to an
intermittently used capped L.V, access site referred to as a lock device. These lock
devices are also called saline locks because saline (Le.. 0.9% NS) typically is the
flush solution of choice. and saline remains instilled in these locks betwean use to
keep the system patent. Figure 4-6 shows a saline lock. These devices are sometimes
referred to as heparin locks, although heparinized solution is rarely infused into
these devices as it had been in years past. It vsed to be thought that infused
heparinized solution would be superior to saline in keeping these LV, access devices
patent, but this has been found not to be true. and there are also increased risks
associated with the use of heparin that include heparin-induced thrombocytopenia
(HIT). Saline locks typically are indicated for a patient who requires short-term
intermittent L.V, infusions of medications. '

A change from a continuous L.V, administration set to a saline lock requires an
order by a physician or an advanced-practice clinician with prescriptive authority.



CHAPTER 4 Peripheral Intravenous Therapy | 69 /0

Figure 4-6 A zaline lock. (Used with permission from Berman A, Snyder 51,
Korier B, Erb GL: Kozier & Erb's Fundamentals of Nursing. 8th ed. Upper Saddle
River, NJ: Prentice-Hall, 2008:882.)

When this order is verified as appropriate, the nurse then prepares the patient by
explaining the nature of the procedure. The nurse thoroughly washes his or her
hands and gathers the appropriate equipment, including an 1LV. dressing kit
nonallergenic tape, and a lock device, and places these at the patient's bedside table.
The lock device is flushed with sterile saline and then capped. A 3- or 5-mL syringe
that is filled with sterile saline is attached o the access port of the saline lock. If the
patient’s LV, access site is located near o point of flexion, then a short extension
tube may be attuched to the end of the saline lock and is also flushed with saline."

After the appropriate equipment is gathered and the procedure is explained to the
patient, a nonsterile drape is placed under the patient’s hand or arm where the LV.
access site is located. The LV, clamp is rolled shut, and if an LV, pump is used. it is
shut off after the solution infused is noted in the patient’s record. Nonsterile gloves
are donned, and the 1.V, access-site dressing is carefully removed. After all tape is
removed, the nurse places the forefinger of the nondominant hand over a site on the
skin that is approximately proximal to the catheter tip and applies gentle pressure.
The LV. tubing is disconnected from the hub of the LV, access device catheter. the
cap from the saline lock or the shon extension tube is removed, and the open end of
the saline lock or extension twbe is connecled to the hub of the L.V, access device.
The forefinger that had been applying gentle pressure is removed from the patient’s
skin, and saline is infused slowly from the prefilled syringe attached to the saline
lock. The LV. access site is observed closely for any signs of infiltration. If there are
none, then the site is dressed as described earlier.

There may be times when a saline lock must be placed into a new LV. access site.
In such instances, the procedures used mimics those described in the section
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“Gaining Venous Access with a Short Over-the-Needle Catheter” The key difference
is that at the point where the LV. tubing is to be connected to the hub of the venous

access device, the saline lock with or without short extension tubing is connected to
the hub instead. as described in this section.

Discontinuing I.V. Therapy

B Intravenous access devices must be removed and a new access site found
whenever the following occur:

= The catheter has drifted, and a portion of the catheter is visible outside the
patient’s skin.®
* The catheter has become contaminated or it is suspected that the site has

become infected, which may be evidenced by redness, heat, and swelling at
the LV. access site with or without red streaks.®

* The catheter has infiltrated into surrounding nonvascular structures, and the
site is no longer patent, as evidenced by swelling. redness, and tenderness
at the site without appreciable infusion of the 1.V, solution.®

= Thrombosis or phlebitis is suspected at the L.V, access site, which may be
evidenced by redness, swelling, and pain on palpation.*

Intravenous access may be discontinued with an order by the patient’s physician or
advanced-practice clinician with prescriptive authority.® When this order is verified as
appropriate, the nurse then prepares the patient by explaining the nature of the
procedure. A nonsterile drape is placed under the patient’s hand or arm where the LV.
access site is located. The nurse washes his or her hands thoroughly and has an
appropriate dressing setup ready on the patient’s bedside table that may include
nonallergenic tape and a gauze dressing. The LV, clamp is rolled shut, and if an LV.
pump is used, it is shut off after the solution infused is noted in the patient’s record.
MNonsterile gloves are donned, and the LV, access site dressing is removed carefully.
After all tape is removed, the nurse places the forefinger of the nondominant hand
over a site on the skin that is approximately proximal to the catheter tip and applies
gentle pressure. The sterile gauze dressing is placed loosely over the LV, access site,
and the catheter is slowly removed in one motion, pulling until it is completely
removed. The gauze dressing then is applied firmly over the LY. access site until
blzeding has stopped and is taped in place with nonallergenic tape. The site is assessed
in 24 hours for any evidence of infection or thrombophlebitis; if there is none, and if
healing of the site has commenced. the site then may be left open to air.
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Summary

Peripheral LV. therapy is commonly indicated to treat or prevent disruption in fuid
and electrolyte balance, to replace or supplement blood components, and to
administer medications. A number of LV. access devices may be chosen to gain
access, although short over-the-needle catheters are indicated most commonly. In
general, a venous access catheter is selected so that it is of the smallest gauge and
length to accomplish its intended purpose. Peripheral LV. lines must be maintained
appropriately so that system sterility and patency are ensured.

Quiz

1. Which of the following is the least common indication for initiating
peripheral LV. therapy?
(a) To treat and prevent fluid and electrolyte disturbances
(b) To replace or supplement blood components
(c) Toadminister medications
(d) To provide paremteral nutrition

2. Which of the following might be a preferred peripheral venous access site?
()} A vein that lies over a point of flexion
(b) A nontortuous metacarpal vein on a nondominant hand

(c} A median cephalic vein that is ipsilateral to the side where the patient
had a previous axillary lymph node dissection

(d) A vein in the nondominant leg
3. Which of the following L.V, infusion devices is indicated lor one-time-only
administration of & medication”
(a) A steel winged-tipped infusion device
(b) A short over-the-needle catheter
{c) A midline over-the-needle catheter
(d) A heparin lock device
4. An LV. administration set should be changed
(a) every 24 hours.
ib) every 48 hours.
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(c) whenever the system is contaminated.

(d} every other time a new LV. access site is initiated.

Which part of the over-the-needle catheter must remain sterile?
{a) The hub

(b} The flash chamber

{c) The catheter

(d} The connecting tubing

Transparent semipermeable membrane L.V, dressings should be changed
(a) every 48 hours.

(b} every 72 hours.

(c) whenever they are soiled.

(d} as per protocol for transparent semipermeable membrane dressings
when a gauze dressing lies underneath the membrane.



CHAPTER 5

Central Intravenous
Therapy

Learning Objectives

After completing this chapter, the learner will

1. Discuss indications for delivering intravenous (L.V.} therapy by the central
route.

2. Describe advantages and disadvantages to selecting common peripheral and
central access sites when central venous access is indicated.

3» Compare and contrast indications for peripherally inserted central catheters,
tunneled central venous catheters, percutaneous central venous catheters, and
implanted ports.
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%&. Compare and contrast LV, delivery setup features of peripherally inserted
central catheters. tunneled central venous catheters, percutaneous central
venous catheters, and implanted ports.

8. Compare and contrast common adverse events associated with wse of
peripherally inserted central catheters. tunneled central venous catheters,
percutaneous central venous catheters, and implanted ports.

7_’ Key Terms

Infiltrate Phlebitis
Vesicants Valsalva maneuver

Indications for Central
Intravenous (I.V.) Therapy

1. Indications for central L.V, therapy mirror those for peripheral LV. therapy.
That is, central 1. V. therapy is indicated to prevent or treat disturbances in fluid and
electrolyte balance, to replace or supplement blood components, to administer
medications, or to provide a parenteral route for delivery of nutrients.

In general, administering any solution by the central LV, route carries greater
risk than administering a solution peripherally. There is a greater risk for
iatrogenically induced sepsis, thrombosis, and air embolism for patients who have
central LV, lines than for those who have peripheral LV, lines. Patients who have
centrally inserted LV, lines are also at increased risk for pneumothorax and
hemothorax, which can occur during the time of catheter insertion. Therefore, there
are specific indications for initiating and maintaining central LV. therapy. A general
rule of thumb is that the benefits must outweigh the risks whenever central L'V,
therapy is prescribed.

Peripheral L'V, lines do not tend to maintain their patency after 48-72 hours, and
they infiltrate, meaning that the vessels become fragile and lose their integrity. The
1.V. solution then infuses into the surrounding tissues rather than into the vessel.®
Patients scheduled to be maintained on L'V. therapy for several days, weeks. or
months must have stable L.V, access. If peripheral 1.V, venous access sites were (o
be rotated repeatedly every 2-3 days, finding suitable healthy access sites quickly
would become difficult. Therefore, patients who are expected to require LV. therapy
for more than 7 days are candidates for central LV, therapy.'”
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aceurs when veins that are accessed by LV, delivery devices lose
their integrity, and LV solution infuses into surrounding 1issues.

A great many pharmacologic agents are administered intravenously that are
vesicants. Vesicants are agents that may cause blistering.® Thus vesicants can cause
significant venous irritation that typically is more pronounced in smaller vessels.
Vesicants may cause inflammatory changes in smaller vessels, a condition referred
to as phlebitis ® Phlebitis causes not only pain and discomfort for the patient, bt it
also can compromise the integrity of venous access and patency of LV, flow. There
are many pharmacologic agents that are vesicants, but some significant general
categories include chemotherapeutic agents and vasopressors (e.g., dopamine).

The delivery of total parenteral nutrient solutions via the peripheral route also
can cause phlebitis. Therefore, another commoen indication to initiate central LY.
therapy in a patient is to deliver nutritionally complete parenteral nutrition.
MNutritional solutions delivered by the central LV, route may include total parenteral
nutrition {TPN), intravenous fat emulsions (IVFEs), and total notrient admixtures
(TNAs), which are discussed in more detail in Chapter 10.

Central Venous Access Routes

#2. There are several routes by which central veins might be accessed by LV, lines,
which most commonly use specially designed 1V, catheters. It is possible to thread
a lengthy 1V. catheter by a peripheral access site into a central vein. These types of
peripherally accessed central catheters are referred to as peripherally inserted
central catheters (PICCs).* Insertion of PICCs does not carry the risks of hemothorax
or pneumothorax that might occur when central sites are vused for central venous
access. Other venous access sites are central and eommonly include the subclavian
vein and internal jugular vein and less commonly the external jugular vein and
femoral vein." The external jugular vein tends to be a less stable site than the internal
jugular vein or the subclavian vein and therefore is not a preferred first-line large
access vessel. The femoral access route tends to carry greater risks for septicemia
given its proximity to the anus and urethral orifice and therefore is also not as
preferable a first-line vessel as the internal jugular vein and subclavian vein. Central
LV, lines that are accessed by central sites may include tunneled central venous
catheters, percutaneous central venous catheters, and implanted ports. Each of these
will be discussed in the following sections.
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The vein and the vein are both preferred first-
line venous access sites for insertion of central venous catheters.

PATIENT PREPARATION

Many state regulations and laws require that patient informed consent must be
obtained prior to initiating a central LY. line, including a PICC line. If this is the
case, the nurse must ensure that this has been obtained. Competent adult patients
prescribed central L.V, therapy should fully understand the intended purpose of the
therapy, the anticipated length of time that the therapy will continue, and the risks
associated with this therapy. Prescribing central LV, therapy is reserved for patients
whose potential benefits outweigh the potential risks of therapy. Any adverse events
that may be associated with the infusions, with the venous access devices, or with
the procedure used to gain central venous access should be discussed with patients
prescribed central LY. therapy before it is begun so that they may make fully
informed decisions. Even when it is the opinion of clinicians that initiating LY.
therapy is much more beneficial than harmful to the patient, decisions made by
competent patients to refuse treatment must be honored as legally binding.

Standard 10 of the Standards of Practice promulgated by the Infusion MNurses
Society (2006) recommends that informed consent be obtained from all competent
adult patients prior to initiation of any type of LV. therapy.” In instances where the
patient is either not competent to give consent or is a child or adolescent, the
patient’s lagal representative must give consent prior Lo initiating central LY.
therapy. Most ethicists agree that while obtaining consent of children or adolescents
is not legally required prior to performing any invasive interventions on them, their
assent nonetheless should be solicited. As is true with any procedure, the nurse
explains the nature of the central LV, line insertion to the patient in advance, answers
any questions the patient may have, and allays any procedurally related anxiety the
patient may experience.

PERIPHERALLY INSERTED CENTRAL CATHETER

34 Peripherally inserted central catheters (PICCs) are indicated for patients who
require continuous or intermittent 1V, therapy for at least 7 days. PICCs may remain
in place for up to several months, #& PICCs are inserted into veins in the antecubital
fossa and are threaded until the tip of the catheter reaches the lower third of the
superior vena cava, just above the junction of the right atrium.®" Figure 5-1 displays
the correct placement of a PICC.
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Figure 5-1 Properly inserted PICC, with tip in the superior vena cava. (Used with
permission from Perry AG, Potter PA: Clinical Nursing Skills and Technigues, 5th ad.
St Louis: Mosby. 2002:582.)

Nurses may insert PICCs if performing this procedure is approved as within their
domain of practice by their individual state boards of nursing. If this is the case,
then most hospitals and health care agencies enforce specific policies that dictate
the competency that a nurse must demonstrate prior to inserting a PICC line. Most
agencies and hospitals require that nurses eligible 1o insert PICCs first must attend
classes on PICC line insertion and also demonstrate sufficient psychomotor mastery
of venipuncture techniques and gaining venous nccess on multiple patients using
short and midline catheters.

The nurse must gather all appropriate equipment prior lo initiating the therapy.
This equipment typically includes the following:

+ A catheter must be selected for insertion, @& PICCs are available in gauge
(G) sizes that range from 24 w0 16 G, The smaller the number of the gauge,
the larger is the diameter of the catheter. Smaller-gauged PICCs, such as
24- and 22-G catheters, may be appropriate in children and in frail elderly
adults, It is difficult to transfuse blood products in a line that is smaller
than 20 G, however, and this may need to be considered when selecting an
appropriate PICC size.

= PICCs are also available in o vanety of lengths, from 40 1o 65 cm. The length
of the catheter is selected based on the size of the patient. Each patient should
be measured 1o select the appropriate length of catheter. A tape measure may
be used to accomplish this. The end of the tape should be placed approximately
one fingerbreadth below the patient’s antecubital fossa, extended up to the
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shoulder, across the shoulder (o the sternal notch, and then down to the
third intercostal space. The length of this measurement plus 1 cm is the
approximate length of catheter that should be selected.

= It is possible to trim catheters for a better fit, but the catheter must remain
sterile, and therefore, the nurse must ensure that this done on a stenle field
using sterile equipment.

Once the appropriate PICC is selected, other equipment that should be gathered
includes the following:
= One extension tube and cap for each access port on the catheter
* A single-use tourniguet

= A PICC or central line access and dressing kit, which may contain the
following:

* Povidone-iodine swab sticks and alcohol swab sticks
* Scissors

»  Anesthetic agent, such as 1% lidocaine or a dermal anesthetic cream
ie.g.. EMLA cream)

= Several 10-mL syringes filled with sterile 0.9% normal saline (NS}
= Several 21-G needles

* Several 4 % 4 inch and 2 % 2 inch sterile gauze pads

* Transparent semipermeable membrane

* Sterile drape to place under the patient’s arm and a sterile fenestrated
drape to place over the patient's prepped antecubital fossa

* Towel to roll and place under the patient’s arm, if necessary
+ Heparinized flush solution (e.g., 100 units heparin/ml.)
* Protective mask, gown, and goggles for the nurse, plus a mask for the patient

s Two pairs of disposable sterile gloves®

Gaining Venous Access

Adfter the procedure has been explained to the patient, informed consent has been
obtained. and the necessary equipment has been gathered, the nurse thoroughly and
vigorously washes his or her hands and forearms vsing antiseptic soap for 60 seconds.
He or she then assists the patient to a dorsal recumbent position, gently assists the
patient to abduct the preferred arm (e.g., nondominant arm) to a 45- to 90-degree
angle from the torso, and begins the steps to initiate venous access.
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* A protective nonsterile drape is placed under the patient’s arm.

= A single-use tourniguet is applied to the patient’s upper arm just below the
axilla.® It is applied tightly enough to partially obstruct venous flow but not
so tight as to obstruct arterial flow. The patient's arm then is dangled in a
dependent position for approximately 1-2 minutes. A roll may be placed
under the patient’s upper arm. The patient may be advised 1o make a fist to

further encourage venous distension.

* The veins are assessed so thal the norse can find a venous sile suitable for

access. The veins that are preferred for use include the basilic, median

cubital, and cephalic veins.* which are shown in Fig. 5-2. Sites are palpated
o determine any areas that might feel tortuous. Tortuous sites generally are

avoided.” Afier the site is selected, the tourniquet is released.

= If a site is selected and there is an excess of body hair, the hair may be

clipped with scissors but not shaved. Shaving may result in dermabrasion

and promote the spread of microorganisms."

= The nurse genily places a face mask on the patient and then dons a gown,

goggles, and face mask.

* A sterile field is opened, and equipment that is packed sterile is dropped

onto the sterile field. This may include packets of gauze, transparent

semipermeable membranes, 10-mL syringes. and sterile-packed vials of

o
Soge vy Ceghalic vain

Communicating vain
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Mhedian cubital vein

Cephalic vein

Figure 5-2 Veins in the antacubital fossa. (Used with permission from Wilson SE:
Vascular Aceess: Principles and Practice, 3rd ed. 5L Louis: Mosby, 1996:24.)
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lidocaine and saline. Some agencies and hospitals stock ready-made central
venous access kits with all the necessary equipment packed inside the
sterile-packed kit.

The nurse dons the first pair of sterile gloves and prepares the catheter on the
sterile field by flushing it via all lumens with sterile saline (i.e., 0.9% NS).
The extension tubes likewise are flushed and capped.

A sterile drape is placed under the patient’s arm.

The patient’s identified venous access site is prepared by cleansing it

with alcohol swabs in a circular motion from the center portion of the
intended access site outward to a total diameter of 10 inches. This must be
repeated three to five times. This is followed by cleansing the site with an
antimicrobial swab of povidone-iodine solution using the same motions.
The site is allowed to dry for at least 60 seconds.®

The tourniquet is reapplied, the first pair of gloves is removed, and a
second pair of sterile gloves is donned.”

The patient’s arm is draped with a sterile fenestrated drape, leaving an
opening over the intended access site.

The site 15 anesthetized with an injection of 1% lidocaine or with dermal
anesthetic cream.

The selected site is accessed using the catheter’s introducer needle. Once

access is gained, the stylet is slowly pulled back until it is removed. and the
introducer is advanced.

The tourniguet is released.

The catheter is advanced slowly over a period of 5—10 minutes, checking at
intermittent intervals by alternately aspirating for blood return and flushing
with saline. When the catheter has advanced halfway, the patient should be
asked to turn his or her head toward the shoulder of the insertion site, and
the introducer then is removed. The remaining length of the catheter then is
advanced, and the guidewire is removed slowly."”

Blood is once more aspirated from the catheter. and more saline is flushed
through the system.

The extension tube(s) of the setup that is(are) primed with saline are capped.

The site either is secured with the manufacturer’s PICC stabilization device
or is sutured into place. A sterile dressing is placed over the site, which may
include a sterile gauze dressing with a transparent semipermeable membrane.

Access ports are flushed with heparinized Aush solution.
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= The date and time of access, gauge and length of catheter inserted, and initials
of nurse who started the PICC are written in ink on the dressing label."

= Catheter placement is verified with a chest x-ray prior to initiation of LV. fluids.
= The procedure is documented appropriately in the patient’s record.*

Maintaining Venous Access

PICC access sites do not need to be rotaled unless the site appears thrombotic or
it is suspected that the catheter is a source of infection. If a PICC line becomes
partially dislodged. it should not be readvanced.* Gauze dressings should be changed
every 48 hours and whenever they are loosened or soiled. Gaure dressings that
have a transparent semipermeable membrane overlay are treated as if they are
gauze dressings and changed every 48 hours. Dressings that use a transparent semi-
permeable membrane without gaure may be changed as infrequently as every
7 days as long as they remain intact and not soiled.
The equipment needed to change a PICC dressing includes the following:

= Mask
= One pair of nonsterile gloves and one pair of sterile gloves
= Alcohol swabs
= Povidone-iodine swabs
= Dressing
= 4 x4 sterile gauze and tape or
= Transparent semipermenble membrane
Many manufacturer's market ready-made central LY. line dressing kits that tend
to include all the preceding supplies in o ready-to-go package,

The following steps describe a procedure that might be followed to change a
PICC dressing:

* The nurse thoroughly and vigorously washes his or her hands for at least
60 seconds.

*» The nature of the procedure is explained to the patient, and any questions
the patient may have are answered. The patient is assisted into a dorsal
recumbent position, and the patient’s head is tumed so that it is facing away
from the PICC insertion site.

* The sterile equipment is opened using sterile technique and set aside for
future use.

» The nurse applies the mask and nonsterile gloves.
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* The nurse gently removes the dressing, carefully lifting it from the insertion
site so as not to dislodge the catheter.

* The insertion site and catheter are inspected for any evidence of drifting,
cracking, infection, or phlebitis.

* The nurse removes the nonsterile gloves and dons the sterile gloves.

* The site is cleansed with alcohol swabs from the center of the insertion site
outward using a circular motion. The line then is cleansed with an alcohol
swab from the insertion site to the end. If sutures are present, they are also
cleansed with alcohol. The alcohol is allowed to dry.

* The site then is cleansed with povidone-iodine swabs using the same
technique as described previously for cleansing with alcohol swabs.

* The site is dressed per agency or hospital policy using either a gauze
dressing or a transparent semipermeable membrane. If a gauze dressing
is used, the ends of the dressing must be sealed completely with tape ora
transparent semipermeable membrane.

* The date and time that the dressing was changed, the gauge and length
of the catheter inserted, and initials of nurse who performed the dressing
change are written in ink on the dressing label.

» The procedure is documented appropriately in the patient’s record.®

There are some activity and procedural restrictions that patients should be cautioned
to adhere to preserve function of the PICC for the longest time possible. Blood
pressure readings and venipunctures should not be permitted on the arm that has the
PICC line. Patients must be cautioned not to get the PICC dressing wet or dirty.
Drressings should be covered with a protective barrier when patients take showers so
that they cannot get wet or otherwise contaminated. Activities likewise should be
restricted that could either damage the catheter or cause the catheter to drift. These
include lifting of objects weighing more than 10 pounds and any activities that might
entail repeated use of the arm or that might cause the elbow to flex repeatedly.

CENTRAL VENOUS CATHETERS

Central LV, catheters inserted into central venous access sites. including the
subclavian vein, the internal jugular vein, the external jugular vein, and the femoral
vein, are inserted either surgically or percutaneously. Central LV, catheters that are
inserted surgically are inserted in an operating room or surgical suite, and those
inserted percutanecusly are done at the patient’s bedside or in a procedure or
treatment room using sterile technique. All central L'V, catheters that use a central
venous access site must be inserted by physicians or by advanced-practice clinicians
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such as nurse practitioners, nurse midwives, nurse anesthetists, and physician
assistants who have the authority to do so by their respective state boards of
medicine and nursing. Patients whose subclavian or jugular veins are accessed
directly by central catheters have a heightened risk of hemothorax, pneumothorax,
air embolism, thrombosis, and infection.®

#& Centrally inserted LV. lines include tunneled catheters and implantable
ports. Tunneled catheters are so named because they are accessed through a
surgically created subcutancous tunnel that the catheter traverses between tissue on
the chest wall, typically between the stemum and a nipple, and the vein, typically
the subclavian vein. Tunneled catheters maintain nccess-site stability longer and are
associated with smaller rates of infection than nontunneled central lines.” These
catheters feature Dacron cuffs at the wall exit site that soon is surmounded by a coff
of fibrous tissue. This fibrous tissue serves the dual functions of providing line
stability and providing a barrier that is difficult for pathogens (o penetrate and thus
thwarts them from gaining access to the vasculature."”

4 Implantable ports are insered so that patients may receive intermittent
infusions of chemotherapeutic agents, blood components, and parenteral nutrients
over several months. These ports also can serve as a site for withdrawal of blood
specimens. Patients who have implantoble ports frequently have cancer and are
expected 1o receive numerous rounds of chemotherapy. Often these patients also
must submit blood specimens so that results from laboratory analyses can be used to
guide therapy. Blood specimens may be withdrawn readily from the port, saving sick
patients from multiple venipunctures, So that the membranes on these ports are not
ruptured, a special noncoring needle called a Huber needle is used. Figure 5-3 shows

Figure 5-3 Implantable venous access device with a Huber needle and tubing. (From
Berman A, Snyder 5J. Korier B, Erb GL: Kozier & Erb's Fundomentals of Nursing, Beh ed.
Upper Saddle River. NJ: Prentice-Hall, 2008:1458.)
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a typical implantable port with a Huber needle. These devices are inserted
subeutaneously on the chest wall, and the subclavian vein is the most commonly
selected venous access site.

Percutaneously inserted central catheters may be inserted at the bedside. These
types of central 1V, lines must be inserted by a physician or by an advanced-practice
clinician, as described previously. The nurse typically assists during these sterile
procedures, and the equipment setup is similar to that used for insertion of a PICC,
as described earlier. The accurate placement of these lines also must be verified by
x-rays before solutions can be infused safely. Figure 5-4 presents two illustrations
of percutanecusly inserted central catheters.

4% There are many different types of central venous catheter products that can
be selected for any given patient. Some catheters have multiple access ports or
lumens that may be used for infusing multiple types of solutions. Figure 5-5 shows
two common types of catheters, one with a single lumen and another with a triple
lumen.
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Flgure 5-4 Central venous catheters. A. Subclavian central venous catheter. £ Internal
jugular central venous catheter. {Used with permission from Berman A, Smyder 51,
Kozier B, Erb GL: Kozier & Erb's Fundamentals of Nursing, Sth ed. Upper Saddle River,
NIz Prentice-Hall, 2008:1457.)
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Flgure 5-5 Central venous catheters. A. Single-lumen. 8. Triple-lumen catheter. (From
Wilson SE: Vascular Access: Principles and Proctice, 3rd ed. St Louis: Mosby, 1996:71.)

Patients with central LV, lines must maintain sterile dressings over their access
sites that are the same types of dressings that cover PICC insertion sites. The
schedule and technique for changing these dressings are virtually the same as those
described previously for changing PICC insertion-site dressings.
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Venous Access Device Adverse Events

As noted in Chapter 4, any time that an invasive procedure is performed and a
foreign object or device is inserted into a patient, there are inherent risks. The same
rule of thumb that guides whether or not peripheral LV. therapy is indicated guides
indications for central LY. therapy. That is, the benefits of central LY. therapy must
outweigh its risks before it is prescribed for any patient. Although some risks are
less commonly associated with central LV. therapy than with peripheral LV, therapy,
there are other potentially lethal risks that are unigue to central L.V, therapy. Risks
associated with the use of central venous access devices that mirror risks associated
with the use of peripheral venous access devices include the following:

*  Access device displacement or “drift”
+ Infltration

*  Access device contamination

* Phlebitis

* Thrombosis

Other adverse events that may occur that are unique to the use of central venous
access devices include

« Ajr embolism
* Pneumothorax

* Hemothorax

The nurse must monitor carefully for evidence of any of these adverse events in
patients who are recipients of central 1.V. therapy. In particular, access device drift
may occur, which can become vispally evident by noting that part of the catheter
has drifted outside the access site. This occurs less commonly with central venous
access devices that are sutured in place and least commonly with the use of tunneled
catheters or implantable ports. The most common central venous access devices
that become displaced in this fashion are PICCs that are not sutured in place,
especially if they are placed in the dominant arm. When drift occurs, the site is
considered violated, and the device is more likely to become contaminated. In
addition, site infiltration is more likely to oceur, which means that the vein at the
site is damaged. causing seepage of infused solution into the surrounding tissues.
Infiltration typically is evidenced by redness, swelling, tenderness, and a cool
sensation at the venous access site. In general, however, infiltration occurs much
less commonly when a central venous access device is used than when a peripheral
venous access device is used.
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Access devices may become contaminated and then serve as wicks for blood-
borne pathogens. This occurs most commonly if the dressing becomes soiled or wet
or if the LV, administration line setup becomes disconnected and contaminated.
Contamination of the device may result in sepsis that is evidenced systemically by
fever (or a low temperature in patients who are immunosuppressed), chills, rigor,
and leukocytosis with an increase in bands on the white blood count differential.
Device-associated sepsis occurs more commonly with use of central access routes
than with peripheral access routes. Contamination of the device also may be
implicated in causing phlebitis, which may be evidenced by redness, swelling. and
pain on palpation of the access site. A palpable cord may be felt at the site, and
purulent drainage may be noted.

Manifestations of thrombeosis tend to mirror those of phlebitis, but the underlying
cause is different. When thrombosis occurs, a clot has formed at the access sile.
This is caused most commonly by an intermuption in delivery of L'V. solution or by
improperly flushing the LV. access device between the delivery of intermittent or
bolus infusions. In general, central venous access devices are more prone to forming
thrombi than are peripheral venous access devices. Whereas thrombus formation
may not cause problematic emboli when they are located in peripheral vessels. they
can become lethal pulmonary emboli if they are present in central vessels.

Air emboli may form if air is introduced into a ceniral vessel, from air bubbles
that either are infused with the 1.V, infusion or result from disconnection of the LY.
administration line set. These air emboli can cause the same lethal consequences as
thrombi that dislodge and become clotted emboli and cause pulmonary embolism,
respiratory distress, and possibly respiratory failure,

Patients with centrally accessed central LV, lines are ai risk for the potentially
lethal adverse events of pneumothorax and hemothorax, during the time that the line
is inserted. These adverse events may be manifested by dyspnea, respiratory
distress, hypoxemia, and eventual cardiopulmonary failure,

MNursing strategies aimed ot preventing and treating these adverse events are
discussed in further detail in Chapier 6.

Discontinuing Central I.V. Therapy

Central LV. catheters should be removed whenever it is suspected that they are
contaminated or a source of infection, whenever they are damaged, and whenever
it is determined by the patient’s physician that LV. therapy is no longer warranted.
PICCs and nontunneled central catheters may be discontinued by a nurse, whereas
tunneled central catheters and implanted ports must be discontinued surgically.”
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The nurse tasked with removing a PICC line or a nontunneled central LY. line
should be mindful that air embolism formation is the most serious adverse event
that might occur during this procedure. Prior to removing either one of these
catheters, the nurse explains the procedure to the patient, answers any guestions
that the patient may have, and allays any anxiety. Supplies gathered include the
following:

+ A mask and nonsterile gloves
= A suture removal kit
= Several sterile 4 % 4 inch gauze pads and tape

«  Antibiotic ointment

General procedural guidelines for removal of a PICC or a nontunneled central
catheter include the following:

+ The L'V. pump is turned off or the LV, line is clamped if solution is infusing
continuously into the LY. delivery system.

+ The patient is assisted to the dorsal recumbent position and asked to turn
his or her head away from the dressing site. The nurse dons a mask and
nonsterile gloves and carefully remowves the dressing.

= Any sutures are removed with the scissors and tweezers in the suture
removal kit

* The nurse holds a sterile gauze pad over the access site and instructs the
patient to perform the Valsalva maneuver to prevent an air embolus
from entering the open venous access site. This means that the patient is
instructed to forcefully exhale against the closed glottis. The line then is
gently removed.

+ [f resistance is met during catheter removal, the nurse does not continue to
pull but dresses the exposed catheter with a sterile dressing and notifies the
physician promptly. If the catheter can be removed without resistance, it
is completely pulled out, antibiotic ointment is applied over the site, and a
sterile occlusive dressing is placed firmly over the access site.

+ The catheter is examined to ensure that there is no evidence of damage. If
there is any cracking or other notable damage, this is promptly reported to
the manufacturer, typically through the hospital or health care agency’s risk
management office.

* The removal procedure is documented in the patient’s record.

+ The site is reexamined every 24 hours to determine if healing is occurring.
Once the site has apparently epithelialized, it may be left open to air.®
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Summary

Central LV. lines may be indicated for patients who are prescribed [.V. therapy that
is anticipated to last for more than 7 days. Key risks associated with insertion and
maintenance of many of these devices include air embolism, thrombosis, infection,
preumothorux, and hemothorux. Selection of the type of central access device is
predicated on the type of therapy that is prescribed for the patient. In general, the
LV. access route and method of delivery are determined based on weighing the
risks and benefits of therapy.

Quiz

1.

Which of the following central LV. lines carries the lowest risk of access-
associated pneumothorax?

(a) PICC

(b) Tunneled catheter

{c) Implantable pon

(d) Percutaneously inserted subclavian line

Identify the vein that could be selected as an access site for a PICC line?
() Basilic

(b} Subclavian

(¢} External jugular

{(d) Femoral

Identify the vein that provides the best access site for a centrally inserted
central LY. line.

(a) Basilic

(b) Subclavian

{c) External jugular
(d) Femoral

Which of the following adverse events or complications is a less commaon
occurrence with central LV, lines than with peripheral LV, lines?

(a) Pneumothorax
(b} Aar embolism
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(c) Infection
(d} Infiltration

Which of the following adverse events or complications is the most
worrisome in patients who are having their central LY. lines discontinuad?

(a) Pneumothorax
(b} Air embolism
{c) Infection

(d) Infiltration



CHAPTER 6

Intravenous Therapy and
the Nursing Process

Learning Objectives

After completing this chapter, the learner will

1 Understand the applicability of the nursing process for patients who are
prescribed intravenous (1.V.) therapy.
2y Identify the interplay between the taxonomies of the NMorth American Nursing

Diagnosis Association (NANDA), the Nursing Outcomes Classification
(NOC), and the Nursing Interventions Classification (NIC).

3. Recognize common actual and potential nursing diagnoses for patients who
are prescribed LY. therapy.

&  Plan appropriate care for a patient receiving 1.V, therapy based on actual and
potential nursing diagnoses.

Copyright ® 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use
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"_’ ~ Key Terms

Nursing process Nursing Outcomes Classification (NOC)
Morth American Nursing Diagnosis Mursing Interventions Classification (NIC)
Association (NANDA)

Review of the Nursing Process

1. The nursing process is the scientific reasoning used by professional nurses
when they assess, diagnose, plan, intervene, and evaluate plans of care for patients,
families, communities, and populations who have health concerns. MNurses who
provide care to patients who are prescribed intravenous (LV.) therapy must be
attuned to focusing their clinical reasoning skills on the actual and potential nursing
diagnoses that are experienced most commonly by patients receiving LV, therapy.
These diagnoses can form the framework for designing specific plans of care for
these patients. #2% This chapter focuses on those specific North American Nursing
Diagnosis Association (NANDA) nursing diagnoses that are particularly salient
for patients who are prescribed LV, therapy. NANDA compiles a professionally
agreed-on taxonomy of actual and potential nursing diagnoses.'

SrEED Bumr

ix the professional nursing erganization that compiles a professionally
agreed-on taxonomy of aciwal and poteniial nursing diagnoses.

The nursing diagnoses that are highlighted in this chapter may or may not apply
to each and every patient who receives LY. therapy. In addition, this list of diagnoses
is generic and does not take into account individual patient characteristics: therefore,
it is certainly not an exhaustive list. It merely provides a common framework so
that general plans of care that are aimed at treating and preventing clinical sequelae
common to patients receiving LV, therapy can be further identified and discussed.
The framework for the plans of care uses additional taxonomic terms disseminated
by the Nursing Outcomes Classification (NOC) and the Nursing Interventions
Classification (NIC), respectively. Taxonomic terms used by NOC and NIC are
promulgated by the Center for Nursing Classification at the University of lowa."
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i a taxonomic classification system for nursing owtcomes that is
promulpated by the Center for Nursing Classification at the University of lowa.

Common Nursing Diagnoses
for Patients Receiving I.V. Therapy

3: Nursing diagnoses that are commonly applicable for patients receiving LY.
therapy include

+ Deficient fluid volume

+ Risk for infection

+ Risk for injury

+ Risk for disuse syndrome

= Anxiety

+ Deficient knowledge

General plans of care for patients receiving IV, therapy that might be

appropriately derived from each of these nursing diagnoses will be discussed in
the following sections.

DEFICIENT FLUID VOLUME

& Deficient fluid volume that is related to either extracellular or intracellular
fAuid loss is a common reason that patients are prescribed LY. therapy. These patients
must be monitored continuously to ensure that they are exhibiting a positive clinical
response to LV, therapy.

Key assessment parameters that a nurse might find when this nursing diagnosis
is made may include any or all of the following:
Subjective

+ Weakness
+ Thirst
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Objective

Decreased skin turgor

Dry mucus membranes

Increased heart rate

Decreased blood pressure

Decreased pulse pressure

Decreased capillary refill

Change in mental status or level of crientation
Decreased urine output

Increased urine specific gravity
Elevated hemoglobin and hematocrit
Sudden weight loss'®

Similar types of nursing diagnoses that also may be applicable include the
following:

-

Risk for deficient Auid volume

Risk for imbalanced fluid volume'®

Patient risk factors for deficient fluid volume that can prompt the physician or
advanced-practice clinician with prescriptive authority (e.g.. nurse practitioner,
nurse midwife, nurse anesthetist, and physician assistant) to prescribe LV. therapy
might include the following:

Any condition causing a hypermetabolic state (e.g., severe sepsis, severe
burns, or multiple trauma)

Use of medications that can cause dehydration {e.g., diuretics)
Loss of fluids through placement of invasive devises (e.g., nasogastric tubes)

Loss of fluids through the gastrointestinal tract from illness (e.g.., vomiting
and diarrhea)

Lack of ability to self-hydrate because of either cognitive deficiencies
{e.g., dementia or deliriom) or physical immobilice"™

Patients at risk for an imbalance in their fluid volume status who likewise might
be prescribed LY. therapy include those scheduled for major surgical procedures™
{e.g.. patients whose surgical procedures take longer than 30 minutes). In addition,
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patients receiving LV. therapy because of deficiencies in fluid volume are at fAsk for
the complication of excess fluid volume il their LV, fuids are administered
overzealously, and they must be monitored for clinical manifestations suggestive of
fluid volume overload.

Expected outcomes for patients receiving LY. therapy who are diagnosed with
deficient Auid volume or who are diagnosed as ot risk for deficient fluid volume or
imbalanced fluid volume include the following:

= The patient will achieve electrolyte and acid-base balance.

» The patient will achieve fluid balance.

» The patient will be adequately hydrated.”

Mursing interventions that may be appropriate to ensure thal patients receiving
LV. therapy achieve these expected outcomes may include the following:

* Key subjective and objective assessment parameters that were identified
previously for improvement, stabilization, or deterioration in the patient’s
fluid volume status are reassessed conlinuously,

* The patient’s intake and output are assessed and documented on a daily basis.

* The patient’s daily weight is assessed and documenied.

» The patient's LV. therapy administration setup is mainiained using the
prescribed solution, and the solution is delivered at the prescribed rate.

* The patient’s vital signs are monitored at prescribed intervals,

» Key laboratory findings are assessed to determine whether the patient’s
Auid volume status has improved, stabilized, or deteriorated. These may
include a complete blood count (CBC), serum chemistries, and urinalysis
(UA).

* The effects of prescribed medications that might further contribute to or
exacerbate fluid volume loss (e.g., diuretics) are monijtored,

= The effects of prescribed therapies that might further contribute to or
exacerbate fluid volume loss (e.g., nasogastric tubes) are monitored.™

RISK FOR INFECTION

4. A patient who has any type of invasive procedure is at risk for infection."
Patients who are receiving L.V, therapy have an invasive procedure performed that
results in the placement of a venous access device that can serve as a wick for
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transmission of pathogens to the patient. Patients receiving LV, therapy who are
particularly at heightened risk for infection include

-

-

Patients with contaminated LY. dressings. LV, access sites, and LV.
solutions or delivery systems.

Patients who have multiple concomitant chronic illnesses.

Patients who are immunosuppressed (e.g., patients with AIDS, active
neoplasms, or receiving corticosteroids).

Patients who are malnourished.™

The expected outcome for patients receiving LV, therapy is that they remain free
from infection." Nursing interventions that help to ensure this include the following:

-

Asepsis is maintained in the LV. delivery system by periodically changing the
delivery setup while maintaining sterility of the solution and interconnections
as per agency or hospital protocol, as specified in Chapter 3.

The LV. dressing is changed periodically as per guidelines specified in
Chapter 4 for peripheral 1.V, dressings and as specified in Chapter 5 for
central LV, dressings.

The L.V. insertion site is assessed carefully during dressing changes and

as per agency or hospital protocol for evidence of infection or phlebitis.
This may be evidenced by erythema (i.e.. redness), edema (i.e.. swelling),
streaking, purulent drainage, or finding a palpable venous cord at the
insertion site. If any of these are present, they are graded using the phlebitis
scale® noted on Table 6-1, the physician is notified, and the findings are
documented in the patient’s record.

Wital signs are monitored as ordered for the patient, and any fever (e.g.,
temperature = 100.4°F) in any patient or low temperature (=97.2°F)in a
patient who is immunosuppressed is noted. The patient’s physician is notified
if any of these occur, and findings are documented in the patient’s record.

The white blood cell (WBC) count is scrutinized on the CBC when
ordered. Infection is suspected in patients with elevated total WBCs (e.g.,
=1 1,000 mm*) or decreased WBCs in patients who are immunosuppressed
(e.g., <4000Wmm). If a WBC differential is completed, a band count that
comprises more than 10 percent of the sample suggests host invasion by
bacterial microorganisms.

The patient is taught principles and methods that can prevent infection,
including that the LV, dressing must be kept clean and dry, that the delivery
system must stay intact and not be disconnected. and that any insertion-site
pain or noteworthy changes in site appearance should be reported promptly. "
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Table 6-1 The Phlebitis Scale®

Grade Climical Criteria

0 No symploms

1 Erythema ot access site with or without pain

2 Pain at access site with erythema andlor edema

3 Pain at acoess site with erythema andior edema
Streak formation

4 Pain at scoess site with erythema andfor edema
Streak formation
Palpable venous cord more than | inch in length
Purulent drainage

RISK FOR INJURY

48 Patients who are prescribed LV. therapy are at risk for externally induced
injuries," otherwise called iatrogemic injuries. Patients may be at risk for
complications or adverse events that result from insertion of a venous access
device, as a consequence of maintaining LV, therapy, or when a venous access
device is removed. Some of the most pertinent complications and adverse events
include infection, infiltration, thrombosis, air embolism, pneumothorax, and
hemothorax. Risk for infection has been discussed previously; therefore, this
section will focus on the other specified complications, Expected outcomes include
that patients will remain free from these injurious complications." Nursing
interventions revolve nround ensuring vigilunt surveillance and facilitating prompt
collaborative action with the patient’s physician if any of these complications
oceur. The nurse also plans interventions that are known to decrease the likelihood
that the complications will occur.

Infiltration occurs when a vein that is used os an access site for an LV, delivery
system becomes fragile and is injured. LV, solution then leaks into the surrounding
tissue. This happens more commonly when access devices are placed in smaller,
more fragile peripheral veins than when access devices are placed in central veins.
The nurse monitors the LY. site for infiltration;

* Whenever dressing changes are done
* Whenever the 1.V. delivery system is changed

» Whenever the solution is not flowing properly or there is an apparent
obstruction to flow
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* Whenever the patient complains of pain or tenderness at the LV, access site

+ At intervals noted per agency or hospital protocol

The nurse should document the presence or absence of infiliration on the patient’s
record using the infiltration scale® that is displayed on Table 6-2. Whenever
infiltration is suspected in a peripheral LV, line, the line should be discontinued and
begun again using a different vein. Warm compresses may be applied to the site of
infiltration to alleviate discomfort and edema and to encourage the expeditious
absorption of the infiltrate.* Suspected infiltration of a central LY. line should be
reported to the physician, and the data that support this suspicion should be
documented in the patient’s record.

Thrombosis occurs when a blood clot (i.e.. a thrombus) forms on the venous
access device.® Thrombi may form on any type of venous access device whether it
uses a peripheral or central access site. Clinical manifestations of thrombosis tend
to mimic those of phlebitis, and generally, the nursing interventions mirror the
treatment for suspected infiltration of peripheral and central L'V. access devices.
That is, whenever thrombus formation is suspected on a peripheral venous access
device. the line is discontinued, and a new site is accessed using a fresh delivery
setup and access device. The old access site is treated with a warm compress
Suspected thrombus formation on a central access device should be reported
promptly to the physician, and supporting evidence should be documented in the
patient’s record,

Thromboses might be prevented by periodically flushing access devices per
agency or hospital protocol if patients are not receiving a continuous infusion.
Flushes commonly used include saline (e.g., 0.9% normal saline [NS]) and
heparinized Aush solution (e.g.. 100 units heparin/mL). Thrombi can become
dislodged and become emboli, which may cause target-organ damage. Peripheral
thrombi rarely are associated with significant target-organ damage. However,
thrombi that form from central venous access sites can dislodge and become embaoli
that then rapidly travel from the central venous vasculature to the right side of the
heart and into the pulmonary vasculature, cavsing pulmonary ischemia, pulmonary
infarction, and eventually, pulmonary necrosis. This may be manifested by dyspnea,
confusion, hemoptysis, and respiratory failure.

Adr emboli may form in the venous vasculature whenever air inappropriately
infuses into the vein via the L.V, delivery system. This may occur if there are air
bubbles in the solution that are not flushed out before infusion into the patient. A
few small air bubbles rarely cause any significant complications when they infuse
into a peripheral vein because vascular flow breaks up the air bubble before it
reaches the central vasculature. If air bubbles infuse into a central LY. line, however,
this can cause serious injury because a pulmonary embolus may form, leading to a
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Table 6-2  The Infiltration Scale"

Grade Clinical Criteria
] No symploms
i Skin blanched
Exdema less than | inch in any direction
Skin coul to wuch
With or without pain
2 Skin blanched
Eadema from 1-6 inches in any direction
Slkin cool 1o 1oach
With or without pain
3 Skin blanched. wranslucent
Giross edema more than 6 inches in any direction
Skin cool o iouch
Mild to moderate pain
Possible numbness
4 Skin blanched, tranxlucent
Shin tight, leaking
Skin discolored, bruised, swallen
Ciroas edema more than 6 inches in any dircction
Decp pitting tissue edema
Ciredlatory impairment
Muosderale to severe pain

Infiltrution af any smount of blood product,
irritunt, or vesicant

pulmonary infarction and pulmonary necrosis, Whenever central LV, lines are
initiated, disconnected, or discontinued, normal changes in intrathoracic pressure
that occur during the respiratory cycle can result in air being drawn into the access
site. This is another key cause of air embolus formation. This may be prevented by
coaching the patient to perform the Valsalva maneuver whenever a central LV. line
setup is initiated, changed, or discontinued.®

Poneumothorax and hemothorx are serious complications that can occur during
insertion of a central venous access device." Pneumothorax is caused when the
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introducer used to gain central venous access inadvertently punctures the pleural
space, resulting in air being pulled into that space and causing partial or total
collapse of the lung on the side of the injury. Hemothorax may occur if a vessel is
punctured during this process, causing blood to fill the pleural space, and the lung
then collapses. Both pneumothorax and hemothorax may be manifested by dyspnea,
respiratory distress, hypoxemia, and eventual cardiopulmonary collapse if emergent
decisive action is not taken, including the insertion of a chest tube.

RISK FOR DISUSE SYNDROME

4% Patients with peripheral I.V. access sites that are located close to joints may
have restricted mobility and may need to use arm boards to ensure that the venous
access device remains stable and intact. When this occurs, these patients may be
at risk for disuse syndrome, which can be manifested by weakness of the muscles
around that joint and possible muscle atrophy.'® Therefore, the expected outcome
for patients who must use arm boards or other types of ancillary devices that limit
mobility because of the location of their venous access devices is that muscle
weakness and atrophy will not occur.'" An obvious nursing intervention that can
prevent disuse syndrome is to select a venous access site that is not located near
a joint." If it is necessary to place a venous access device close to a joint, then the
nurse can intervene to prevent disuse syndrome by removing the arm board or
immobilizing device periodically to assess musculoskeletal integrity and by
having the patient periodically contract and relax the at-risk muscles without
moving the joint.

ANXIETY

. Anxiety is experienced commonly by patients who are prescribed LV, therapy,
particularly during initiation of L.V, access. Many patients will tell the nurse that
they are anxious about having venipuncture performed and a venous access device
inserted. Evidence that also can support the nursing diagnosis of anxiety includes
the following patient manifestations:

Behavioral manifestations

* Scanning and vigilance
* Poor eye contact
* Restlessness

= Fidgeting
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Affective manifestations

= Irritability

* Increased wariness

= Worried, apprehensive
Physiological manifestations
= Vbice quivering

* Trembling, shakiness

= Increased perspiration

* Facial tension

= Faintness™

The patient’s anxiety may be related o stress or to perceived threats to the
patient’s health status and interactive patterns.' An appropriate expected oulcome
is that the patient copes appropriately with LV. initiation and maintenance therapy.'*
Nursing interventions that may help the patient cope appropriately include discussing
the nature of the procedure in advance with the patient and answering any questions
the patient may have, thus offering anticipatory guidance. Relaxation and distraction
also may be appropriate nursing interventions while venipuncture is being performed
and the venous access device is inserted.™

DEFICIENT KNOWLEDGE

& Many patients prescribed LV, therapy have never had an LV, line placed
previously and do not understand the rationale for its placement, do not know
methods they may take to ensure its safe maintenance, and do not understand how
LY. therapy may benefit them. They may tell the nurse that they do not understand
why they need an LY. line placed or express fear or bewilderment over their role in
ensuring that the LV, administration setup is maintained as prescribed. Expected
outcomes for these patienis are that they verbalize appropriate knowledge of both
the LV. initiation procedure and their role in ensuring maintenance of the therapeutic
LV. regimen."

Appropriste nursing interventions for patients who have LV. access devices
placed would include explaining to the patient the rationale for the therapy and how
the LV. therapy will help improve their overall health status and teaching them
methods they may use to prevent complications from occurring. '
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Summary

The professional nurse uses the nursing process when rendering care to a patient
prescribed LV, therapy. Actual and potential nursing diagnoses form a framework
for planning care for these patients. Identifying the actual and potential nursing
diagnoses that are particularly salient for patients who receive LV, therapy helps
nurses to focus their plans of care appropriately.

Quiz
l. Which of the following is nof a common NANDA nursing diagnosis for a
patient prescribed L'V. therapy?
(a) Deficient Auid volume
(b} Risk for disuse syndrome
{c) Anxiety
(d} Decreased cardiac output

2. Patients at risk for deficient fluid volume would include alf but which of
the following?

(a) Patients unable 1o self-hydrate

(b} Patients with dry mucus membranes
{c) Patients prescribed diuretic agents
{d} Patients scheduled for major surgery

3. Clinical manifestations that might suggest phlebitis at the venous access
site include which of the following?

(a) Blanched skin
{b} Numbness
(c) Skin cool to touch

{d} Purulent drainage
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4. Which of the following complications is least fikely to occur when a central
venous access device is used rather than o peripheral venous access device?

{a) Infiltration
ib) Air embolism
ic) Pneumothorax
id) Hemothorax

5. Which of the following statements about disuse syndrome is true?

(a) Disuse syndrome may be prevented by choosing a peripheral access
site that is not in close proximity 1o a joint.

(b) Disuse syndrome alwuys results in atrophy of muscles.

(c) Disuse syndrome may be prevented by periodically flushing venous
access devices with heparin flush solution (e.g., 100 units heparin/ml ).

(d) Disuse syndrome may be prevented by encouraging the patient to flex
and extend the immobilized joint periodically.
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Crystalloid
Solutions

Learning Objectives

After completing this chapter, the learner will
1. Discuss the characteristics of various types of crystalloid solutions.

2. Differentiate isotonic. hypotonic, and hypertonic crystalloid selutions from
each other.

3. Compare and contrast the initial response and the therapeutic response that
oceur when crystalloids are infused intravenously.

&  Discuss indications for use of common crystalloid solutions.

ldentify adverse events that may occur when common crystalloid solutions
are infused intravenously.

Copyright @ 2008 by The McGraw-Hill Companies, Inc. Chck here for terms of use
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‘_‘ Key Terms

Crystalloids
Initial response
Therapeutic response

Crystalloids Defined

2. Crystalloids are types of intravenous (L.V.) solutions that contain solutes
dissolved in water.” These solutes may include dextrose. electrolytes, or a
combination of both. Crystalloids are described in terms of their tonicity as
compared with plasma. They are also classified according to their composition as
sodium solutions, dextrose solutions, or mixed electrolyte solutions. Because
crystalloids are not particularly viscous, they can be administered rapidly through
both peripheral and central V. lines.*' Crystalloids are administered most commonly
either to correct or to prevent fluid and electrolyte disturbances. Once administered
into the vasculature, crystalloids tend to distribute their concentration rapidly in a
manner that mirrors the physiologic distribution of fluids into the intracellular and
extracellular fluid compartments depending on the tonicity of the solution.!

SreEp BuMmr

The most common indication for prescribing intravenous (LV.) infusions of
crystalloids is to correct or prevent disturbances.

Tonicity of Solutions

The term tonicity was defined in Chapter 2 as a measure of osmotically active
particles in a given solution for a unit of mass. Tonicity refers to the ability of a
given solution to generate osmotic pressure. #2% Crystalloids that have a tonicity
that is similar to that of plasma are considered isotonic because they generate little
osmotic pressure. Simplistically, this means that isotonic Auids have little appreciable
effect on cells that come into contact with them. On the other hand, solutions that
are hypotonic and hypertonic do generate osmotic pressure-gradient changes
between the extracellular and intracellular environments. Cells that come into
contact with hypotonic solutions tend to swell, whereas cells that come into contact
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Table 7-1 Tonicity and Electrolyte and Dextrose Composition of Commonly

Prescribed Crystalloids
Na® K o Ca™ Ladatr | Devtirese
Isstomic Salutions mieml. | imlgl)  imEgl) | imEgl) | imHgl) | imEgiLi | {wmidL)
Safine {0.9% NS) L] L5 154
50y devinver in wEEr l'I},"l"I- b 1] 5
Ringes's i T 14% i
Lactated Ringer's (LR Y m 1 4 o i 3
N | K o ™ Lactate | Destros
Ty piobismbi SeishiaFitirs mihmll.  imEgl)  imlgl) | imEgl) | imkgl) | imEgfi (mhdiLi
Hil swend sadines (0 455 M) 135 n 11
N K- cr Cae lactate | Devtrose
Hypertsnic Solutises mibnd. | imEgli | imEgl) | (mEgll | imEgl) | imEgLh | ik
5 Sodimm chlevle (95 K5 114 513 L1 1]
[ Devbose 12 wuisp I'I]."r L. 3]
3% Deivrsetuli sl il
(DL NE) A ™ TF 5
36 Dextrose—noevmul saline
D,0.9% NS) S0 154 154 5
3% Dexirous- lncased Ringer's |
(D LE) m 10 1 1% 3 I8 ¥

with hypertonic solutions tend (o shrink.” Table 7-1 lists the osmolalities of
commonly prescribed isotonic, hypotonic, and hypertonic erystalloid solutions and
their respective electrolyle and dextrose contents.

ISOTONIC SOLUTIONS

Lsotonic solutions have o tonicity that is similar to that of plasma. The osmolality of
plasma is approximately 285 mOsm/L, and it has an approximate electrolyte content
of 310 mEg/L. Crystalloids are considered isotonic if their osmolality ranges
between 275 and 310 mOsm/L. Examples of these include saline (i.e.. 0.9% normal
saline [NS]), lactated Ringer's (LR) solution, and 5% dextrose in water (D,W).*

HYPOTONIC SOLUTIONS

Hypotonic solutions have a tonicity that is less than that of plasma with an
osmolality that is less than 275 mOsm/L and an electrolyte content that is less than
250 mEg/L. As noted in Chapier 2, when cells have a greater osmolality than the
solutions that surround them. osmotic pressure is gencrated, and fluid moves across
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the cell membranes and into the cells, causing cellular swelling. Examples of

commonly prescribed hypotonic solutions include free water and half-normal
saline {Le., 0.45% NS).

HYPERTONIC SOLUTIONS

Hypertonic solutions have a tonicity that is greater than that of plasma with an
osmolality greater than 310 mOsm/L and an electrolyte content that exceeds
375 mEqg/L. Cells bathed in a milien of a hypertonic solution behave the opposite
of those in contact with a hypotonic solution. That is, osmotic pressure is indeed
generated when cells come into contact with a solution that has a greater osmolality
than the osmolality of their intracellular fluid. However, in these cases. intracellular
fluid tends to shift by osmosis across the cell membrane into the extracellular
environment, causing cellular shrinking. An example of a commonly preseribed
hypertonic solution is 5% dextrose in saline (i.e., [,0.9% NS§). =

Physiologic Responses to Crystalloid Infusions

Crystalloids come into immediate contact with blood cells when they are infused
intravenously. They also come into contact with the cells that line the vascular
endothelium, which are the cells that line the inner layer of the vasculature and
that interface directly with blood. #3% The blood cells and endothelial cells tend
to respond in some way to their contact with the crystalloid solution. This is
referred to as the initial response ™ The nature of how the crystalloid solution
eventually disperses itself into the body's fluid compartments is referred to as the
therapeutic response.™

INITIAL RESPONSE

The nature of the initial response depends mostly on the tonicity of the crystalloid
that is infused intravenously. As noted previously, hypotonic solutions cause cells
that come in contact with them to swell. Therefore, blood cells and vascular
endothelial cells that come in contact with hypotonic solutions swell. Half-normal
saline (i.e.. 0.45% NS3) is a hypotonic solution that can cause this type of initial
response. Conversely, blood cells and vascular endothelial cells that come into
contact with hypertonic solutions may shrink. Hypertonic solutions that may cause
this type of initial response may include 3% sodium chloride (3% NaCl), 10%
dextrose in water (D, W), 3% dextrose in half-normal saline (D,0.45% NS). 5%
dextrose in normal saline (D,0.9% NS), and 5% dextrose in lactated Ringers
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solution (D_LR). In either case, cell function is hampered, and cell Iysis and death
may occur if the solution is either hlgh:l}r hypotonic or hypu:ﬂumc

A clear advantage 1o using isotonic solutions is that the integrity of blood cells
and endothelial cells is not compromised. However, there are therapeutic indications
for prescribing hypotonic and hypertonic solutions. For instance, in cases of
hypernairemia, the cells are ol risk of shrinking, and cellular lysis may occur.
Administering a solution such as D.W actually may have the therapeutic effect of
causing cellular rehydration. Conversely, in cases of hyponatremia, the cells tend to
swell and become damaged. Administering a hypertonic solution such as 3% NS
can have the favorable effect of diminishing cellular swelling and comecting the
hyponatremia.™

Sreep Bomr

The nature of the initial response depends mostly on the of the
[fluid that is infused intravenously.

THERAPEUTIC RESPONSE

Crystalloids tend 1o be dextrose- or electrolyte-based solutions or a combination of
both. The solutions that are electrolyte-based are either primarily sodium-based
(e.g., 0.9% NS or saline) or contain multiple electrolytes (e.g., LR). Saline and LR
are isotonic solutions, Therefore, their therapeutic response mirrors the physiologic
distribution of fluids in the extracellular fluid, and 75 percent of the Auid infused
rapidly disperses into the interstitinl space, wherens 25 percent of the fluid infused
remains within the intravascular space, Therefore, for each liter of saline or LR that
is infused, 7500 mL disperses into the interstitial space and 250 mL remains within
the vascular compartment,

Although DWW is considered an isotonic solution, it behaves much differently at
the physiologic level during the therapeutic response than either saline or LR, The
dextrose in the solulion becomes consumed by the cells, and eventually, only free
water remains, Water is hypotonic compared with intracellular fluid, and the cells
respond by swelling. The actual dispersion ol the water into fluid compartments is
predictable because, once again, it mimics distribution of fluids into the intracellular
and extracellular fluid compartmenis ot the physiologic level. Approximately two-
thirds of the water will disperse intracellularly, whereas the remaining one-third of
the water will stay within the extracellular fluid (ECF) compartment. Thus, for each
liter of DW infused, 667 ml will disperse into the intracellular fuid (ICF)
compartment and 333 mL will disperse into the ECF compartment. Of the 333 mL
of water dispersed into the ECF, approximately 75 percent will disperse to the
interstitium (ie., 250 mL), whereas only 25 percent will remain within the
intravascular space (i.e., 83 mL).™
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Many crystalloid solutions contain a combination of dextrose and electrolytes. A
commonly prescribed combination solution is D 0.45% NS. This solution is
considered hypertonic, with an approximate osmolality of 406 mOsm/L. However,
once the cells consume the dextrose in this solution, the balance of solution
remaining is half saline and half free water, which is slightly hypotonic. Thus it can
be predicted that for each liter of D.(045% NS infused, half the solution eventually
will disperse in the manner of free water, and half eventually will disperse in the
manner of saline into the respective fluid compartments. Eventually, 333 mL of
fluid will disperse into the ICF compartment, 500 mL of fluid will disperse into the
interstitium, and 167 mL of fluid will remain in the vascular space.™

Another commonly prescribed hypertonic solution that contains a mix of both
dextrose and electrolytes is D,0.9% NS. This crystalloid solution has an osmolality
of 360 mOsm/L. Once again, the dextrose in the solution is consumed soon after it
is infused by the host's cells; when this occurs, the solution that remains is saline
(0.9% NS}, which is isotonic. Therefore, for each liter of D 0.9% NS infused,
750 mL eventually will disperse to the interstitial space, and 250 mL will remain in
the vascular space. D LR, another hypertonic solution with an osmolality of
527 mOsm/L, behaves in exactly the same manner. That is, once the dextrose in
solution is consumed, the remaining LR behaves as an isotonic solution and
distributes 75 percent of the infused solution into the interstitium, with distribution
of the remaining 25 percent within the vascular compartment.

Composition of Solutions

Crystalloid solutions are classified based on their tonicity and their composite
solutes. Most crystalloids are sodium-based solutions, dextrose-based solutions,
mixed-electrolyte solutions, ora combination of any of these. Combination solutions
tend to contain both dextrose and sodium or both dextrose and mixed electrolytes.
Most combination solutions tend to be hypertonic and behave as described earlier
in terms of therapeutic response.

SODIUM SOLUTIONS

Sodium-based crystalloids may be isotonic (e.g., saline or (L9% N5}, hypotonic
{e.g., half-normal saline or 0.45% NS}, or hypertonic (e.g.. 3% NS). Saline is
sometimes referred to as normal saline because its osmolality closely mirrors that
of plasma. % It is the crystalloid that has the least risk of causing hemolysis of
red blood cells and therefore is the flush solution of choice when blood transfusions
are given. It is also indicated to replenish or support circulatory volume during
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states of shock or in acute conditions that may result in shock states. including
severe dehydration, diabetic ketoacidosis, burns, and adrenal insufficiency.®
S Complications associated with overzealous infusion of saline may include
fluid overload, hypokalemia and dilution of other key electrolytes., and
hyperchloremic acidosis."**

#&. Indications for prescribing LV. infusions of half-normal saline (i.e, 0.45%
NS} generally revolve around conditions that result in cellular dehydration.
Examples of conditions that might result in cellular dehydration include overzealous
use of diuretic agents, excessive vomiting, and hyperglycemic hyperosmolar
nonketotic coma.™ 8. Complications that may arise from infusion of half-normal
saline include hyponatremia and cellular overhydration and swelling.*

. Hypertonic sodium chloride LV, solutions (e.g.. 3% NS) are prescribed
most commonly to treat severe hyponatremia that may result from renal failore,
excessive diaphoresis, or excessive intake of free water. @80 Patients who receive
infusions of hypertonic sodium chloride are at heightened risk of suffering
circulatory overload. This solution also irritates peripheral veins and should be
administered slowly to prevent both venous irritation and circulatory overload.™

DEXTROSE SOLUTIONS

Dextrose-based crystalloids tend to be composed of varying amounts of dextrose in
free water. The most commonly prescribed dextrose-based solution is 5% dextrose
in water (D, W). As discussed previously, D)W is an isotonic solution with an
osmolality of 280 mOsm/L. However, once thﬂ dextrose dissolved in this solution
is metabolized by the body cells, the free water that remains from the original
solution behaves like a hypotonic solution. #%. Indications for LY. infusion of this
solution therefore include hyperosmolar states and hypernatremia.® The dextrose
in this solution provides minimal caloric content { 170 keal/L) that may help to avert
ketosis in patients who are NPO. The dextrose also serves to facilitate the transport
of potassium from the extracellular into the intracellular environment. thereby
promoting electrolyte balance in both the ICF and ECF compartments.™

There are other dextrose-based solutions of variable concentration dissolved in
free water, including. for instance. 10% dextrose in water (D W) and 50% dextrose
in water (I}, W). These solutions tend to behave as highly hypertonic solutions
when first infused and generally are administered for the treatment of hypoglycemia.
#8% Because dextrose-based solutions tend to be guite acidic, with pH values that
range from 3.4 to 4.0, they can irritate peripheral veins when they are infused.
Complications that may occur as a result of L'V, infusion of dextrose-based infusions
include hyperglycemia, hyponatremia, and water intoxication. In addition, highly
concentrated dextrose solutions may cause an osmotic divresis with resulting
dehydration. =#
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MIXED-ELECTROLYTE SOLUTIONS

Ringer's and lactated Ringer’s solutions are commonly prescribed mixed-
electrolyte solutions. Both are isotonic solutions that may be prescribed when fluid
is depleted within the vascular compartment, as may occur in shock states or
conditions that result in shock. Lactated Ringer's (LR) solution is sometimes also
called Hartmann ‘s selution. Both LR and Ringer’s solutions contain concentrations
of multiple electrolytes that are similar to the composition of plasma. % However,
LR tends to be prescribed more frequently than Ringer’'s because it also contains
lactate. Lactate metabolizes into bicarbonate, which buffers the acidity of the
solution and may partially correct the metabolic acidosis that ensues in states of
shock. Because of this, LR is preferred by some clinicians as the crystalloid of
choice for treating shock states over not only Ringer's but also saline, which can
cause a hyperchloremic acidosis. However, LR is contraindicated in patients with
liver disease because lactate is metabolized in the liver. #85% Complications that
may result from LV. LR therapy include hypoglycemia, hypernatremia. and fluid
overload. as well as, in rare cases, metabolic alkalosis.***

Summary

Crystalloids are indicated as fluids of choice to treat or prevent fluid and
electrolyte deficits. Crystalloid solutions are classified in terms of their tonicity
and the composition of their solutes, which may include electrolytes and/or
dextrose. The eventual dispersion of fluids into the intracellular, interstitial, and
intravascular compartments occurs during the therapeutic response and can be
quantified and predicted.

Quiz
l. Crystalloids that have a tonicity that closely mirrors the tonicity of plasma
are referred to as
(a) hypotonic solutions.
(b} isotonic solutions.
ic) hypertonic solutions.

(d} eutonic solutions.
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. Which of the following is the crystalloid of choice for use as a flush

solution during blood transfusions?
{a) Saline (0.9% NS)

(b) D,W

ic) LR

(d) Ringer's

Five percent dextrose in water (D, W) is classified as
{a) a hypotonic selution.

(b) an isotonic solution.

(c) ahypertonic solution.

(d) a mixed-electrolyte solution.

During the therapeutic response that occurs after D W is infused. the fluid
infused behaves as if it were which type of solution?
(a) A hypolonic solution

(b) An isotonic solution

(c) A hypertonic solution

(d) A mixed-electrolyte solution

. A patient who receives a 500-mL infusion of LR likely will have a net gain

of how many milliliters of fluid inlo the vascular compartment during the
therapeutic response’?

(a) 375 mL
{b) 250 mL
(c) 125 mL
(d) None

. A patient who receives a 500-mL infusion of LR will have a net gain of

how many milliliters of fluid inio the interstitium during the therapeutic
response?

{a) 375 mL
(b) 250 mL
{c) 125 mL
{d) None
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7. A patient who receives a 500-mL infusion of LR will have a net gain of
how many milliliters of fluid into the intracellular compartment during the
therapeutic response?

(a) 375 mL
(by 250 mL
(c) 125 mL
(dy Mone

8. A patient receives a 3000-mL infusion of D 0.45% NS over 24 hours. This
type of solution is considered

(a) isotonic.
(b} hypotonic.
(¢} hypertonic.

(d) eutonic.

9. A patient receives a 3(00-mL infusion of D_01.45% NS over 24 hours.
Which of the following best describes what happens during the initial
response to this therapy?

{a) The blood cells and vascular endothelial cells are not affected by
coming in contact with the solution.

(b} The blood cells and vascular endothelial cells swell when they come

into contact with the solubon.

{c} The blood cells and vascular endothelial cells shrink when they come
into contact with the solution.

{d)} The blood cells and vascular endothelial cells consume the 0.45% NS
solution on contact.

10. A patient receives 3000 mL of D 0.45% NS5 in 24 hours. How much of
this solution remains in the intravascular space during the therapeutic
response’

(a) 167 mL
(b) 300 mL
{cy 501 mL
(d) 999 mL



CHAPTER 7  Crystalloid Solutions 115

11. A patient receives 3000 mL of D,0.45% NS in 24 hours. How much of
this solution disperses to the intracellular space during the therapeutic
response’

(a) 167 mL
(b) 500 mL
i(c) 501 mL
(d) 999 mL

12. A patient receives a bolus of 500 mL of LR over 30 minutes. Which of the
following best describes the initial response to this infusion?
(a) The blood cells and vascular endothelial cells are not affected by
coming in contact with the solution.
{b) The blood cells and vascular endothelial cells swell when they come
into contact with the solution.

{c) The blood cells and vascular endothelial cells shrink when they come
into contact with the solution,

(d) The blood cells and vascular endothelial cells consume the lactate in
the solution on contact.

3. A patient receives a bolus of 500 mL of LR over 30 minutes. Which of the
following best describes the therapeutic response to this infusion?

(a) O mL of solution disperses into the intracellular space, 375 mL of
solution disperses to the interstitium, and 125 mL of solution remain in
the intravasculur space,

(b} 333 mL of solution disperses into the intracellular space, 167 mL of
solution disperses o the interstitium, and 0 mL of solution remains in
the intravascular space.

(c) 333 mL of solution disperses into the intracellular space, 125 mL of
solution disperses to the interstitium, and 42 mL of solution remains in
the intravascular space.

(d) 500 mL of solution remains in the intravascolar space.
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Colloid Solutions

Learning Objectives

After completing this chapter, the learner will

1. Compare and contrast the characteristics of colloid solutions with crystalloid
solutions.

2. Differentiate nonsynthetic and synthetic colloid solutions.
iscuss indications for use of common colloid solutions.

& Identify adverse effects that may occur from utilizing common colloid

solutions.
—$ Key Terms
Colloids Hespan
Albumin Dextran

Plasma protein fraction (PPF)
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Colloids Defined

Colloids are types of intravenous (1.V.) solutions that contain macromolecules
and electrolytes. A% Colloid solutions have a significantly higher molecular
weight than crystalloid solutions. The macromolecules contained in colloid
solutions characteristically do not pass readily through membranes, including
capillary membranes and cellular membranes, in their normal, healthy state.
Therefore, colloids behave differently at a physiologic level from crystalloids
because when colloids are infused intravenously, they generate colloidal osmaotic
pressure (COP)™

Because colloids maintain and also can generate or enhance COP, colloid
solutions tend to stay within the intravascular compartment rather than cause fluid
shifts into the interstitium or the intracellular fluid (ICF) compartment. As a general
rule of thumb, each milliliter of colloids infused into the intravascular space remains
within the intravascular space. Some colloids have the added effect of drawing
additional fluid from the interstitium into the intravascular space. When colloids are
infused and supplemented with isotonic crystalloids such as lactated Ringer's (LR)
or normal saline (0.9% NS). the net effect is that additional Auid remains within the
vasculature. For these reasons, colloids are referred to frequently as volume
expanders or plasma expanders.

Sreep Bumr

Celloid solutions can be distinguished from crystafloid solutions because colloid
solutions may generate when they are infused into the
vasculaiure,

Types of Colloids

‘2. Colloids can be classified as either nonsynthetic or synthetic. Nonsynthetic
colloids are derived from human blood components. Synthetic colloids are
biomedically manufactured from nonhuman sources.

NONSYNTHETIC COLLOIDS

Monsynthetic colloids tend to be derived from human plasma. The most commonly
used nonsynthetic colloids are composed primarily of albumin, which is the major
plasma protein. These include albumin 5% (i.e., Plasbumin-5) and albumin 25%
{Le., Plasbumin-25) and plasma protein fraction (i.e., Plasmanate).
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SYNTHETIC COLLOIDS

Synthetic colloids are derived from gelating, dextrans, and starches. Examples of gelatin
colloids include urea-bridged gelatin and modified-fluid gelatin. Starches include
hetastarch (i.e., Hespan) and pentastarch (i.e., Pentaspan). Dextrans include such colloid
solutions as Dextran-40 and Dextran-70. Synthetic colloids generally tend to carry
more risks of causing adverse reactions than do nonsynthetic colloids.™ Colloids are
more expensive than crystalloids, and albumin is the most expensive colloid.

Indications for the Use of Colloids

3. Colloids are very effective al either replacing or expanding vascular volume in
patients who are hypovolemic. They tend to be infused in tandem with isotonic
crystalloids such as normal saline and lactated Ringer's solution. When infused
simultaneously, colloids and isotonic crystalloids are quite effective at mitigating
clinical manifestations of hypovolemia, including hypovolemic shock. Table 8-1 lists
the causes of hypovolemic shock and early signs and symptoms of hypovolemic shock.

Table -1 Hypovolemic Shock

Cause Clinical Manifestations
Hemorrhage (ie.. hemorrhagic shock) Meurologic
Bums (i.c., burn shock) Anxicty
Dehydration from Restlessness or agitation
Excessive vomiting Disorientation
Excessive diarchea Cardiovascular
Excessive swealing Tachycardia
Polyuria {e.g.., dishetes insipidus. Marrowed pulse pressure
disbetic ketoacidosis [DKA]. Orthostasis
hyperosmolar hyperglycemic Hypaotension
nonketotic coma [HHNE]. Prolonged capillary refill
overzenlous use of diwretics) Pulmonary
Tachypnen
Air hunger
Fenal
Oliguria
Dermatologic
Cool, clammy skin
Maottling
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Evidence from research studies do not clearly demonstrate improved outcomes in
patients fluid-resuscitated with colloids and crystalloids over those fluid-resuscitated
without colloids.® However, patients who exhibit manifestations of hypovolemic
shock as a consequence of hemodialysis do tend to demonsirate improved outcomes
with infusions of colloids,” and colloids therefore are indicated in this subset of patients
with hypovolemia.

Colloids also may be infused prophylactically to prevent shock or loss of
intravascular volume or to encourage stabilization of vascular volume. For instance,
patients with burn shock tend to exhibit capillary membrane instability during the
first 24 hours after the burn. As a result of this, much of the plasma proteins seep
into the interstitium and draw plasma fluid into the interstitivm with them by
osmosis. The capillary membranes begin to stabilize 24 hours after the burn.
Intravenous infusions of albumin help to draw fluid back into the wvascular
compartment from the interstitium.

Because colleids are effective at expanding vascular volume, the nurse must
monitor patients who receive LV, colloids closely for clinical manifestations of
circulatory overload and pulmonary edema,®™ particularly elderly patients and
patients with a known history of heart failure. These signs and symptoms are
summarized in Table 8-2.

Table 8-2 Clinical Manifestations of Circulatory Overload

System Common Sign Common Symptom
Meurologic Restlessness Disoncatation
Agitation Anxiety
Cordiovascular 5
5,

MNew murmur or increased
grade (i.e., intensity) of
previous murmur
Tachycardia

Orthostasis

Hypotension

Prolonged capillary refill
Pulmonary Bihasilar rales Orthopnea

Pink. frothy sputum Adr hunger

Hypoxemia Paroxysmal noctumal dyspoes (PND)

Renal Oliguria

Dermatologic Cold, clammy skin
Mottling
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SreEp Bomr

Colloids are indicated mainly to treat or prevent

Albumin

Albumin (i.e., Plasbumin) is derived from pooled human plasma. It is simply a
sterile solution of human albumin suspended in an aqueous diluent.* Each vial of
albumin contains approximately 145 mEg/L of the electrolyte sodium. Albumin is
the major plasma protein and, as such, is the molecule that is primarily responsible
for maintaining colloidal osmotic pressure (COP).

Albumin is also a transport molecule. This means that albumin can bind to many
other molecules, including bilirubin, metals, enzymes, drugs, and electrolytes, and
transport or inactivate them.!" For instance, because hydrogen ion binds readily
with albumin, albumin can act as a buffer in solution. Likewise, patients who are
hypoalbuminemic are at heightened risk for acidosis because there is proportionately
less albumin to bind with hydrogen ion.

Two concentrations of albumin are available commercially for LV, infusions.
The first is albumin 5% (i.e., Plasbumin-5). This colloid is osmotically similar to
plasma and is isotonic with an approximate osmolality of 290 mOsm/L.*> As
albumin 5% is osmotically similar to plasma, 1 mL of fluid will be retained in the
vascular compartment for each milliliter of albumin 5% infused intravenously.

The second concentration of albumin that is available commercially for 1.V.
infusion is albumin 25% (i.e., Plasbumin-23). This colloidal solution is hy perosmotic
and hypertonic and will draw additional fAluid from the interstitium into the vascular
compartment. It can generate COP of approximately 70 to 100 mm Hg. The COP
generated by albumin 25% can result in a net gain of up to 4 mL of vascular volume
for each milliliter of albumin 23% infused.®

Vials that contain both albumin 5% and albumin 23% should be stored at room
temperature. Each vial should be examined prior to use to ensure that it is not
cracked and that there is no visible turbidity of the solution. Infusions should be
completed within 4 hours after the vial is accessed; any residual solution should be
discarded. Table 8-3 lists the volume and albumin concentration contained in
commercially available vials of both albumin 5% and albumin 25%.

INDICATIONS

3% Albumin 5% may be indicated for use in patients who are hypovolemic for a
variety of reasons, including hemorrhage, burns, and dehydration. Albumin 25%
may be indicated for use in these same patients if their COP is low, which may
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Table 8-3 Commercially Available Vials of Albumin

Concentration Volume Albumin Composition
Albumin 5% 50 mL 25p
250 mL 125§
500 mL 250g
Albumin 25% 20mL 50p
50 mL 12.5g
100 mL 2508

occur in severe states of shock. In these instances, albumin 25% should be
accompanied by crystalloids and perhaps diuretics to encourage vascular volume
expansion and adequate renal glomerular filtration.™

Albumin infusions typically are withheld from patients with severe burns until at
least 24 hours after the burn, when it is believed that the capillary membrane has
stabilized physiologically and the albumin will not pool in the interstitium. The use
of albumin in patients who have lost a lot of blood should not precede attemppts at
hemodynamic stabilization with crystalloids and blood component products if they
are available. Albumin infusions can be particularly therapeutic in patients with
liver failure that is accompanied by ascites and hyperbilirubinemia. In these patients,
albumin has the net effect of pulling fluid from the interstitium, thereby reducing
ascites. In addition, bilirubin binds to albumin, thereby diminishing serum free
bilirubin levels. ™ Similarly, LY. administration of albumin may reduce the
interstitial edema that can occur with peritonitis and pancreatitis. ™"

ADVERSE EFFECTS

#%. Because albumin is obtained from pooled human plasma. it can cause infections
and allergic reactions. Viral infections may be transmitted from plasma, particularly
hepatitis C. The risk of transmission of viruses via albumin infusions is less now
than a few years ago because of improved donor selection methods and because the
donated plasma is heat-treated during the separation process %

In addition to viral infection, albumin L.V, infusions infrequently cause allergic
or anaphylactic reactions. Common manifestations of an allergic reaction include
Aushing, urticaria, and chills.*** If the patient is still receiving the infusion when an
allergic reaction is suspected, the infusion should be discontinued immediately.
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Likewise, albumin infusions are contraindicated in patients with a known
hypersensitivity to albumin.

Albumin is also contraindicated in patients with nephrotic syndrome, which is
characterized by renal glomerular instability and excretion of albumin in the
orine. ¥ Patients who receive angiotensin-converting enzyme {ACE) inhibitors
concurrent with LV, infusions of albumin are prone to experience flushing and
hypotension. Therefore, whenever possible, ACE inhibitors should be withheld
for 24 hours prior to the LV, infusion of albumin. Although albumin had been
used decades ago as therapy for patients who were malnourished. the advent of
improved parenteral nutrition solutions and enteral nutrients has supplanted this
indication for albumin (see Chapter 10 for a more complete discussion of
parenteral nutrition therapy).

Plasma Protein Fraction

Plasma protein fraction 5% (ie., Plasmanate) is derived from pooled human
plasma and refined by electrophoresis. It is physiologically similar in composition
and behavior to albumin. Plasma protein fraction (PPF) is composed of
approximately 88 percent albumin, 12 percent alpha and beta globulins, and less
than | percent gamma globulin. It is osmotically equivalent to human plasma and
is isotonic. It contains approximately 145 mEqg/L sodium, 0.25 mEg/L potassium,
and 100 mEg/L chloride.* Table 8-4 lists the sires of commercially available vials
of PPF and their respective composition of proteins.

PPF should be stored at room temperature. Prior to wse, the vial should be
examined and if the vial is cracked or the solution appears turbid, it should not be
used. In general, the infusion should be completed within 4 hours after the rubber
stopper of the vial has been punctured. Unused solution should be discarded.
Infusion rates should not exceed 10 mL/minute (i.e., 600 mL/h) or hypotension
MY OCCur.

Table -4 Commercially Available Vials of Plasma Protein Fraction

Plasma Protein Fraction Volume Protem Composition
30 mL 25 E

250 mL 125g

500 mL 250g
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INDICATIONS

3. PPF is indicated for the treatment of severe burns and. in some cases,
hemorrhagic shock. PPF treatment for burns does not begin until at least 24 hours
after the burn, when the capillary membranes have stabilized. Treatment of
hemorrhagic shock with any colloid, including PPF, is controversial and should not
supplant the use of crystalloids or blood component products.

ADVERSE EFFECTS

/& Because PPF is made from human plasma, it may contain organisms that can
cause infectious diseases, such as viruses. Although screening of donors and testing
of donated blood have diminished the risk of transmission of viruses through
administration of PPF over the past several years, there is still a risk of transmission
of some viruses, particularly hepatitis C.*

PPF also can cause allergic or anaphylactic reactions. Side effects of
administration of PPF are frequent and may include flushing, back pain, nausea,
headache, urticaria, chills, and fever. Sometimes these manifestations indicate a
hypersensitivity reaction, and sometimes they are idiopathic {i.e., the cause is
unknown). PPF is contraindicated for use in patients on cardiopulmonary bypass
because it can cause hypotension in this population.®

Hespan

Hetastarches are large carbohydrate molecules. The most common hetastarch used
as an LV, colloidal solution is 6% hetastarch in 0.9% sodiom chloride solution,
otherwise known as Hespan or hvdroxyvethyl starch (HES). Each 100 mL of Hespan
contains 6 g of hetastarch and (1.9 g of sodium chloride. The electrolyte concentration
is roughly 154 mEg/L each of sodium and chloride. Its efficacy as a volume expander
is roughly equivalent to that of albumin 5%.* Hespan is excreted via the kidneys.
The hydroxyethyl molecules that comprise Hespan tend to be excreted fairly rapidly,
but it may take weeks for the starch molecules to be excreted ™

INDICATIONS

3% Hespan is indicated primarily as a volume expander in patients who become
hypovolemic during elective surgery. Becauwse it also increases the erythrocyte
sedimentation rate, it is sometimes indicated in patients who require leukapheresis
because it is easier and quicker to remove granulocytes from the blood.
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ADVERSE EFFECTS

#%&. Hespan has antithrombotic effects that are evidenced by diminished platelet
aggregation and impairment of the clotting mechanisms. Therefore, patients who
receive infusions of Hespan are at risk for coagulopathies and bleeding.”' There is
some evidence that it may increase the risk of bleeding in patients who have had
cardiopulmonary bypass surgery.™ Patients with a known history of bleeding
disorders should not receive Hespan.

Hespan may cause anaphylactoid reactions that may be evidenced by dyspnea,
wheezing, stridor, chills, urticaria. and laryngeal edema. Some patients with a
known allergy to comn also may be allergic to hetastarch. Because it is excreted by
the kidneys, Hespan is contraindicated in patients with renal failure ™

Dextran

Dextran is a carbohydrate macromolecule that is composed of polymer chains of
the glucose molecule. Once infused intravenously, over 50 percent of dextran is
excreted by the kidneys. and the remaining amount breaks down slowly into glucose
molecules that may be used as a fuel source by the body's cells.

Dextrans that are used as LV, colloid solutions are either high-molecular-weight
dextrans, including 6% Dextran-70. or low-molecular-weight dextrans, including
0% Dextran-40. The weight of these solutions is based on the weight of the dextran
molecules, at either 70,000 Da for the high-molecular-weight dextran (Dextran-70)
or 40,000 Da for the low-molecular-weight dextran (Dextran-40). Both have
roughly equivalent tonicity and osmolality, however. Both solutions are slightly
hyperosmotic and hypertonic. They are available in either 0.9% sodium chloride
solutions or 3% dextrose solutions.

INDICATIONS

3% Dextrans are indicated for many of the same reasons that other colloids are
indicated, that is, for volume expansion for patients in hypovolemic shock or at risk
for hypovolemic shock. In addition, Dextran-40 has antithrombotic effects and is
particularly indicated in patients at risk for venous thromboemboli formation.™

ADVERSE EFFECTS

&. Dextrans carry the greatest relative risk for adverse reactions of all colloids. In
particular, dextrans are associated with allergic reactions, anaphylactoid reactions,
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renal failure, and bleeding disorders™~* and can interfere with obtaining appropriate
blood crossmatching.™

Gelatins

Gelatins are also colloids that are composed primarily of carbohydrate molecules.
Some examples of gelatins include modified-Auid gelatin and urea-bridged gelatin.

INDICATIONS

#3. Indications for wse of gelatins overlap those of other colloids, particularly
albumin 5%. Because gelatins tend to have a shorter plasma half-life, a shorter
duration of volume expansion achieved, and a greater risk profile than albumin 5%,
they are not indicated frequently.

ADVERSE EFFECTS

%% Gelatins carry the same relative risk for causing anaphylactoid reactions as
Hespan. Urea-based gelatins contain calcium. As such, they may not be infused in
conjunction with LV, transfusions of packed red blood cells or whole blood or
inappropriate clotting may occor®*™

Summary

Colloids are effective at expanding intravascular volume. They can be derived
from both nonsynthetic and synthetic sources. They have a variety of uses, but

their use should not supplant the use of erystalloids and blood component products
when indicated.

Quiz

|. Which of the following statements regarding colloids is false?
(a} Colloids are composed of macromolecules and electrolytes.

(b) Colloids pass readily through capillary and cell membranes.
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(c) Colloids are called volume expanders.
{d) Colloids may be derived from either nonsynthetic or synthetic sources.

2. An example of a nonsynthetic colloid includes
(a) plasma prolein fraction.
(b) Hespan.
(c) Dextran.
(d) urea-bridged gelatin.

3. Indications for L.V, infusions of albumin include all but which of the
following?
(a) Bumn shock
{b) Liver failure with ascites
ic) Leukapheresis
(d) Pancreatitis
4. Plasma protein fraction (PPF) is composed of all but which of the
following?
{a) Albumin
(b) Carbohydrate macromolecules
{c) Alpha globulin
(d) Beta globulin
3. Which of the following colloids may coause o problem with obtaining blood
crossmatching when it is infused?
{n) Albumin
(b) Plasma protein fraction
(c) Hespan
(d) Dextran
6. Which of the following colloids carries the greatest risks for adverse
reactions?
{a) Albumin
(b) Plasma protein fraction
{c) Hespan
{d) Dextran
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Blood Component
Therapy

Learning Objectives

After completing this chapter, the learner will
1+ Identify and describe the most common blood components.
2. Discuss indications for transfusion of common blood components.

3. Compare and contrast the characteristics of common blood components that
may be transfused.

%, Describe procedures that ensure safe and effective transfusion of blood
components.

& Differentiate clinical manifestations of common transfusion reactions.

6. Describe protocols to treat transfusion reactions.
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Erythrocytes Fibrinogen
Leukocytes Anemia
Thrombocytes Leukopenia
Hematopoiesis Erythropoietin
Complete blood count (CBC) Granulocyte colony-stimulating factor
Hematocrit (G-CS5F)

Hemoglobin Thrombopoietin
Plasma Thrombocytopenia
Plasma proteins Whole blood
Albumin Packed red blood cells
Immunoglobulins Fresh-frozen plasma
Antigens Cryoprecipitate

Blood Components Defined

1. Blood consists of blood cells and plasma. Blood cells include red blood cells
{i.e., erythrocytes), white blood cells (ie.. lenkocytes), and platelets (lLe.,
thrombocytes). Hematopoiesis is defined as the generation of new blood cells.
All blood cells are derived from pluripotent stem cells that, in turn, differentiate
into generations of more clearly differentiated cells under the stimulation of
colony-stimulating factors.™

The complete blood count (CBC) is the laboratory test that analyzes
concentrations of blood cells in a sample of blood. Normal values from an adult
CBC are displayed in Table 9-1. Erythrocytes are the most abundant blood cells.
The volume of erythrocytes in a sample of blood is referred to as the hematoerit.
The normal hematocrit for an adult male is between 39 and 48 percent and for an
adult female is between 36 and 45 percent. The hemoglobin molecule comprises
maost of the weight of each erythrocyte. It is the molecule that transports oxygen.
The normal concentration of hemoglobin in a sample of blood for an adult male
ranges between 13 and 16 g/dL and for an adult female ranges between 12 and
15 g/dL. Thus the numeric value of the hematocrit is approximately three times
the numeric value of the hemoglobin. Erythrocytes live for approximately
00-120 days.™

Leukocytes are the blood cells responsible for mounting and medulating host
immune and inflammatory responses to pathogens and injurious agents. As such,
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Table 9-1 Normal Adult Values on the Complete Blood Count (CBC)
Component Viulue
Hematocnt

Males Jo—i%
Femules Ib6-45%
Hemoglobwn
Males 13-16 gdL.
Females 12-13 gL
Red hilood cell count
Males 4357 u I0F cellu/mm’
Females 18-51 x 10F celluimm®
White blood cell coant 4.5-11.0m 10 cells/mm’
Plutelets 150450 = 10 cclls/mm’
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their levels can change dramatically when the host becomes injured or infected.
White blood cells include neutrophils, eosinophils, basophils, monocytes, and
lymphocytes. The life span of each of these cells can vary considerably from days
to years,”™

Thrombocytes are not true cells in that they are the mature fragments of
megakaryocytes. Thrombocytes are the initiators of the clotting cascade, As such,
they are necessary in controlling hemorrhage and in initiating repair of injured
tissue. Thrombocytes live for only approximately 9 days.™

Plasma is the acellular component of blood. Itnormally comprises approximately
5264 percent of the volume of a specimen of adult blood, Over 90 percent of
plasma is composed of water. Between 6.5 and 8.0 percent of plasma is comprised
of various proteins, called the plosma proteins.* The mosi important of these
plasma proteins include albumin, the immunoglobuling, and fibrinogen, Albumin
is the plasma protein that is most important in maintaining intravascular colloidal
osmotic pressure (COP). It is also important in promoting wound healing. The
immunoglobulins are antibodies that are preformed by the host’s plasma cells,
which are derived from B-lymphocytes, to defend the host from foreign substances
called antigens. Fibrinogen is a clotting factor that is important in modulating the
common pathway in the coagulation cascade.™

In addition to water and the plasma proteins, plasma contains a variety of other
substances, including hormones, gases, and electrolytes. Calcium is an electrolyie
found in plasma that also functions as a clotting factor (i.e., factor IV).®
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It is possible to replace deficiencies in virtually any of these previously
identified blood components through intravenous transfusion. These blood
components may be taken from human donors (i.e., alfogensic) or from the
original host to store and transfuse back to the host in times of need (i.e.,
autelogous). The most common of these blood components available for
transfusion will be discussed in the following sections.

Sreep Bumre

Donated blood components are referved to as blood components,
whereas blood components withdrawn from the host with the infent to transfuse
back to the host in times of need are referred 1o as blowod
COMPONEnLs.

In general, indications for transfusion of any blood components are more
restrictive than they were 25 years ago. These restrictions have been generated in
part by recent pharmacologic developments that use recombinant genetic
engineering. For instance, it is now possible to administer a variety of recombinantly
manuofactured colony-stimulating factors to patients with chronic diseases that
result in low erythrocyte counts (i.e., anemia) or low leukocyte counts (i.e.,
leukopenia). These pharmacologic products include recombinant eryvthropoietin
(i.e.. epoetin [Epogen, Procrit]} to treat anemia™ and recombinant granulocyte
colony-stimulating factor (G-CSF) (i.e.. pegfilgrastim [Neuwlasta]) to treat
leukopenia. Clinical research is now aimed at developing a safe and effective
recombinant thrombopoietin, a colony-stimulating factor that increases the
production of platelets to treat low platelet counts, or thrombocytopenia.

In addition to these pharmacologic advances, there is now a better understanding
that transfusions have adverse effects on host immunity, which also has had the
effect of restricting their indications. For instance, human immunodeficiency
virus (HIV) and hepatitis B and C wviruses were transfused to numerous
unsuspecting patients along with their blood components in the 1980s.
Sophisticated screening tests thwarted the transmission of these viruses in later
years, but within the past few years. West Nile virus, cytomegalovirus (CMV),
and the Creutzfeldt-Jakob prion were transmitted to patients receiving blood
transfusions.** In addition to transmitting viruses and other pathogens, it is now
believed that transfusion of allogeneic blood components has both short- and
long-term adverse effects on host immunocompetence.” Patients who receive
blood components may be at increased risk for viral infections, bacterial infections,
acute lung injury, recurrence of cancers that were in remission, and development
of autoimmune disorders later in life.™
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Types of Blood Components =

It was noted in the preceding section that it is possible to transfuse viriually any
blood component to patients. While this is possible, the risks associated with
transfusing some of these components may outweigh the potential benefits. For
instance. there are very few indications that support transfusing white blood cells.
d2 Table 9-2 lists the most commonly transfused blood components, the
approximate intravenous volume that is infused with each respective unit that is
transfused, and their respective indications.

Table 9-2 Commonly Prescribed Blood Components

Blood Component

Approvimate Volume

Indicats

Whole blood

500 mlfunst

Hemorrhage

Anecrms with nsk

of cardiovascular impairment
{e.g., myocandial ischemia)

250 mlsfumit

Same ax indications for whole blood;
generally prefeored as first-line therapy

200 mlsfunt

Rapid reversal of anticoagulant cffects

ol warfann (Coumading

Nonspecific replacement of clotting factor
deficiencies from scule coagulopathics or
liver divense

Platelets

S0 mLfunil

Sympromatic thrombocytopenia
Platelet count < 10,000¢/mm’

Factor VI

10 mlunit
{ufter reconstitution)

Hemorrhage or injury associsted with
hemaophilin A

Prophylukis prior W surgery in putients with
hemaophilin A

Hemorrhage associated with von Willebrand
disease thut is unresponsive o DDAVP

10 mLfnt
{after reconstitution)

Hemorrhage associated with hemophilia B
{Christmas disease)

Prophylaxis pricr to surgery in patients with
hemophilis B (Christmas disease)

Cryoprecipitate

10 milfwnt

ge with hypofibrnogemia or factor
X111 deficiency

Factor V111 unavailable for treatment of
hemophilia A or von Willehrand disease
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It was noted in the preceding section that transfusing allogeneic blood components
carries significant health risks. The likelihood of experiencing a transfusion-related
adverse event increases if a blood component is stored improperly or is used past
its expiration date. For instance, a unit of whole blood or packed red blood cells
may be stored only for up to 42 days. generally speaking.?* It is hoped that results
from clinical research will one day yield safe and effective blood component
substitutes so that these dual problems of host-insulted immuonity and product
storage may be thwarted. Thus far this quest has not been realized.

WHOLE BLOOD

As its name implies, whole blood is plasma and blood cells stored together in their
normal state with an added anticoagulant such as citrate and preservatives that may
include phosphate. dextrose, adenine, and manitol.® " The rule of thumb is that
each unit of whole bloed infused should increase the hemoglobin by 1 mg/dL and
the hematocrit by 3 percent. Indications for transfusing whole blood include
hemorrhage or severe anemia. In years past, any patient with a hemoglobin level of
less than 10 g/dL or a hematocrit of less than 30 percent could expect to be a
candidate for bleod transfusion. Now indications for blood transfusions are more
restrictive. Patients who are hemodynamically unstable because of acute blood loss
or who are otherwise anemic and at risk of myocardial ischemia are considered
transfusion candidates,* Other anemic patients may be transfused only after a
careful assessment of potential transfusion-related risks and benefits is made.

Donated blood is rarely stored as whole blood; rather, it tends to be fractionated
into component parts and stored as such.®® As most donated blood is fractionated,
very few patients who are candidates for blood transfusions receive whole blood:
rather, they tend to receive transfusions of packed red blood cells (PRBCs; see
following section). Autologous blood (ie., autotransfused blood) commonly is
stored as whole blood. Therefore, patients who receive their own previously stored
blood tend to receive whole blood, although autologous blood may be fractionated
into components if indicated.™

Autotransfusion

Autotransfusions (i.e., autologous transfusions) are classified by the methods that
describe their withdrawal. These include preoperative autologous blood donation
(PABD), acute normovolemic hemodilution (ANH), intraoperative blood salvage
(IBS), and postoperative blood salvage (PBS5)." PABD is storage of autologous
blood in advance of surgery that could result in blood loss. So that the patient has
sufficient time to manufacture new erythrocytes and thus has a lesser likelihood of
being anemic from withdrawal of blood, the blood generally is withdrawn and
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stored for approximately 4-6 weeks prior to surgery. Blood stored longer than
6 weeks may not maintain its stability. The patient must be healthy at the time that
the blood is withdrawn and free of fever or suspected infections.™

ANH requires that 1-2 units of the patient’s blood is withdrawn and replaced with
a matching volume of intravenous crystalloids or colloids in the operaling room
immediately prior to surgery. The withdrawn blood is reinfused at the end of the
surgical case, resulting in less overall surgical blood loss.” IBS is similar to ANH in
that blood is both lost and then reinfused into the patient while the patient is in the
operating room. However, IBS uses blood that is lost during the surgery from the
operative site that is then collected and reinfused directly to the patient.”” PBS reinfuses
blood lost from drains and chest tubes back into the postoperative patient.™

PACKED RED BLOOD CELLS

Units of packed red blood cells (PRBCs) contain the same blood components as
whole blood without most of the plasma. Donated blood is centrifuged so that the
plasma and the blood cells are separated. As a result, | unit of PRBCs contains the
same number of erythrocytes, leukocytes, and platelets as 1 unit of whole blood
minus most of the plasma. PRBCs generally contain the same anticoagulants and
preservatives as whole blood. The indications for transfusing PRBCs mirror those
of whole blood, and they generally are used as first-line therapy for allogeneic
transfusions because they tend to be more readily available in blood banks than
whole blood. Transfusing 1 unit of PRBCs generally will increase the hemoglobin
by | mg/dL and the hematocrit by 3 percent, as will transfusing | unit of whole
blood. Although the shelf life of a unit of PRBCs is only approximately 42 days,
there are methods that may extend its usefulness, such as biochemiecal rejuvenation
or freezing, as needed if the supply of PRBCs is low.™

SreEp Brur

Donated centrifuged blood that contains ervthrocyies, lewkocyies, platelets, litle
plasma, and an anticoagulant and preservatives is referred to as

Modified Packed Red Blood Cells

Patients at increased risk for transfusion-related reactions may need to have their
blood units specially prepared or modified. Modified PRBCs may be irradiated,
washed, leukocyte-reduced. or specially screened for cytomegalovirus (CMV).
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Packets of modified PRBCs are not only specially prepared, but they are also tagged
as such and typically are prepared and distributed in donut-shaped intravenous bags
in order to make it visually apparent that they have been modified. >

PRBCs are irradiated with gamma rays to inactivate donor lymphocytes that can
cause graft-versus-host disease (GVHD). Patients who are al risk for transfusion-
related GVHD and for whom irradiated PRBCs are indicated include those who
have had bone marrow transplants and stem cell transplants and those with Hodgkins
or non-Hodgkins lymphoma. In addition, patients who receive donated blood from
family members are at increased risk for transfusion-associated GVHD for reasons
that are not entirely clear. As a consequence, blood donated for use among family
members should be irradiated prophylactically prior to administration.*

PRBCs are washed in sterile saline to remove plasma proteins and cellular debris
that are commonly implicated in transfusion-related allergic reactions. Washing of
PRECs: is indicated for patients who have had a previous allergic reaction to a blood
component.®® Leukocytes may be reduced from PRBCs through filtering and other
methods for patients who have had a previous febrile nonhemolytic (FNH) reaction
o blood transfusions. Patients who have had multiple blood transfusions may be
considered candidates for leukocyte-reduced PRBCs, also referred to as lenkocyre-
poar PRECs, to prevent a febrile reaction from occurring.®

PRECs may be specially screened for CMV, a virus that is commonly carried in
adormant state by many adults. However, patients who are either immunosuppressed
{e.g., patients with active neoplasms or patients who have received organ transplants)
or who have immature immune systems (e.g., infants younger than 4 weeks of age)
and who have not been exposed previously to CMV are at risk for CMV-related
sepsis. Therefore, these patients should receive PRBCs that have been screened and
deemed clear of CMV.*

FRESH-FROZEN PLASMA

Fresh-frozen plasma (FFP) is the fractionated plasma portion of a unit of donated
blood that is centrifuged until it contains no erythrocytes, leukocytes, or platelets.
FFP may be stored safely in its frozen state for at least | year. Once thawed, it
must be administered within 6-24 hours. FFP contains many important clotting
factors, including factor V, factor V111, and fibrinogen. Because it is rich in clotting
factors, the most common indications for transfusion of FFP is o correct acute
coagulopathies, including disseminated intravascular coagulation (DIC), to
correct clotting deficiencies because of liver disease, and to reverse the effects of
the anticoagulant warfarin {Coumadin). Patients who take warfarin and who may
require FFP include those whose clotting times are longer than necessary to



CHAPTER 9 Blood Component Therapy 137

provide therapeutic anticoagulation efficacy and who are at risk of bleeding and
those whose clotting times are considered therapeutic but who must undergo
emergency surgery or another interventional procedure that carries a significant
risk of bleeding."**

PLATELETS

Most units of platelets are pooled from multiple donors who are compatible in
terms of blood type (e.g.. type A, type B, type AB, and type O) and Rhesus factor
(Rh factor). These pooled platelets are centrifuged from donated blood and
contain few erythrocyies and leukocyies and litile plasma. Transfusions of
platelets are indicated for patients who are thrombocytopenic with platelet counts
less than 20,000/mm" and who are either bleeding or considered at risk of bleeding
{e.z.. patients who are scheduled 1o have surgery) or for patients who are severely
thrombocytopenic with platelet counts less than 10,000/mm’. Each unit of platelets
transfosed will result in a platelet count that is increased by approximately
5000/mm”. Transfusing plateleis to patients with consumptive thrombocytopenic
conditions, including idiopathic thrombocytopenia purpura (ITP) and DIC, is
controversial .=

Patients who require repeated transfusions of plateleis run the risk of
alloimmunization from repeated exposure 1o a variely of different antigens that are
present on both leukocytes and platelets. Alloimmunizalion can cause either FNH
reactions {see the section on transfusion reactions below) or can result in accelerated
consumption and death of the transfused platelets. These donor antigens that can
cause recipient alloimmunization are collectively referred 1o as human leakocyte
antigens (HLAs), although they are present on many cells other than leukocytes.
The risk of alloimmunization can be decreased if the recipient’s immune system
comes into contact with fewer HLAs. This can be nccomplished by exposing the
recipient’s immune system (o only one donor’s HLAs rather than several donors’
HLAs each time the recipient is transfused. Hence single-donor units of platelets,
which are derived by plasmapheresis, may be indicated for these patients.™

ALBUMIN AND PLASMA PROTEIN FRACTION

Albumin 5%, albumin 25%. and plasma protein fraction (PPF) are derived from
pooled human plasma. Their physiologic characteristics, guidelines for administra-
tion, indications for use, and adverse effects are discussed in Chapter 8.
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IMMUNOGLOBULINS

It was noted earlier that immunoglobulins are antibodies formed by plasma cells to
fight antigens. Antigens may be foreign cells, foreign molecules, or pathogens. Once
formed by plasma cells, readily detectable levels of some immunoglobulins may
remain in the plasma for years. Thus it is possible to plasmapharese preformed
immunoglobulins from donated blood. Plasmapharesed immunoglobulin then is
pooled together from multiple donors and administered to patients exposed to a
specific antigen to boost the patients’ immune systems by conferring passive
immunity. Immunoglobulins are administered most commonly to Bh-negative
women of childbearing years who have been exposed to Rh-positive blood (ie.,
Bh(D)) immune globulin or RhIG [RhoGAM]) and to patients who have been exposed
to hepatitis B (i.e., hepatitis B immune globulin [HBIG]), rabies (i.e., rabies immune
globulin [RIG]). tetanus (tetanus immune globulin [TIG]), or varicella {chickenpox)
{varicella-zoster immune globulin [VZIG]). In most instances, immunoglobulins are
administered in one dose intramuscularly,

CLOTTING FACTORS AND CRYOPRECIPITATE

Transfusions of FFP are indicated for patients with general deficiencies in clotting
factors. Some patients have specific clotting factor deficiencies that are present
most commonly because of an inherited disorder. When these patients become
injured or bleed, administering the deficient or absent clotting factor is indicated to
promote clot formation, hemostasis, and wound healing.

Cryoprecipitate is obtained from centrifuging slowly thawed plasma and re-
moving proteinaceous clowing factors, including the factor YIII complex (Le.,
including factor VIII: C and von Willebrand factor), factor XIIL, fibronectin, and
fibrinogen. Because it is the only source of commercially available fibrinogen,
cryoprecipitate is indicated for use in patients with a primary hypofibrinogemic
disorder who are bleeding or at risk of bleeding. It also may be indicated for treat-
ing patients who are bleeding or at risk of bleeding who have a primary defi-
ciency of factor XIII or a primary deficiency of factor VIII (e.g., hemophilia A,
von Willebrand disease) if factor VIII complex is not available.*** Factor VIII
complex concentrate is indicated as a more specific first-line treatment for
patients with hemophilia A who are bleeding or injured. It is also indicated for
patients with von Willebrand disease who are unresponsive to the first-line effects
of desmopressin acetate (DDAVP).** Factor IX complex concentrate (i.e., pro-
thrombin complex, including Christmas factor) is indicated for treating bleeding
or injury in patients with a primary deficiency of factor IX {i.e., hemophilia B or
Christmas disease).
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Procedures for Blood Transfusion =

BLOOD TYPES AND COMPATIBILITY

The blood type of recipients must be verified as compatible with the blood type of
donated bloed prior to transfusion to prevent a potentially life-threatening acute
hemolytic reaction (see the following section, which describes this type of
transfusion reaction and its treatment ). This type of verification is essential whenever
whole blood and PRBCs are transfused and preferred when FFP. platelets, and
cryoprecipitate are transfused

Blood rype refers to key antigens found on the surface of the erythrocytes. These
antigens are type A, type B. or the inactive antigen H. The inactive antigen H is
referred to as type . These antigens exist in pairs, with one of each conferred
genetically by each person’s biological mother and father. Therefore, there are six
different possible permutations of pairs (i.e., phenotypes). Since A and B are equally
dominant, and since O is inactive and therefore recessive, there are four possible
expressed blood types (i.e., genotypes). Each possible combination of blood type
phenotype and genotype includes the following:

* AA phenotype: A genotype with type A blood.
o AQ phenotype: A genotype with type A blood.
* BB phenotype: B genotype with type B blood.
* RO phenotype: B genotype with type B blood.
* AR phenotype: AB phenotype with type AB blood.
» 0 phenotype: O genotype with type O blood =7

Because type O blood contains no active antigens on the surface of its
erythrocytes, it can be donated to patients with any blood type without causing a
hemolytic reaction. Therefore, patients with type O blood are sometimes referred
to as universal donors. Conversely, patients with type O blood cannot receive
allogeneic blood of any other blood type but O because any type of active
eryvthrocyte antigen would be identified by their plasma cells as foreign, and they
would suffer an acute hemolytic reaction. On the other hand, the plasma cells for
patients with type AB blood are primed to recognize either A or B antigen types
as native to them. Therefore, these patients are referred to as universal recipienis
in that they cam receive any type of blood and not suffer an acute hemolytic
reaction. By the same token. however, they may donate blood only to patients
with type AB blood. -7

An additional important antigen found on the surface of erythrocytes is antigen
D. This antigen is referred to as the rhesus factor (Rh factor). If it is present, it is
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noted as Rh positive. Patients whose erythrocytes do not have the Rh factor are
referred to as Rh negative. Patients may have any of the four blood types and also
be Rh positive or negative. Patients with Rh-positive blood may receive alloge-
neic blood of an appropriately compatible type that is either Rh positive or Rh
negative. However, patients with Rh-negative blood generally should receive
only approprate blood types of Rh-negative blood. or they could form antibodies
to the Rh factor that could cause problems with either subsequent transfusions
later in life or, in the cases of pregnant Rh-negative women, acute hemolytic reac-
tions in their neonates.™ ¥

INTRAVENOUS DELIVERY SYSTEM

Blood components are stored in blood banks under conditions that maintain the
safety and quality of the products as dictated by policies and guidelines advocated
by the American Association of Blood Banks (AABE). Prior to obtaining prescribed
blood products from the blood bank, the nurse should ensure that the patient has a
patent intravenous (LV.) line in place that can deliver the blood component that
is ordered safely and effectively. This is important because transfusions of whole
blood or PRBCs must commence within 30 minutes after they are obtained from the
blood bank, or they must be returned to the blood bank and not used. Other blood
components have similar time restrictions. It is preferred that the venous access
catheter be 1¥ gauge or less, although a 20-gauge catheter may be effective. Both
peripheral and central venous access sites are acceptable to transfuse blood
components. The L'V, line cannot be used for any other purposes during the blood
transfusion, however. If the patient does not have a patent 1V, line, does not have an
LV. line with at least a 20-gauge venous access catheter, or does not have an LV, line
that can be used only for the blood transfusion, then an L'V, line must be started that
can accommodate these criteria. In addition to this, the nurse must verify that the
patient’s informed consent was obtained. Other equipment that should be gathered
before the blood component unit is obtained include the following:

+ A sterile single-use blood administration set with filter (Fig. 9-1)
* LV bag of (.9% saline to use as the only compatible Aush solution
+ Eguipment for taking vital signs, including stethoscope, blood pressure

cuff, and thermometer

Any connectors between LV, lines must be of the Luer-lock type, according to
the Standards of Practice promulgated by the Infusion Nurses Society.” Additional
equipment that might be used could include blood warmers, pressure devices such
as pressure bags or fast infusers, and specialized filters. Blood components that are
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Figure 9-1 Blood administration sets. A. One roller clamp, drip chamber with 170-pm
bleod filter. and distal-end injection port. 8. Y-type with three roller clamps. drip chamber
with 170-pm blood filter, and distal-end injection port. (Courtesy of B. Braun, Products
Catalog, 20035.}

transfused relatively quickly may need to be warmed so that the patient does not
become hypothermic. The only approved method to warm blood is by using an
AABB-approved blood warmer that is properly maintained and deemed reliable by
biomedical engineering professionals at the sponsoring institution. Other methods
for warming blood, including immersion of the bag in warmed water, microwaves,
etc., are forbidden. If pressure devices or fast infusers are used, similarly they must
be AABB-approved devices that have a pressure gauge and exert uniform pressure
against all parts of the blood component bag. Leukocyte and microaggregate filters
also must meet industry safety and quality standards if they are prescribed.®
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VERIFICATION PROCEDURES

Prior to initiating a transfusion of a prescribed blood component. the nurse verifies
the appropriateness of the order.” The nurse must verify that informed consent for
transfusion has been obtained and that the patient understands the indications for
the transfusion, its associated risks and benefits, and whether there might be any
alternatives lo transfusion.”** Asking patients whether or not they have ever had
prior blood transfusions and. if so, whether they had any type of adverse reaction
to the transfusion is helpful. Patients who belong to a Jehovah's Witness
congregation may refuse transfusion based on their religious beliefs. and this
decision must be respected and documented per agency or hospital protocols.®
Adfter these procedures, the norse then takes a baseline set of vital signs, including
the patient’'s temperature, blood pressure, heart rate, and respiratory rate, and
records these data in the patient’s record. It is good practice for the nurse to listen
to the patient’s baseline heart and lung sounds to determine if there are any extra
heart sounds, murmurs, crackles, or wheezes.

Both the AABB and the Joint Commission on Accreditation of Health Care
Organizations (JCAHO) mandate that at least two identifiers be used to verify that
the right patient is receiving the right blood component.™ The patient’s full name
typically is one of these identifiers and is present on the blood component product
bag and the patient’s identification bag. The patient also should be asked to state his
or her full name. Other identifiers may include the patient’s date of birth or Social
Security Number or the hospital identification number. The patient’s hospital room
number is not considered an appropriate identifier® The current Standards of
Practice for the Infusion MNurses Society further specifies that two licensed
professionals must verify that the appropriate blood component is matched to the
appropriate patient.”

ADMINISTRATION PROCEDURES

Once it is determined that the right patient is receiving the right blood component
at the right time and for the right reason, the transfusion may be initiated.™ The L'V,
line is flushed with 0.9% normal saline, and the blood component then is flushed
into the line at a slow initial infusion rate. The most serious, life-threatening trans-
fusion reactions tend to occur within the first 15 minutes of transfusion. Therefore,
most blood transfusions begin slowly, and the patient is monitored carefully for the
first 15 minutes after the beginning of therapy. For patients who are in hemorrhagic
shock, this protocol is not followed because quick replacement of lost blood super-
sedes this safety protocol. Many agencies require that the nurse assess the patient’s
vital signs and temperature once every 5 minutes for the first 15 minutes and
then at lengthier intervals as the transfusion continues. Most transfusions should be
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either completed or discontinued within 4 hours. If the patient requires several units
of the same blood component. then the same protocols are repeated for each subse-
quent transfusion, and the unit administration setup is changed so that a new, sterile
blood administration setup is used ¥

MONITORING FOR TRANSFUSION REACTIONS s

The nurse must assess the patient carefully for clinical manifestations of transfusion
reactions during transfusion of blood components. The most common transfusion
reactions are discussed in the following sections. These may include acute hemo-
Iytic reaction, febrile nonhemolytic reaction, transfusion-related acute lung injury,
allergic reaction, volume overload, and bacteremia.

Acute Hemolytic Reaction

An acute hemolytic reaction occurs when a patient is transfused with the wrong
blood type. Clinical manifestations tend to occur very quickly, within 5-15 minutes
after the transfusion commences. These include the following:

» Chills

+ Fever

= Low back pain

* Tachypnea

= Tachycardia

+ Hypotension

= Pain and fAushing at the infusion site

When the wrong type of blood component is transfused, the transfused

erythrocytes are recognired by the recipient’s plasma cells as foreign, and host
antibodies attack these cells, causing rapid erythrocyte destruction or hemolysis.
By-products of rapid erythrocyte destruction clog the renal tubules, resulting in low
back pain, hematuria, and acute renal failure. In addition, because the recipient’s

immune system mounts an acute systemic response, the patient mounts a fever and
exhibits signs consistent with shock

Febrile Nonhemolytic Reaction

Febrile nonhemolytic (FNH) reactions occur when the recipient’s plasma cells form
antibodies to HLAs found on transfused leukocytes or platelets. The likelihood that
these reactions will occur increases with lengthier transfusion times and with
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repeated blood transfusions. Therefore, guidelines for transfusing whole blood or
PRBCs specify that each unit infuse within 4 hours to decrease the likelihood that
FMNH reactions occur. Patients with a prior history of an FNH reaction or who are at
increased risk for an FNH reaction because they have had multiple transfusions
may be candidates for prophylactic transfusions of leukocyte-reduced PRBCs. In
addition, these patients may benefit if an antipyretic such as acetaminophen is
administered immediately prior to commencement of the transfusion. ™

Clinical manifestations of an FNH reaction may include the following:

» Chills

* Fever

* Headache
= Myalgias
* Naousea

= Chest pain™"

Transfusion-Related Acute Lung Injury

The pathophysiclogic mechanism responsible for transfusion-related acuote lung
injury (TRALI) is similar to that found in FNH reactions in that the recipient’s
immune system forms antibodies to allogeneically donated leukocytes. For reasons
that are not entirely clear, however, the response in TRALI tends to be much guicker
than that found in FNH reactions and tends to cause acute respiratory failure
followed by a type of acute respiratory distress syndrome. These patients tend to
respond well to early recognition, aggressive management of acute respiratory
failure, and I.V. administration of corticosteroids.***"

Allergic Reactions

Mast allergic reactions to allogeneically transfused blood are mild and occour as a
result of immunoglobulin E (IgE)—regulated sensitivity to the donated blood’s
plasma proteins. This type of reaction typically is delayed and occurs either toward
the end of the transfusion or within a couple of hours after the transfusion is
completed. Clinical manifestations include

* Flushing
+ Urticaria (i.e., hives)

+ ltching, particularly of the palms of the hands and soles of the feet

Patients with a prior history of a variety of other allergies are particularly susceptible
to this type of urticarial reaction to a blood transfusion. Patients with known prior
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histories of urticarial allergic reactions to blood transfusions may benefit from
administration of diphenhydramine (Benadryl) immediately prior to commencement
of subsequent transfusions to mitigate these allergic manifestations >

Infrequently, allergic reactions to allogeneically transfused blood can be IgE-
mediated and thus exhibit as an anaphylactic type of reaction. This type of reaction
typically occurs early during the first few minutes of the transfusion, and the patient
rapidly deteriorates into amaphylactic shock unless rapid interventions are taken.
These clinical manifestions include the same signs and symptoms that are consistent
with an allergic reaction plus the following:

* Wheezing with respiratory distress, followed by stridor and laryngospasms
+ Nausea, abdominal pains, severe cramping
= Tachycardia

* Hypotension with narrowed pulse pressure™

Circulatory Overload

Patients with a history of heart failure or those at risk of heart failure may not be
able to handle rapid 1Y, infusion of blood components and may exhibit clinical
manifestations of acute heart failure or circulatory overload. Thus it is important
that the nurse monitor and document the patient’s baseline vital signs and assess
and document the patient’s baseline heart and lung sounds before transfusions are
begun. These baseline data may be compared with data derived during and after
transfusion to determine whether or not the patient is suffering from circulatory
overload or acute heart failure. Clinical manifestations consistent with circulatory
overload include the following:

* Angina

* Dyspnea

+ Tachycardia

= Tachypnea

+ Hypotension

= Bibasilar crackles
+ Coughing

* Hemoptysis

= 5

3

= Oliguria
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Patients with a known history of heart failure and who are considered at nisk for
circulatory overload may benefit from having their blood components administered
more slowly. In some instances, it may be advisable to request that blood bank
professionals prepare “split packs™ of PRBCs so that patients with heart failure do
not receive entire units of blood products within 4-hour time limits. Other prophylactic
interventions may revolve around administering prophylactic LY. loop diuretics to
these patients so that they can receive maximum benefits of myocardial oxygenation
from transfused blood cells while overall increases in blood volume are minimized,
thus diminishing myocardial workload and the likelihood of circulatory overload.

Bacteremia and Sepsis

Contamination of the transfused blood component with pathogens, most commonly
bacteria, can cause blood-borne bacterial infections (i.e.. bacteremia) and systemic
infection (i.e., sepsis). This can be prevented through administering the blood components
within the specified time limits, by maintaining the sterility of the L.V, administration
setup with Luer-lock connections, and by changing IV, blood administration sets every
4 hours or with the administration of each new blood component unit. In addition, L'V,
administration sets should be changed anytime that contamination is suspected.” Clinical
manifestations of bacteremia and sepsis may vary widely from fever and chills to
manifestations that are consistent with septic shock.™™

General Protocols for Treating Transfusion Reactions /&

Whenever any type of transfusion reaction is suspected, there are some general
protocols that must be instituted. First of all. if the patient is still receiving the
transfusion, it muost be stopped immediately. The physician is notified. and the exact
clinical manifestations that the patient exhibits are reported and documented
carefully. The patient identification protocol is repeated to ensure that the patient
received the right blood component product. ™™ The LV, access line is flushed with
0.9% sterile saline and kept patent in the event that emergent LY. push medications
are indicated or in case the patient requires emergent fluid volume resuscitation.
Blood and urine specimens are obtained and sent to the blood bank for analysis,
along with the original blood component infusion set and bag with its remaining
blood component contents. 3%

Sreep Bumr

If a patient is suspected of exhibiting manifesiations of any type of transfusion
reaction, the first treatment infervention that must be instituted is
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Summary

Transfusions of specific blood components may be indicated to cormect acute
life-threatening blood component deficiencies. Almost any major blood
component may be transfused. The advent of recombinant pharmacologic
blood component colony-stimulating factors has supplanted some indications for
blood transfusion. In addition, a heightened awareness that transfusion with blood
components can have deleterious short- and long-term effects on immune function
has further limited indications for blood transfusions. Nurses administering
transfusions must thoroughly understand the policies and protocols that govern safe
and effective delivery of transfusions. In addition, they must be adept at recognizing
transfusion reactions when they occur and intervening quickly to prevent further
morbidity and mortality.

Quiz

| A normal adult male hemoglobin level is
fah 15 gfdL.
{b) 45 percent.
(c) 12 g/dL.
(d) 5.0 = 10° cellsfmm®.

2. Leukopenia may be treated safely and effectively with
(a) leukocyte transfusions.
(b} whole blood transfusions.
{c) recombinant granulocyte colony-stimulating factor (G-CSF).

{d) recombinant erythropoietin.

3. The expiration date for whole blood or packed red blood cells is approximately
{a) 30 minutes after it is donated.
(b) 9 days after it is donated.
{c) 30 days after it is donated.
(d) 42 days after it is donated.
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. Each unit of packed red blood cells that is transfused should increase the
hematocrit by

{a) | percent.
(b} 3 percent.
{c) 5 percent.
(d)y 10 percent.

. The method of antotransfusion that uses blood that is withdrawn from the

patient 4-6 months precperatively and stored in case the patient requires
blood transfusions postoperatively is

(a) preoperative autologous blood donation (PABD).
(b} acute normovolemic hemodilution (ANH).

(c) intraoperative blood salvage (IBS).

(d} postoperative blood salvage (PBS).

. Which of the following types of modified units of packed red blood
cells (PRBCs) may be indicated for patients with a history of febrile
nonhemolytic reactions?

{a) Irradiated

(b} Washed

{c) Leukoctye-reduced
{d) CMV screened

. Transfusions of platelets are indicated for

(a) all patients who are thrombocytopenic (i.e., have lower than normal
platelet counts).

(b} all patients with bleeding disorders or coagulopathies.
(c) all patients with platelet counts of less than 10,000/mm’.

(d} all patients with consumptive platelet disorders such as idiopathic
thrombocytopenia purpura (ITP).

. Transfusions of fresh-frozen plasma (FFP) are indicated for
{a) patients with hemophilia A and bleeding or injury.
(b} patients with hemophilia B and bleeding or injury.
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(c) patients with von Willebrand disease with bleeding and injury.

(d) patients receiving warfarin (Coumadin} who require quick reversal of
its anticoagulation effects.

9. A patient with an AD phenotype will have which blood type?

{a) Type A

{b) Type B

ic) Type AB

(d) Type O

10. Patients with which blood type can receive transfusions of type A, type B,

and type O blood?

(a) Type A

(b) Type B

(c) Type AB

id) Type O

1. Which patients with Rh-negative blood type must receive transfusions of
Rh-negative blood types?

{a) All patients who are Rh-negative
(b) Elderly men

{c) Elderly women

{d) Women of childbearing years

12. Which of the following must be verified prior to commencing a
transfusion?

(a) Patient's informed consent
{b) Physician's order

{c) Two unique patient identifiers that match and are found on both the
blood component and the patient

{d) All of the above

13. The transfusion reaction that is life-threatening and tends to manifest
quickly when patients are transfused with the wrong blood type is afan)

{a) acute hemolyiic reaction,
ib) febrile nonhemolytic reaction,
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ic) transfusion-related acute lung injury.

(d} allergic reaction.

The transfusion reaction that tends to occur with lengthier transfusion times
and/or with repeated blood transfusions is alan)

(a) acule hemolytic reaction.
(b} febrile nonhemolytic reaction.
(c) transfusion-related acute lung injury.

{d} allergic reaction.

. Intravenous access lines for blood transfusions

(a) may be flushed only with sterile water.
(b} may use only 16-gauge access catheters.
(c) may be used for access of L'V. push diuretics as needed.

{d} must use secure Luer-lock connections as appropriate.



CHAPTER 10

Parenteral
Nutrition Therapy

Learning Objectives

After completing this chapter, the learner will
1. Identify indications for parenteral nutrition therapy.

2. Compare and contrast the composition of commonly prescribed parenteral
nutrition solutions.

Discuss methods for delivery of parenteral nutrition solutions.

& Describe methods that ensure safe initiation. maintenance, and discontinuation
of parenteral nutrition infusions.

5. Identify common short- and long-term complications associated with
parenteral nutrition therapy.

Copyright @ 2008 by The McGraw-Hill Companies, Inc. Chick here for terms of use
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,_° Key Terms

Parenteral nutrition Total parenteral nutrition
Hyperalimentation Total notrient admixture
Enteral nutrition Fat emulsions

Parenteral Nutrition Defined

Parenteral nutrition (PN) refers to the delivery of nutrients into a central or
peripheral vein by an intravenous (I.V.) delivery system that is sometimes also
called hyperalimentation. PN is administered either as a sole source of nutrition or
to supplement enteral feedings. Enteral nutrition refers to the delivery of nutrients
through the gastrointestinal tract, either naturally or by using feeding tubes that
deliver nutrients into the stomach, duodenum, or jejunum. Delivering nutrients by
the enteral route is preferred to delivering nutrients by the parenteral route whenever
possible because when the gastrointestinal tract is not used, villous atrophy occurs,
and the gastrointestinal tract’s competency at digesting and metabolizing nutrients
in the future becomes compromised.

1" In some instances, it may not be possible o meet patients’ total nutritional
needs through either natural means or administering gastric, duodenal, or jejunal
tube feedings. These patients include those who cannot completely absorb nutrients
because of short bowel syndrome, for instance. Not administering nutrients
sufficient to meet daily caloric needs can lead to hypoalbuminemia and negative
nitrogen balance, which can lead to loss of skeletal muscle mass and cachexia, poor
wound healing, and diminished immunocompetence. Thus these patients may
require the delivery of additional nutrients parenterally.

In some instances, patients are unable to ingest or absorb any nutrients enterally.
These patients must have their nutritional requirements met completely through
nutrients delivered by a parenteral route. Examples of patients who would require
this include those patients who have gastrointestinal fistulas and intestinal
obstructions.*!

Sreep Bumr

refers to the delivery of nutrients inte a central or peripheral
vein by an LV, delivery system.
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Types of Parenteral Nutrition =

PN solutions are admixed individually in pharmacies using aseptic techniques
under laminar Aow hoods.® The formula used to admix any PN solution is based on
the individual patient’s calculated fluid, electrolyte, and caloric requirements. In
tandem with these considerations, the patient’s specific metabolic needs that can
affect fluid. electrolyte, micronutrient, and macronutrient requirements are taken
into account to prepare the most nutritionally complete parenteral solution possible
for that patient.

TOTAL PARENTERAL NUTRITION SOLUTIONS

Most PN solutions contain over 30 different components, including water,
electrolytes, micronutrients, and macronutrients. The amount of water that should be
delivered with PN solutions is approximately 30-35 mL/kg per day.“ Electrolytes
may include the following:

= Sodium, with a recommended daily requiremeni of 40-50 mEq

* Potassium, with a recommended daily requirement of 300 mEq

* Chloride, with a recommended daily requirement of 40-50 mEq

* Phosphate, with a recommended daily requirement of 15-25 mmol

= Magnesium, with a recommended daily requirement of 8-12 mEq

= Calcium, with n recommended daily requirement of 2-5 mEg"

Micromitrients include vitamins and trace minerals. The vilamins composition

of typical PN solutions includes the following:

= | mg vitamin A (retinol)

* 3 mg vitamin B, (thiamine)

* 3.6 mg vitamin B, (riboflavin)

* 15 mg vitamin B, (niacin)

* 4 mg vitamin B, (pyridoxine)

= 60 pg vitamin B, (biotin)

+ 400 pg vitamin B, (folic acid)

* 5 pg vitamin B, (cobalamin)

= 100 mg vitamin C (ascorbic acid)

* 5 pg vitamin D (ergocalciferol)

= 10 IU vitamin E (tocopherol)*
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Patients who are not taking oral anticoagulants (e.g., warfarin [Coumadin]} may
be prescribed PN solutions that also contain 1-4 mg/day vitamin K.** Trace
minerals that typically are admixed to PN solutions include zinc, chromium, copper,
manganese, and sometimes selenium, Vitamins and trace elements are essential
components of PN solutions because they ensure that macronutrients can be
metabolized appropriately.™*

Macronutrients added to PN solutions include proteins and carbohydrates and
sometimes fats. PN solutions that contain proteins and carbohydrates are sometimes
referred to as 2-in-1 PN solutions or sometimes total parenteral nutrition (TPN)
solutions. Patients who receive infusions of the 2-in-1 TPN solutions require
supplemental parenteral infusions of fat emulsions (see below). PN formulas that
contain all three essential macronutrients of proteins, carbohydrates, and fats are
sometimes referred to as J-in-f PN solufions or sometimes total nutrient
admixtures (TNAs). The following section describes TNAs in more detail.

The amount of proteins and carbohydrates in any 2-in-1 TPN formulas can be
highly variable based on the individual patient’s calculated needs and metabolic
state. The most common carbohydrate source is dextrose, which can range in
solution concentrations from 5-70 percent.** Glycerol sometimes is also used as an
additional source of carbohydrates in TPN solutions. TPN solutions with a dextrose
concentration that is greater than 10 percent should be infused through a central
VENOUS access site.”?

Protein is provided by admixing amino acids with the solution at approximately
0.8 g/kg per day. The actual prescribed TPN concentration of protein can vary
considerably depending on the patient’s metabolic state and ability to metabolize
proteins.”® For instance, patients with acute renal failure may not be able to rid
themselves of the nitrogen that is a by-product of amino acid metabolism and can
become azotemic. Therefore, these patients typically are prescribed fewer amino
acids in their TPN solutions.

TPN solutions are clear yellow in color. Because TPN solutions become
unstable when exposed to light and extremes in temperature. they are typically
stored in a refrigerator.®® It is recommended that these bags be removed from the
refrigerator | hour before they are hung so that a cold solution is not infused into
the patient."** If a TPN LV, bag is hanging for more than 24 hours, it should
be changed because it may become unstable *** Each bag of TPN solution should
be examined closely before it is hung for any evidence of precipitate or particulate
matter. If either of these is present, the bag should not be hung and should
be returned to the pharmacy. It is possible that TPN solutions can contain
precipitate or particulate matter that is not visible. To prevent patients from
receiving infused precipitate or particulate matter that can become emboli, TPN LV,
setups should include a 0.2-pm filter.”
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Parenteral nutrition solutions contain water, electrolytes, micronutrients that
include and trace minerals and macronutrients that include
proteins, and sometimes fais.

TOTAL NUTRIENT ADMIXTURES

TNAs are pot true solutions because they conlain fal emulsions in addition to
containing amino acids, dexirose, and glycerol in concentrations similar to those
found in TPN. TNAs are milky white in appearance because of these added fat
emulsions. TNAs behave similarly to TPN solutions when they are exposed to light
or lemperature extremes and should be treated the same. Before a bag of TNA is
hung, it should be examined to ensure that its appearance is uniformly white. If
there is any evidence of oil droplets, frothiness, or discoloration, the bag should not
be hung but should be retumed to the pharmacy, ™

A disadvantage to using TNAs is that it may not be readily apparent whether or
not there is precipitation or particulate matier in the solution. Therefore, TNA LV.
setups always should include a 1.2-pm filter" Advantages to using TNAs rather
than TPN solutions and fat emulsions include decreased overall cost, decreased
nursing time associated with hanging fewer LV, infusions, and decreased likelihood
of bacteremia from less frequent manipulation of the LV, access site,'*

FAT EMULSIONS

Fat emulsions must be prescribed as additional supplements for patients who are
receiving TPN, Fatty ncids contained in fat emulsions provide essential nutrients
that cannot be obtained through other nutritional sources, Deficiencies in fatty acids
can result in poor wound healing and chronic diarrhea. ™ Patients who receive TNAs
do not require supplemental fal emulsions because their 3-in-1 formula already
contains sufficient concentrations of fatty acids,

Fat emulsions typically are administered in the form of a commercially packaged
formula of safflower oil, soybean oil, and egg phospholipids in either a 10% or 20%
concentration. These LV. fat emulsions (IVFEs) typically are packaged in 500-mL
bottles with their own special infusion lines that can be administered concomitant
with the TPN solution by a Y-connector past the point of the TPN filter. IVFEs
typically are infused three times a week over 6= to 12-hour infusion intervals. Prior
to administering I'VFEs, the nurse should examine the IVFE bottle for any evidence
of instability. The solution should appear uniformly milky without any evidence of
heterogeneity, oiliness, frothiness, or discoloration. If it is suspected that the solution
is unstable, it should be returned to the pharmacy.**
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Patients with a history of allergies to eggs or to safflower or soybean products or
oils should not be prescribed [VFEs.**** Some patients without a known allergy to
any of these nonetheless may exhibit an immunoglobulin E (IgE)-mediated allergic
reaction. These may be exhibited by flushing, urticaria (i.e.. hives), and itching,
particularly of the palms of the hands or soles of the feet. If the patient exhibits any
of these signs during infusion. the infusion must be discontinued immediately and
the physician notified. Some patients may exhibit some of these manifestations
shortly after the IVFE infusion has finished. The physician should be notified of
this event before another IVFE infusion is begun. Any signs or symptoms that
suggest that the patient has exhibited an allergic response to the IVFE should be
documented in the patient’s record.

Methods of Delivering Parenteral Nutrition =

CONTINUOUS

All acutely ill patients who receive PN have this administered by a continuous LY.
infusion. These patients’ total daily fluid, caloric, and nutritional needs are delivered
over a continuous 24-hour infusion.

CYCLIC

Patients who receive PN long term and who are outpatients may have their PN
delivered over a 12- to 18-hour daily cycle.* Patients eligible for this type of cyclic
therapy must first evidence physiologic stability on continuous PN, as evidenced by
stable blood glucose levels, before the transition can be made to cyclic therapy.
Patients who are the best candidates for cyclic L'V. PN are those who can partially
meet their nutritional requirements enterally. Advocates of cyclic PN for outpatients
assert that these patients have improved quality of life in that they have periodic
freedom from being set up to LV, infusions.*™

PERIPHERAL AND CENTRAL

Most PN solutions must be infused by central venous access routes. Most TPN and
TNA solutions are too hypertonic to be delivered into peripheral veins without
quickly causing thrombosis and phlebitis {see Chapter & for descriptions of thrombosis
and phlebitis and their respective treatments). Central 1.V, access sites for infusing
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TPN and TNA solutions may include peripherally inserted central catheters (PICCs),
nontunneled central catheters, tunneled central catheters, and implanted ports (see
Chapter 5 for a comparison of these types of central LV. access).

PN solutions that contain 10 percent or less of dextrose may be delivered
peripherally without incurring heightened risks of thrombosis and phlebitis over the
short term. Patients who are candidates for receiving these types of less dextrose-
dense solutions by a peripheral sccess route are those slated to receive PN as
supplements to enteral feedings. In general, the anticipated length of peripheral
parenteral nutrition (PPN) therapy may not exceed 7 days, or the attendant risks of
thrombosis and phlebitis outweigh the benefits of therapy.

Sreep Busmr

Parenteral nutrition solutions that might be infused by peripheral venous access
siles contain

Procedures for Administering
Parenteral Nutrition =

INTRAVENOUS DELIVERY SYSTEM

As noted previously, most PN solutions are infused continuously and by central
venous access sites. Although PN solutions may be compatible with some
medications, it is generally advocated that TPN and TNA solutions infuse in their
own dedicated lines." The less often that these dedicaled lines are accessed or
manipulated, the lesser is the likelihood that they will become contaminated.

TPN, TNA, and IVFE solutions should be infused using an elecironic infusion
device or LV. pump." The prescription for the composition of the TPN, TNA, and/
or IVFE solutions and their respective hourly rates of delivery must be made by o
physician or advanced-practice clinician with prescriptive authority authorized by
the respective governing state board of nursing or medicine. The nurse must verify
that the right PN solution is prescribed for the right patient at the right prescriptive
dosages and formulations, by the right venous access route, and at the right hourly
rate. To verify this, the patient and the TPN or TNA bag must be double-checked
prior to initiation of therapy by two professionals with the patient’s name and two
identifiers that may not include the patient’s room number.*

Any type of PN must be infused completely within 24 hours after it is hung or it
must be discarded because it may become unsiable. The LV. administration sets
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(e.g.. LV, tubing) must be changed using aseptic technigue at least every 72 hours
if only TPN is infused. If TNAs or IVFEs are infused, the 1.V, delivery sets must be
changed every 24 hours.*

Compatibility of Pharmacologic Agents

As noted previously, the LY. line that is used for delivery of TPN or TNA solution
should be dedicated to that purpose alone. with the exception of IVFEs, which may
be piggybacked into a TPN line." Some medications are commonly admixed with
the TPN or TNA solution in their infusion containers or LY. bags because they are
indicated for use in most of these patients and generally are considered compatible
with these types of solutions used. These medications include insulin, famotidine
(Pepcid), and ranitidine (Zantac).** Although these medications are considered
compatible with TPN and TNA solutions, they should not be added to TPN or THNA
I.V. bags after they have begun to infuse® or the hourly dosage rate may be difficult
to validate. Any medications that are admixed to TPN or TNA LY. bags should be
highlighted on the labels on the respective PN bags with the admixed dose. the date
the medication was added. and the initials of the clinician who admixed the
medication in the PN solution.®

INITIATING THERAPY

TPN and TMA solutions should be initiated at hourly rates that are slower than
those prescribed for the long term. Typical initiation regimens begin at 40-50 mL/h,
which is increased each subsequent hour by 25 mL for up to & hours until the
desired hourly infusion rate is met. At this point, the patient may be maintained at
the desired hourly infusion rate on a continuous basis.

MONITORING EFFECTIVENESS OF THERAPY

Patients receiving continuous infusions of TPN or TNA solutions in the acute-care
setting showld have serum glucose levels assessed every 6 hours for at least
48 hours and then every 24 hours thereafter if glucose levels are normal. Many
patients will require continued 6-hour assessments of their blood glucose levels
for the long term and will require sliding-scale insulin coverage andfor insulin
admixed with their TPN or TNA solution. Other assessments that should be
performed on a daily basis include weights, intake and output. and serum
electrolytes. Albumin and prealbumin levels should be assessed at least weekly.
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MONITORING FOR ADVERSE EVENTS s

Related to I.V. Access

Patients who receive PN infusions by central LV, access routes are at risk for the
same associated problems of hemothorax, pneumothorax, airembolism, thrombosis,
and infection that accompany use of a central venous access device, which were
identified in Chapter 5.%

Sepsis

Bacteremia and sepsis are common complications associated with the use of PN
infusions. This is true partly because most of these solutions use central LV, access
sites with multiple lumens thal are accessed numerous times on a daily basis,
making them more susceptible to iatrogenic entry of pathogens, and partly becanse
PN solutions are ideal media for the growth of bacterial colonies.

Methods previously identified to diminish the likelihood of sepsis should be
employed. In addition, all clinicians should wash their hands prior to touching any
TPN. TNA, or IVFE administration set and wear clean gloves, Dressings and lines
should be changed at least every 72 hours if they did not infuse any type of fat
emulsions (e.g., TPN) and every 24 hours if they were used to deliver fat emulsions
(e.z.. TNAs and IVFEs). Dressings and administration setups should be also be
changed whenever they become contaminated. TPN, TNA, and IVFE solutions
should be discarded if they are not fully infused within 24 hours,

Allergic Reactions

Allergic reactions may occur with the infusion of any type of parenteral nutrient but
occur most commonly when fat emulsions are introduced, as noted previously in
that section.

Fluid and Electrolyte Imbalances

Hyperglycemia is the most common complication associated with administration
of PN solutions.” If undetected, it can lead to hyperosmolar hyperglycemic
nonketotic (HHNK) coma, which can result in life-threatening dehydration. Patients
with HHNK coma may manifest blood glucose levels in excess of 600 mg/dL. The
excessive serum glucose acts as an osmotic diuretic, and excessive thirst and
polyuria are commeon clinical indicators. This life-threatening syndrome can be
treated with administration of LV. insulin and generous infusions of crystalloids.
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HHNK coma can be prevented by monitoring the patient’s blood glucose levels
periodically as ordered, particularly when PN therapy is being initiated.”

Any type of electrolyte imbalance identified previously in Chapter 3 might be
exhibited by a patient receiving PN infusions. These may include hypernatremia,
hyponatremia. hyperkalemia. hypokalemia, hypercalcemia, hypocalcemia,
hyperphosphatemia. hypophosphatemia, hypermagnesemia, and hypomagnesemia.
Patients may be treated for these electrolyte disturbances by interventions also
described in Chapter 3 or by adjusting electrolyte concentrations in their TPN or
TNA solutions.

Hyperglycemia and Hypoglycemia

As noted previously. the most common complication associated with administering
TPN or THA solutions is hyperglycemia.®** This can be prevented by carefully
assessing periodic blood glucose levels, particularly when PN is initiated, when its
rate of infusion is altered, or when the patient’s caloric requirements change because
of stress related to disease states or interventions such as surgery. In general, patients
who are beginning TPN or TNA infusions should have their blood glucose levels
monitored at least every 6 hours and should be provided sliding-scale insulin
coverage. For patients whose blood glucose levels are continuously greater than
140 mg/dL or less than 90 mg/dL, blood glucose monitoring may need to occur as
frequently as every hour. For patients whose blood glucose levels remain chronically
high and who require consistent every-6-hour insulin coverage, insulin may be
mixed with the PN solution.®

Hypoglycemia may occur if the PN solution is stopped abruptly.*® This may
occur if a PN L'V, bag that is ready to be hung becomes contaminated and cannot be
hung because of the heightened risk of bacteremia. The pharmacy must be notified
to admix a new sterile L'V. bag of PN solution. In the interim, an LV, bag of 10%
dextrose can be hung at the same hourly rate as the PN solution. This substitute
certainly will not provide a complete source of nutrients for the patient but will
provide a bridge to therapy that can prevent a life-threatening hypoglycemic reaction
from occurring until a new sterile 1.V, bag of PN solution is available.

Refeeding Syndrome

Refeeding svndrome describes a systemic response that occurs when nutrients and
fluids are administered too suddenly to a patient who has been severely malnourished
for a long time. The rapid introduction of electrolytes, vitamins, and macronutrients
causes rapid and severe disruption in fluid and electrolyte balance, resulting in heart
failure, generalized edema, and acute renal failure. This may be treated by administering
diuretic agents and by adjusting the rate and composition of the PN solution. The best
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prevention of refeeding syndrome is prevention. A patient known o be severely
malnourished should be prescribed a low initial PN infusion rate. The rate of infusion
then is increased slowly based on continued satisfactory assessment of the patient’s
fluid and electrolyte status and the satisfactory response of the patient’s cardiovascular
system to the therapy.”

Long-Term Metabolic Complications

Patients who are maintained on PN solutions for the long term may develop a host
of idiosyncratic complications. These may include liver failure from hepatic
steatosis or steatohepatitis, cholelithiasis and cholestasis, manganese toxicity that is
associated with a neurotoxic parkinsonism, and metabolic bone disease ** The best
treatment of these disorders is prevention—by instituting enieral feedings as soon
as reasonably possible and then discontinuing PN therapy. Patients who cannot be
fed enterally and must be maintained on PN for weeks or months must be scrutinized
closely for their responses to PN therapy because most of these complications are
related to overfeeding.*

DISCONTINUING THERAPY

Patients who receive PN cannot have their infusions stopped abruptly, or they may
exhibit rebound hypoglycemia (see the discussion in the section on hyperglycemia
and hypoglycemia above). Rather, these infusions must be diminished gradually so
that blood glucose levels are consistently maintained. Patients who were nol
receiving enteral feedings previously and who are now either beginning to eat or
who are gradually being fed enteral tube feedings might have their PN infusions
tapered down gradually while their enteral feedings increase gradually until the PN
infusions can be stopped safely. Another method 1o effectively discontinue PN
infusions includes discontinuing centrally infused PN infusions while concomitantly
introducing peripherally infused 10% dextrose solutions that may, in turn, be
changed to 5% dextrose solutions that are then titrated down and eventually
discontinued safely.***'

Summary

PN therapy is indicated for patients who cannot receive their complete daily
nutritional needs by the enteral route. PN solutions include individually prescribed
complex mixtures of water, electrolytes, trace elements, vitamins, amino acids,
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carbohydrates, and fatty acids. In addition to these, some medications may be added
o PN solutions. PN solutions may be administered centrally or peripherally and on
acontinuous oracyclic basis, although they are most often administered continuously
via a central venous access route. The most common life-threatening complication
associated with PN vse is hyperglycemia, but many other short- and long-term
complications are associated with the use of PN. The nurse must be cognizant of
these complications and methods to prevent and treat them in order to deliver
optimal care to patients receiving PN infusions.

Quiz
l. For which of the following patients might PN therapy be indicated?
{a) A patient who has acute pancreatitis
(b} A patient who has cancer and has lost weight

{c) A patient who has mouth sores and has difficulty chewing
(d} A patient with a bowel obstruction

2. Which of the following patients might not have vitamin K admixed to his
or her TPN solution?

(a) A patient who is bleeding

{b} A patient who is prescribed heparin

{c) A patient who is prescribed warfarin (Coumadin}
{d} A patient who is hyperkalemic

3. Which of the following PN formulas contains amino acids, carbohydrates,
and fatty acids?

(a) Total parenteral nutrition (TPN)

(b} Peripheral parenteral nutrition (PPN)
(c) Total notrient admixture (THNA)

(d} LV. fat emulsions (IVFEs)

4. Which of the following PN formulas is most {fkely to incite an allergic
reaction during infusion?

(a) Total parenteral nutrition {TPN)
(b} Peripheral parenteral nutrition (PPN)



CHAPTER 10  Parenteral Nutrition Therapy 163

(c) Total nutrient admixture (TNA)
(d) LV. fat emulsion (IVFE)

5. Which of the following methods of delivering PN is indicated most commonly
for patients who are acutely ill?
(a) Continuous
(b) Cyclic
{c) Peripheral
(d) Gastric

6. All but which of the following medications may be admixed safely to either
TPN or TNA solutions?

{a) Insulin

(b) Ondansetron (Zofran)
(c) Famotidine (Pepcid)
(d) Ranitidine (Zantac)

7. The most common complication associated with PN infusions is
(a) sepsis.
(b) bacteremin.
(c) hyperglycemia,
(d) hypoglycemia,
B. A systemic response that occurs when nutrients and Auids are administered

too rapidly 1o a patient who is severely malnourshed, causing heart failure,
edema, and renal failure, is known ns

(a) hyperosmolar hyperglycemic nonketotic (HHNK) coma.
(b} hepatic sieatosis,

(c) mewrotoxic parkinsonism.

(d) refeeding syndrome.



CHAPTER 11

Intravenous
Pharmacologic Therapy

Learning Objectives

Adfter completing this chapter, the learner will

1

2
3
&

Identify indications for intravenous (I.V.) pharmacologic therapy.
Describe basic guidelines for administration of L.V, pharmacologic agents.
Compare and contrast methods for delivering L'V. pharmacologic agents.

ldentify adverse events that may occur from administration of LV
pharmacologic agents and their prevention and treatment.

Recognize prototype drugs from classes of drugs that are commonly delivered
by the LY. route.

Copyright & 2008 by The McGraw-Hill Companies, Inc. Chck here for terms of use



!—0 166 LV. Therapy Demystified

0 Key Terms

Pharmacologic agent Attenuated
Compatible Inactivated
Extravasation Prototype drugs
Potentiated

Indications for Intravenous (I.V.)
Pharmacologic Therapy «

The term pharmacolegy is rooted in the Greek word pharmacen, which translates
to “drug” in English. Thus pharmacology refers to the study of medications or
drugs, and a pharmacologic agent is another term for a medication or a drug.
There are multiple indications for administering medications intravenously. These
indications may include any or all of the following:

* The patient cannot swallow medications orally or absorb them enterally.

* Quicker drug action is required than can be accomplished by other routes.

* The medication has a very short half-life and must be administered
continuously.

+ A required medication is only effective when administered intravenously.

Almost any medication delivered by the LV, route is more likely to cause venous
access-site irritation and therefore is more likely to cause access-site thrombosis
and phlebitis. Therefore, patients who receive 1.V, medications should have those
L.V, access sites scrutinized more carefully for these complications (see Chapter 6
for descriptions of thrombosis and phlebitis and their respective treatments).

SreEp BuMmr

Medications delivered by the LV, route are more likely to cause venous access-site
irritation and therefore are more likely to cause access-site and
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Basic Principles of Administering
I.V. Pharmacologic Agents =

There are some basic guidelines that must be followed whenever any medication is
administered intravenously. These include the following:

+ Only medications that are specifically manufactured and approved by
the Food and Drug Administration (FDA) for LV, use should be given
intravenously.

» Medications should never be used past their expiration date because
they can become unstable and less effective. Likewise, multiple-dose
medication vials must be marked with the date on which they were opened
and eventually discarded based on manufacturer’s guidelines. Many
medications expire 30 days after a vial is opened. Opened vials that are not
dated should be discarded.

= Sterility of the medication and LV. delivery system must be maintained
during administration o prevent sepsis. The more often that the L.V.
infusion setup is accessed, manipulated, or disrupted to administer
medications, the greater is the likelihood that contamination will occur.

= Intravenous medications can be administered only with solutions verified as
compatible. Compatible solutions and medications can be admixed without
changing their potency or effectiveness. Mixing medications that are
incompatible can result in inactivation of the medications, changed efficacy
of the medications, or precipitation of erystals in the solution, which can
become emboli when administered intravenously. By the same token, LV.
medications can be administered only in the same LY. line with other LV,
medications after these medications are verified as compatible. If a single
LV line is used to administer two medications that are incompatible, the
line must be flushed with sufficient volume of solution compatible with both
medications between administrations. Many medications are compatible
with either 5% dextrose in water (D, W) or 0.9% saline (i.e.. normal saline
[N5]) solutions.

+ Manufacturer’s guidelines must be followed whenever a medication is
reconstituted or diluted with a solution (i.e.. diluent). A medication that is
reconstituted or diluted should be gently shaken to ensure that the medication
is uniformly mixed with the solution. Likewise, medications admixed in L'V,
bottles or bags should be gently shaken before administration.
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Medications that require reconstitution should be withdrawn from their
vials with a filtered needle to prevent inclusion of any particles that could
become blood-borne emboli if administered intravenously.

Intravenous medications should be administered with needleless delivery
devices to prevent needlestick injuries. Figure | 1-1 shows commonly used
needleless dispensing pins.

Any medications that are admixed to any LY. bag should be clearly labeled.
The label should include the name of the medication, the medication dose,
the initials of the person who prepared the medication, the date and time the
medication was prepared, and the expiration date. The patient’s name and
another identifier such as the patient’s hospital identification number also
should be affixed to the LY. bag on the label. The patient’s room number is
not considered a valid identifier.*

The L.V, venous access site must be verified as patent prior to administering
any medication.

Mo matter what method of delivery is used, safety principles that guide

the delivery of all medications must be followed. That is, the right patient
should receive the right dose of the right medication by the right route at the
right time. Dosages and time intervals for delivery of any LY. medications
must strictly adhere to pharmacy guidelines.

Sreep Bumr

Intravenous medications can be administered only with solutions verified
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Figure 11-1 Needleless dispensing pins. A. Noovented single-use pin. 8. Nonvented
multiple-use pin with two-way valve. (Courtesy of B. Braun. Products Catalog, 20035.)
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Methods for Delivering
I.V. Pharmacologic Agents =

PERIPHERAL AND CENTRAL LINES

In many cases, it does not matter whether a medication is delivered into a peripheral
line or a central line as long as the line is patent and there are no intraline solution
or medication incompatibilities. Medications that should be delivered via a central
line, if possible, are any medications that are vesicanis. Vesicanis can cause
blistering of the vein. The likelihood of this occurring is lessened if the vesicant
medication is diluted by coming into contact with more blood flow while it is
infused. Central veins are larger vessels with greater flow than smaller vessels.
Therefore, extravasation, which is the term used to define leaking of vesicant
medication into tissues because of infiltration, is less likely to occur whenever a
central line is used. Medications that are vesicanis include many vasopressors
{e.g.. dobutamine [Dobutrex]).

CONTINUOUS DRIP INFUSION

Continuous drip medications typically are admixed to large-volume LV. bags (e.g.,
250, 500, and 1000 mL) and infused al a set hourly rate for several hours, days, or
even indefinitely. In these instances, the LV, administration setup can be either a
primary or o secondary infusion set (e.g., piggybacked onto another primary
infusion set) and may be delivered into a peripheral or central LV, nccess site, The
LV. administration setup that delivers the medication should be attached to an
electronic infusion device, such as o positive-pressure pump, otherwise called an
LV, pump. Figure 11-2 shows an example of a positive-pressure LY. pump. These
pumps and primary and secondary infusion sets are described in Chapter 3.
Intravenous pumps reliably ensure that the medication is delivered at its intended
hourly dosage.

Medications are delivered by continuous LV, drip when they must be highly
diluted in solution or when they have a very short half-life and must be delivered in
small doses within short time intervals in order for the medication to maintain
steady state and therapeutic effectiveness.” Examples of 1.V, medications that are
delivered continuously include adrenergic vasopressor agents such as dopamine
{Dobutrex) and vasoconstrictor agents such as nitroprusside (Nipride).
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Figure 112 Positive-pressure infusion pump that features the ability to infuse pipgybacked
secondary medications. (Courtesy of Smith SF Duell DI, Martin BC: Clinical Nursimg Skills:
Basic ro Advanced Skills, Tth ed. Upper Saddle River, NI: Prentice-Hall, 20068:1092.)

CYCLIC INFUSION

Medications that are typically admixed to smaller L'V. bags (e.g., 50, 100, and 250 mL)
and delivered to the LV. access site at preset intervals are considered cyclic or
intermittent 1. V. infusions. In this case, the L.V, bags that contain the medication may
be attached to a secondary infusion set and piggybacked onto the primary LV, line,
either infusing instead of the primary LY. solution or infusing concomitant with the
primary LV, solution. Sometimes cyclic or intermittent LY. medication bags can be
set up to infuse into saline locks or other LV, access ports and are flushed with saline
or heparin solution after the infusion is complete.

Intravenous medications that tend to be delivered cyclically include most anti-
infective agents, including antibiotics such as cefazolin {(Ancef). antifungals such
as amphotericin B (Fungizone), and antivirals such as acyelovir (Zovirax). No
matter what method of delivery is used, the LV, bags that contain medication
(sometimes called LV. piggyback, or IVPB bags) should be attached to an LV,
pump to ensure accurate delivery of the medication over the prescribed time interval.
The LV. pump can be programmed to ensure that the patient receives the dose of
IVPE medication over the recommended time frame. For instance, suppose that a
patient was prescribed to receive the following I'VPB medication:

+ | g cefazolin (Ancef) IVPB g8h
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The pharmacy then prepares an I[VPB bag with the following:

| g cefazolin (Ancef) in 100 mL D,W (i.e., 5% dextrose in water) to infuse
over 3 minutes

Then the 1.V. pump should be programmed to deliver the following:
* 100 mL solution at a rate of 200 mL/h

BOLUS/PUSH INFUSION

Delivery of a medication diluted with a small volume of solution and injected with
a syringe directly into a port on an 1.V, infusion set or a saline lock or other LV,
access port is referred to as a bolus dose or LV, push dose of medication. Medications
delivered by 1V, push are commonly ordered as one-time doses or on an “as needed”
(i.e.. PRN) basis.

Intravenous push medications may be prepared by the manufacturer or by a
pharmacist in ready-to-administer syringes. However, it is not uncommon that the
nurse is responsible for prepaning the medication for L.V, push administration. It is
essential that the nurse follows pharmacy guidelines that specify the volume of the
diluent used to dilute the medication and that specifies the delivery rate. The nurse
may need a watch with a second hand to time the approximate delivery ime of the
LV. push medication. For instance, a medication that is commonly administered
LV. push in the acute-care setting is the loop diuretic furosemide (Lasix), and its
recommended administration rate is no more than 20 mg/min,

If an LV. push medication is administered into an 1V, line that is set up for
continuous flow, the medication compatibility with the LV, line solution must be
verified prior to administration. Likewise, il any medications are admixed to the
primary infusion setup or piggybacked into the primary infusion setup, their
compatibility with the 1.V, push medication must be verified, If the LV. push
medication is incompatible with the solution or any medications being delivered
concomitantly with the LV, administration setup, the line may be flushed with saline
prior to and after administration of the LV, push medication. If the LV. push
medication is administered into a saline lock or LV, access port, these access sites
also must be Aushed with saline after delivery of the LY. push medication and
between dosages of medications.

PATIENT-CONTROLLED INFUSION

Patients may be sble to self-administer their 1.V, medications in the home setting
(see Chapter 14). In addition to this, patients may be able to self-titrate dosages of
analgesic agents to themselves in the acuie-care seiting on an as-needed basis using
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patient-controlled analgesia (PCA) pumps. PCA pumps typically are designed so that
they use prefilled syringes of analgesic agents such as opioids (e.g., morphine sulfate].
They can be programmed so that the patient receives a basal rate of the analgesic
agent, which refers to a certain minimum hourly amount of analgesic solution that the
PCA administers, and a demand rate, which is an “as needed” (Le., PRN) dose that
the patient may receive within a given time limit by pushing a button on the pump.
These devices have a lock-out safety feature, and the dose may be changed only after
a key is inserted into the setup. Figure | -3 shows a PCA pump.

Any patient who is to use a PCA pump must be cognitively and physically
capable of self-administering the analgesic agent. The patient’s record should
contain documentation that assessments were done to confirm this. Baseline pain
assessments also should be done. along with periodic pain reassessments to evaluate
responses to therapy. Prior to initiation of the analgesic therapy, the PCA pump and
syringe should be validated by two health care professionals as containing the right
medication that will be delivered in the right dosage by the right route at the right
time to the right patient. Every time the analgesic syringe is changed. this validation
must be repeated.

Frareary freainlanansa)
1% flio

PEA pump

‘R Iar Gie
‘or PCA Labaing and
anmary line

Figure 11-3 Patient-controlled analpesia (FCA) pump. (Courtesy of Berman A, Snyder 51,
Kozier B, Erb GL: Kozier & Erb's Fundamental's of Nursing, 8th ed. Upper Saddle River.
MI: Prentice-Hall, 2008:121.)
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Adverse Events =

ALLERGIC AND ANAPHYLACTIC REACTIONS

Allergic and anaphylactic reactions can occur because the patient’s immune system
becomes primed to recognize the pharmacologic agent as foreign and forms
immunoglobulin E (IgE) to atiack what is perceived to be a foreign antigen. The
immune response that is mounted in response to the administration of a medication
may be mild or severe and life-threatening. Manifestations of mild allergic
reactions include

* Flushing

» Utrticania (ie., hives)

= liching, panticularly of the palms of the hands and soles of the feet

Allergic reactions may be delayed, and clinical signs and sympioms may not be
exhibited until after the medication has infused. Whenever an allergic reaction to a
medication is suspected. the physician should be notified, and the patient’s clinical
manifestations should be documented in the patient’s record. If the medication is
still infusing, it should be stopped immediately, prior 1o any other intervention. If
another dose of the medication is slated to be administered, that dose should be held
pending the physician's goidelines. The physician may order a dose of
diphenhydramine (Benadryl), which may be administered orally or parenterally, to
mitigate the allergic response,

An anaphylactic reaction is more severe than on allergic reaction and can progress
to anaphylactic shock and cardiovascular collapse if untreated. In general, the
quicker the onset of symptoms, the worse is the magnitude of the allergic or
anaphylactic response. Manifestations of anaphylaxis include the same signs and
symptoms as those of an allergic reaction with addition of the following:

* Wheezing with respiratory distress followed by siridor and laryngospasms
* Nausea, abdominal pains, severe cramping
= Tachycardia
* Hypotension with narrowed pulse pressure
Whenever anaphylaxis is suspected, the LV. infusion of medication must be

stopped immediately. The physician must be notified immediately. However, the
LV. line must be kept patent so that emergency medications can be infused.
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These emergency medications may include epinephrine, diphenhydramine
(Benadryl), and hydrocortisone (Solu-Cortef). Advanced cardiac life support
{ACLS) guidelines may need to be followed as necessary.

EFFECTS OF INCOMPATIBILITY

Whenever an L.V, medication is infused. the solution that it is mixed with may
not be compatible with the medication. In addition, the LV. line that is chosen to
administer the medication may infuse a second medication that is incompatible
with the first medication. In these instances, incompatibility may cause several
different adverse events. The effects of the medication may be stronger (ie.,
potentiated), the effects of the medication may be weaker (i.e., attenuated), or
the effects of the medication may be nil (i.e., inactivated). In some instances,
mixing a medication with an incompatible solution or with another incompatible
medication may cause a chemical reaction that results in the development of
precipitate in the solution. When this precipitate is administered intravenously,
it can cause venous irritation (i.e., phlebitis) and emboli (see Chapter 6 for a
further discussion of phlebitis and emboli formation and their respective
treatments).

Classes of I.V. Pharmacologic Agents,
Methods of Delivery, and Incompatibilities

5. There are a multitude of medications that may be administered intravenously.
It is not possible for any clinician to memorize each and every possible LV.
medication that might be prescribed for any given patient, its recommended
method of LY. delivery, and its attendant solution and medication incompatibilities.
However, it is possible to identify general classes of drugs and the LV.
administration guidelines for prototype drugs in each of these classes. Prototype
drugs are drugs that belong to a certain class of drugs and have effects that are
representative of the other drugs in the class. Frequently, prototype drugs are the
first drug marketed in a given drug class, but not always. Table 11-1 lists common
classes of drugs that are administered intravenously, their respective prototype
drugs, their recommended methods for LV, administration, and their solution and
drug incompatibilities.
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Table 11-1

Classes of Common LV, Pharmacologic Apents, Methods of Delivery,

and Incompatibilities

Class Prototype Administration Guidelines* Incompatibilitiest
Antihistamines
H,-receptor Diphenhydramine | IVP} May administer undiluted: | Furosemide
antagonist HCl {Bengdryl) administer 23 mg/min
Anti-infectives
Antibiotics
Aminoglycoside Gentomicin sulfate | Cyclic: Mix with 50-200 mL Fat emulsions
(Garamycin) of D)W or N5; infuse over Total parenteral nutrition
30 min-2 b Amphotericin B
Ampicillin
Amthromycin
Cephalosporin
Furosemide
Heparin
f-Lactam Imipenem- Cyclic: Mix with 100 mL D,W Lactated Ringer’s
cilastatin or N5; infuse over 20-30 min Arithromycin
{Primaxin) for each 500 mg medication
infused
Cephalosporing
First generation Cefazolin sodium Cychie: Mix with 100 mL D,W Aminoglycosides
{Ancelh) or NS; infuse over 5 man for Cimetidine
each gram of medication infused
Second generation | Cefoxitn Cyclic: Mix with 50-100 mL Aminoglycosides
(Mefain) D,W or N5: infuse over 15 min
Third generation Cefotaxime Cyeclic: Mix with 50-100 mL Aminoglycosides
sodium (Claforan) | D,W. N5, LR, or DWNS; infuse | godium bicarbonate
over 20-30 mun Vancomycin
Fourth generation | Cefepime Cychic: Mix with 50-100 mL Aminoglycosides
(Muxipime) D,W. N5, or DN5; infuse over Metronidazole
30 min
Clindamycin Clindamycin Cyclic: Mix each 18 mg drug Azithromycin
HCl {Cleocm) with o minimum of | mL D,W, Ciprofloxacin

NE, or D,WaNS: infuse not to
exceed 30 mg/min

{Continued)
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Table 11-1 {Continued)
Class Prototype Administration Guidelines® Incompatihilities?
Macrolides Azithromycin Cyolic: Mix with 250-300 mL Cefotaxime
Azalides (Zithromax ) D,W, b2 NS, or D,NS; infuse Ciprofloxacin
over ot least 60 min Furosemide
Gentamycin
Imipenem—cilastin
Morphine
Peniciliins
Aminopemicillin Ampicillin Cyclic: Mix with ot least 50 ml. | Dextrose solutions
[Ampicen) NS, ba NS, or LR; infuse overat
least 15 min
Antipsendomonzl | Piperscillin Cyclic: Mix with ot least Aminoglycosides
penicillin 50-100 mL DLW or N5; Amphotericin B
infuse over 30 min
Extendedspec- Ticarcillin (Tiear) | Cyolic: Mix with at least Aminoglycosides

trum penicillin

Matural penicillin

Quinclones

Penicillin G
priassiwm

Ciprofloxacin HCI
(Cipro)

S50~ 1080 mL D!_W or M5;
infuse over 30-120 min

Cyolic: Mix with o1 least
100 mL D,W or NS; infuse over
at least 60 min

Cyclic: Mix with 100-250 mL
DW or NS; infuse over 60 min

Amphotericin B
Tetracyclines
Vancomycin
Diextran

Fat emulsions
Amphotenicin B
Chlorpromazine
Dopamine
Metoclopramide
Sodium bicarbonate
Tetracyclines
Ampacillin
Agithromycin
Cefepime
Clindamycin
Furcsemide
Heparin

Phenytoin

Sodium bicarbonate
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Table 11-1  (Continued)
Class Prototype Administration Guidelines* Incompatibilities?
Tetracyeline Doxyeycline Cyclic: Mix with ot least Barbiturates
(Wibramycin) 100 mL D)W, NS, LR, or LLR; | Penicillins
infuse over at least 60 min
Vancomycin Vancomycin Cyclic: Mix with at least Albumin
(Vancocin} 200 mL D,W, NS, or LR: Burbiturates
infuse over ot least 60 min Cefepime
Cefotaxime
Cefoxitin
Heparin
COmeprazole
Sodium bicarbonate
Ticarcillin
Antifungal Amphotericin B Cyclic: Recommended Saline
(Fungizone) preparation with solution; Total perenteral nuirition
infusion time varizhle Any other drugs
Antiprotozoal Metronidazole Cyclic: Most frequently Total parenteral nutrition
(Flagyly supplied in premixed LV, Amphotericin B
bagshags that contain 5 mEqg N
sodium bicurbonate/S00 mg Py
metronidazole; infuse
over £ min
Antiviral Acyclovir Cyeclic: Mix with D,W, NS, Bucteriostatic water
(Fovirx) or LR to yield 5 mg/mL; Albumin
infuse aver 60 min Hespan
Total parenteral nutrition
Dopamine
Autonomic nervous system agents
Adrenergic agonisis
C-Adrenergic Methowamine HCl | I'VP: May administer Sodium bicarbonate
agomist (Vasoxyl) undifuted; sdminister 5 mg/min
Continnous: Mix 20 mg in
250 mL D,W; titrate to mainiain
systolic BP = 60 mm Hg
This drug is a vesicant;
therefore, admintster in
a central LV. line, if possible

{Conmtinued)
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Table 11-1 {(Continued)

Class Prototype Administration Guidelines* Incompatibilities ¢
- & f-Adrenerzic | Epinephrine IVP: Caution: be certain to Ampicillin
nEonist use 110,000 strength, which Sodium bicarbonate

doses 0.1 mg epinephnine in

I mL: an alternate strength of
121000 strength is gva lable,
which doses 1.0 mg epinephrine
in | mL solution; this is most
freqguently administersd during
ACLS protocols and may be
gven as o quick. nontimed
holus dose

Continuous: Mix 121000
strength in 250-500 mL D,W;
begin ot 1 pgimin; btrate s
indicated up to 10 pgfmin
B-Adrenergic Isoprotereno] HCI I'VP: Mix | mL of 1:5000 Sodium bicarbonate
agomist {Tsuprel) strength with 9 mL D,W or
NS 1o yield E:50,000 strength,
or (L02 me/mL: administer
0.02 mgfmin

Continuous: Mix 10 mL of
1:5000 strength in 500 mL
D,W; begin with bolus of
0.02-0.06 mg, followed by

5 pz/min infusion

Selective Diopamine Continuous: Mix 200 mg in 2530 Acyclovir
p-adrenergic {Dobatrex or 300 mL of D,W, NS, D,NS, Amphotericin B
sEomist DLVENS, or DLLER (o yield 800 o Ampicillin

400 pg/mL., respectively; begin i ;
inl'u_ul'-!ﬁlrn al? pﬁpfg.-'min]: t?::f:: e PI:I.'I:!I:‘II[I.I'.I.G potassium
to 5 pg/kg/min for renal effects; Sedium bicarbonate
begin infusion at 2-5 pefkg/min;
titrate up ko 10 pefkafmn for
vasopressor effects

This drug 15 a vesicant:
therefore. administer in

u central LV, line. if possible.
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Table 11-1 (Confinued)

Class

Prototype

Administration Guidelines™®

Incompatibilitiest

Adrenergic
anlagonisis
- Antagonist

B-Antagonist

Labetalol
(Mormodyne)

Propranolol HCI
{Inderal)

IVP: May sdminister undifuted;
sdminister 20 mg/2 min;
Continuous: Mix in 250 mL
DLW, NS, LR, or ILNS to yield
1 mg/mL solution; administer ot
2 mg/min

IVP: May adminster undiluted;
sdminister | mgfmin

Cyelic: Mix prescribed dose

in 50 mL N8; infuse over
1520y min

Furosemide
Heparin
Sodwm bicarbonate

Amphotericin B

Chifinergics
Cholinesternse
nfubitor

Meostipmine
(Prostigmin)

IVP: May administer undiluied;
sdminister 0.5 mg/min

Mone of note

Benzodiazepine
aniagonist

Blood formers, coagu

lants, and anticoagula

Flumazemnil
{Mazicon)

IVP: May administer undifuted;
administer 0.2 mg/15 5

Mone of note

Antieoagulans

Direct thrombin
mhibitor

Heparin sodium

Lepirudin
(Refudan)

Continuous: Mix with
S000-20.000 units hepann to
250-1000 mL OyW, N5, or LR
to desired concentration: infuse
Inading dose of hydroconisone
approximately S000 units
followed by maintenance

dose based on kg weight and
anticoagulation effectiveness
noted on aPTT

IVF: Reconstitute as directed by
manufscturer with D.W, NS_or
sterile water to yield 5 mg/mL;
reconstituted solution remains
stable for only 24 h: sdminister
0.4 mgfkg 05 bolus over 15-205
Continuous: Mix 100 mg in
250-500 mL D,W or N5,

begin at 015 mpfkgth: tirate

t gchieve anticoagulane
effectrveness as noted on aPTT

Chlorpromazine
Diazepam
Doxyeycline
Gentamycin
Hydrocomnisone
Morphine
Mitroglycerin
Phenytoin
Vancomycin

Mone of note

(Comtinued )
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Table 11-1 (Continued)
Class Prototype Administration Guidelines* Incompatibilities
Anrtiplatele! agents
Glycoprotein Thy Abciximab IVP: Moy administer undiluted; Any other drugs
[1la inhibator admimster 0.5 mg/kg over 5 min
15 bolus dose
Continuwous: Mix 4.5 mL
(9.0 mg) into 250 mL of D,W
or N5; infuse after bolus ata
rate not to exceed 10 pg/min
{i.e.. 17 mL/M)
Hematapaoietic Epoetin alfa VP Moy administer undiluted; Any other drugs
growith faoctor {Procrit) administer full dose over | min
Hemosiatic Aminocaproic ackd | Contineous: Dilute each grom Mone of note
{Amcar) with 50 mL D,W, NS, or LR;
infuse bolus of 5 g in 250 mL
over first hour, followed by 1 g
in 50 mLsh as indicated
Thrombaiytic Alteplose Reconstitute 50- or 100-mg Diopamine
{Activase) single-use vials per Heparin
manufacturer’s mstrechons Nitroglycerin
with nitroglycerin diluent Any ud;.:r g

supplied by manufacturer

For acute coronary syrdmme:
IVP: Give 6109 of ial dose
15 bolus over 1-2 min
Continsous: Afier IVP bolus 1s
ndministered, infuse remainder
of 60% tal dose within first
hour of treatment: divide
remaining 40% of total dose;
infuse over 2 h

For pulmonary embolism:
Continuous: Infuse dose over 2 h
For isclemic cerebrovascular
accident: IWP: Administer 5-mg
bolus over | min

Continuous: After bolus, infuse
0.75mekgover 1h
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Table 11-1  { Conrinred)

Class | Prototype Administration Guidelines® Incompatibilities?
Cardiovascular agents
Antiarriythimic
agents
Class 1A Procainamide HCl | IVP: Mix 100 mg in 5-10 mL Inamrinone
(Pronestyl) D,W or stenle water: administer
20 mg/min
Continuous: Mix [ g in
250-500 mL DLW to yield 4
or 2 mg/mL., respectively: infuse
after bolus at 26 mefmin
Class 1B Lidocaine HCl VP May administer undifuied; Amphotericin B
sdminister 50 mg/min Amgpicillin
Continoous: Mix | g in Cefazolin
250-500 mL D,W to yield 4 Phenvtoin
or 2 mg/mL., respectively: infuse o
after bolus ot 1-4 mzfmin
Class IT Propanodal HCL Spe cOVErage in previous section
under Autonomic Mervous
Syslem Agents: Adrenergic
Antagonists: f-antagonist
Class 111 Amiodarone HCI Continuous: Loading dose: Cefazolin
Mix 150 mg with 100 mL Digoxin
D,w; |nf|.1?i: this loading dose Heparin
over 10 min ; o
A ) Imipenem—cilastin
Second infusion: Mix 960 mg Magncsinm it
with 500 mL D,W; infuse P
1 mg/min over first & hours; N.:Impn.as\?:d.c
then drop rate to (.3 mg/min Piperacillin
over next 18 h Sodium bicarbonate

Maintenance infusion: May mix
same solution as for second
infusion: mfuse st 0.5 mg/min
This drug 1= a vesicani;
therefore, admingster in o central
LY. line, if possible

{Continued)
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Table 11-1  {Continued)
Class Prototype Administration Guidelines® Incompatibilities?
Caiciwm channel Verapamil (Calan) | IVP: May administer undiluted: | Albumin
anlggenists admimister 5—10 mg over Amphotericin B
% S Ampicillin
Hydraluzine
Soedium bicarbonate
Carndiar plycoside Digoxin (Lanoxing | IWF: May administer undiluted: | Amicdorone
sdmimisier exch dose over at
least 5 min
Cenlral-ucting Methyldopa Cyclic: Mix in 100200 mL Fat emulsions
antifiypentensive (Abdomet) DLW o vield 10 mp/mi; Amphotericin B
infuse over 30—60 min Verapamil
frotropic ageni Inamnnone lactate | IVP: Moy administer undiloted; Dextrose solutions
(Inocor) ndminister ]_u‘.u:ling dose Furosemide
oo 2 uin Sodium bcarbonate

Continuous: Mix 300 mg

in 6 mL solutson with an
sdditional 60 mL NS or b2 NS
to yield 2.5 mg/mL: infuse after
loading dose 15 sdministened at
rate of 2.5-10.0 ppig/min

Nitrate vasodilator

Mitroglycerin

Continuous: Maoy administer

Use only glass bottles

{Mitrostat) in premived botiles; may mix and special whing s drug
to varnable concentration, of becomes unstoble when in
25-500 pe/ml; infuse with contact with plastic
starting dose of 5 pg/min: titrate Alteplase
to effectivencss Hydralizine
Phenytoin
Nornitraie Hydralazine HC| IVP: Moy administer undiluted: Ampicillin
varsadilitior (Apresoling) ndminister 10 mgfmin Hydracortisone
Mitroglycerin
Phenobarbital

Werapamil
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Table 11-1  (Conrfmued)
Class | Prototype Administration Guidelines™ Incompatibilities*
Central nervous system agents
Analgesics
Opioids Marphine sulfate IVP: Mix 2-10 mg in ot least Amphotericin B
5 mL sterile water; admimster Azithromyein
single doses over 4-5 min Ctﬁ:pimn:-
Heparin
Phenobarbital
Phenytoin
Sodium bicarbonate
Opioid agonist- Pentazocine HC| IVP: May adminster undiluted; Barbiturates
saniagomnists {Talwin) sdminister 5 mgfmin Heparin
Sodium bicarbonate
Opioid antagonist | Noloxone HCL IVP: May adminster undiluted; Amphotericin B
{Marcan} sdminister 0.4 mg/10-15 seconds
Anticomd stz
Barbiturate Phenobarbatal IVP: Mix dose with 10 mL Albumin
{Luminaly sterile water; administer Tostal parenteral nutrition

Central Nervous
system depressant

GILITME amino
batyric acid
(GABA) inhibitor

Magnesium sulfate

Valproic
pcid sodium
(Valproate)

i mg/min

IVP: May give undifuted

if concentration 1s < 206%;
administer 150 mg/min
Contmuous: Mix 4 G in 250 mL
D, W infuse over 4 h

Cyelic: Mix dose in at least
50 mL D,W, N5, or LR;
sdminister over at least 60 min

Amphotericin B
Chiorpromazine
Hydralazine
Hydroconisone
Insulin
Morphine
Tetracvelines
Vancomycin

Fat emulsions
Amiodarone
Amphotericin B
Cefepime
Sodwm bicarbonate

Mone of note

(Continued)
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Table 11-1  {Continued)
Class Prototype Administration Guidelines® Incompatibilities?
Hydantoin Fhenytoin IVF: Moy administer undiluted: Diextrose solutions
(Dilanting admimister 25-50 mg/min Total parenteral nutrition
Amphotericin B
Ciprofloxacin
Clindamycin
Insulin
Lidocaine
Maorphine
Mitroglycerin
Potassium chlorde
Anxiolyticy
Benzodiazrepine Dhiazepum I'VP: May administer undiluted: | Furosemide
(Walinm) admimster 5 mg/min Heparin
Morphine
Potassium chlorde
Antipsychotics
Fhenothiazine Chlorpromazine IVP: Mix 25 mg with 24 mL X5 | Aminophylline B
[Thorazine) to yield | mg/mL: administer Ampicillin
I mgfmin Cefepime
Continuous: Mix 25 mg with Cimetidine
1 maximum of 1800 mL NS: .
; 2 Furosemide
infuse at 1 maximum dose of :
I mgfmin Heparin
Penicillin G
Phenobarbital
Electrolyte and fluid balance agents
Acidifying agent Ammonium Cyclic: Mix 20-mL vial in Sodium bicarbonate
chlonde 500 mL M5; infuse at no more

than 5 mL/min
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Table 11-1  { Conrinred)

Class

Prototype

Administration Guidelines™

Incompatibilities?

Alkalinizing agent

Sodium
bicarbonatie

IVP: May ndminister undiluted:

pdminister IVP per ACLS
proteols in nontimed bolus
Continuous: Muy mix

50 mEq/30 mL in 1000 mL
D,W, NS, D,1aNS, or D,NS;
infuse no more than 50 mEqg/h
over no more than & h before
patient’s acid—hase status is
reevilunted

Fat emulsions

Lactated Ringer's (LR)
Ammonium hydrochloride
Calciom gleconate
Cefotaxime
Chlorpromazine
Dopamine
Imipenem—cilastin
Insulin

Isoproterenol
Lahetalol

Magnesium sulfute
Metoclopramide
Morphine

Penicillin G potassium
Pentazocine
Phenobarbital

Vancomycin

Diureticy

Loog

Furosemide
(Lasix)

VP May administer undifuied;

sdminister at 20 mg/min

Total parenteral nutrition
Azithromycin
Chlorpromazine
Ciprofloxacin
Diazepam
phenhydramine
Dopamine
Gentamicin
Hydralazine
Isoproterenol
Labetalol
Metoclopramide
horphine
Cmadonsetron
Prochlorperazine

Osmotic

Manmnitol
{Dsmitrol )

IVP: May administer undiluted:

sdminister over 30-90 min

Cefepime
Imipenem—cilastin
Potassium chloride

{Comtinned)
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(Continued)

Class

Prototype

Administration Guidelines®

Incompatibilities

Replacement
solutions

Calcium

Polossium

Caleium gluconate

Potzssium chlonde

VP My administer undiluted;
administer 10% strength ot

0.5 mLSmin

Continuous: Mix 10% dosc in
1000 mL NS5; infuse af rate not
to exceed 200 mg/min

This drug 15 a vesicant:
therefore, administer in a central

LY. line, if possible

Caufion: Do ot sdmimster [VP
Continuous: Mix in
concentration oot o cxceed

80 mEg/L for sdministration
through central LV lines, and

in concentrabions nol o exceed
40 mEg/L for administration
through peripheral LY. lines;

infuse at rate not 1o exceed

10 mEgh

Amphotenicin B
Metoclopramide

Amphotericin B
Digzepam
Phenyloin

Castrointestinal agen

ks

Antiemetics

Prochlorperazine
(Compazine)

IVP: Mix 5 mg in I mL
selution with 4 mL NS;
administer 5 mg/min
Cyclic: Mix 5-10 mg with
50100 mL D)W or N5
infuse over 15-30 min

Amphotenicin B
Ampicillin

Calcium gluconate
Cefepime
Furcsemide
Hydrocortisone
Morphine
Phenobarbital
Sodivm bicarbonate
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Table 11-1

{ Comntineeed)

Class

Prototype

Administration Guidelines®

Incompatibilities

5-HT, antagonist

Ondansetron HCL

IVP: May administer

Total parenteral nutrition

infusion rate vanable

{Zofran) undiluted; administer dose Acyclovir
over at least 30 s Amphotericin B
Cyclic: May mix with 50 mL Ampicillin
Dw or NS and infuse over Eefepima
15 min |
Furosemide
Piperacillin
Antisecrelory Cimetidine IVP: Mix 300 mg in 18 mL Amphotericin B
(Tagamet) D, W or N5; sdminister over Cefazolin
at least 5 min Cefepime
Cychic: Mix 300 mg i Chlorpromazine
50 mL D)W or NS; infuse
over 15-20 min
Continyous: Mix 300 mg in
1000 mL crystalloid solution:
infuse over 24 h
Prokinetic Metoclopramide IVP: May administer undiluted Amphotericin B
HCl (Reglan) dosages =10 mg: administer Ampicillin
over 1-2 min Calciom gleconmte
Cyclic: Mix with 50 mL D,W Cefepime
or M5; infuse over 15 min ;
Furosemide
Penicillin G potassium
Sodm bicarbonate
Tetracyclines
Hormones
Antidiabetic Insulin, regular VP May administer undifuted; Phenobarbital
sdminister 50 units/min FPhenytoin
Contenuous: Mix 10 onits in Sodium bicarbonate
100 mL N5; infusion
rate variable
Antidinretic Vasopressin Continuous: May mix with D)W | Mone of note
(Pitressin or NS to yield 0.1-1.0 units/mL:

{Continued)
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Table 11-1 { Continued)

Class Prototy pe Administration Guidelines® Incompatibilities
Corficosteroids Hydrocorisone I'VP: Moy administer undiluted: Ampicillin

sodium succinate ndminister dose over | min Chlorpromazine
(Solu-cortel} Cyclic: May mix dose with
50-100 mL D)W or N5; infuse :
over 10 min AUzt
Diphenhydmmine

Furcscmide

Ciprofloacin

Heparin
Hydralazine
Lidocaine
Magnesium sulfate
Phenobarhital
Phenytoin
Prochlorperazine
Vancomycin

Ooytecic Creytocin (Pitocin | Continuous: Mix 10 units Prochlorperazine
in 1000 mL DyW or NS

Tu induce labor: Begin infusion
ut | mUifmin; titrate as needed
For postpartum bleeding: Infuse
ut 2040 mU/min

*Dosage guidelines penerally pertain to adolts

1This list of incompaltibilities is moninchusive. It contains only common solutions and incompatibilities with other prototype
drugs listed on this tahle.

HIVP refers o intravenous push

Summary

The same principles that guide safe and effective administration of all medications
guide administration of L.V, medications. That is, the right patient must receive the
right dose of the right medication by the right route at the right time. The nurse must
be cognizant of basic principles that guide effective and safe delivery of LV.
medications and must be competent in operating a variety of L'V, delivery systems
to administer 1.V, medications effectively.
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Quiz
1. Which of the following is an indication for administering a medication by
the LV. route?

{a) A patient would prefer to not swallow a medication

{b) Quick drug action can be ensured only by adminisiering the medication
intravenously

{c) The medication to be delivered has a long half-life
id) The required medication is effective when it is given intravenously

2. Which of the following is nof a guiding principle for administration of LV.
pharmacologic agents?
{a) Only medications approved by the FDA for LV. use should be given
intravenously

{b) Medications maintain their stubility long after their expiration date and
still may be given intravenously

{c) Medications that must be reconstituted should be withdrawn from their
vials with a filtered needle

(d) Intravenous medications should be administered with needleless
delivery devices

3. All but which of the following must be included on 1.V. bags with admixed
medications?

{a) The patient's name

(b} The patient's room number
{c) The name of the medication
{d) The dose of the medication

4. Intravenous medications that should be delivered via a central line if at all
possible are those that cause

{a) extravasation.
(b) potentiation.
(c) attenuation.

(d) mmactivation.
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A patient is slated to receive a dose of an IVPBE antibiotic over 60 minutes.
The medication is admixed to a 100-mL bag. The LV. pump is correctly set
to infuse 100 mL of solution at what rate of infusion?

{a) 50 mL/h
(b} 100 mL/h
(c) 150 mL/h
(d) 200 mL/h

Which of the following patients is eligible to use a PCA pump?

(a) An infant who is postoperative for repair of a cleft palate

(b} A 40-year-old patient with quadriplegia who is postoperative for
debridement of a pressure ulcer

(c) An 80-year-old patient with advanced dementia who is hospitalized for
SEVETE Sepsis

(d} A cognitively intact and otherwise healthy 30-year-old man who is
postoperative after donating a kidney to his brother

The nurse begins to administer an IVPB dose of penicillin G when the
patient suddenly complains of dyspnea and itching of the palms of the
hands. The nurse’s best first action is to

{a) stop the infusion.
(b} call the physician.
(¢} disconnect the LY. administration setup and venous access.

(d} verify the patient’s allergies.

When a medication is administered intravenously with an incompatible
solution and its effects then becomes stronger, its pharmacologic effects
are said to be

(a) extravasated.
(b} potentiated.
(c) attenuated.
(d) inactivated.



CHAPTER 12

Intravenous Therapy and
Infants and Children

Learning Objectives

After completing this chapter, the learner will
1. Identify developmental stages in infants and children,

2.  Describe differences in intravenous (LV.) delivery systems and LV. access
devices that are indicated for use in infants and children from those indicated

for use in adults.

3% Recognize basic competencies that must be mastered by nurses who
administer 1.V, therapy to infants and children.

Caopyright & 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.



0 12 1.V. Therapy Demystified

& Identify alternate infusion access sites that might be wsed in infants and
children.

5. Discuss guidelines for administration of LY. crystalloids, blood components,
parenteral nutrients, and medications in infants and children.

Infancy School-aged
Toddler Adolescence
Preschool Intraosseous

Indications for Intravenous (I.V.)
Therapy in Infants and Children

The indications for LY. therapy in infants and children are the same as the indications
for LY. therapy in adults. That is, I.V. therapy is indicated to achieve or maintain
fluid and electrolyte balance, replace or supplement needed blood components,
provide nutrients, and administer medications. Among children, some of the most
common reasons to initiate 1LV, therapy are to correct dehydration that occurs most
commonly from gastroenteritis and to administer LV, antibiotics. "

1. Specific guidelines for treating infants and children vary considerably based
on developmental stage. These developmental stages include the following:

+ Infancy: birth to 12 months and 3-6 kg weight

+ Toddler: 1-2 years and 6-12 kg weight

* Preschool: 46 years and 12-15 kg weight

+ School-aged: 6—12 years and 16-35 kg weight

* Adolescence: 13-19 years and =35 kg weight

Whenever relevant, differences in treatment of infants and children based on

developmental stage will be addressed throughout this chapter. This chapter will
provide a cursory overview of some of the basic principles for administering LV,
therapy in infants and children. The reader is encouraged to review additional

sources of information to find more specific and comprehensive content on LV.
therapy and infants and children.
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Selecting I.V. Therapy Delivery
Systems for Infants and Children

INFUSION SETS

2. Intravenous line sets that are used in infants and children are similar to those
used in adults. Adolescents who are similar in size to adults (e.g., 245 kg) typically
use the same types of LV. line sets that are used in adults. Infants, younger children,
and smaller-sized adolescents cannot tolerate the larger volumes of fluids, blood
components, nutrents, and medications that are indicated in adults, and the LV,
administration sets therefore must be capable of delivering lesser amounts of solution.
Sometimes, smaller LV, containers (i.e., LV. bottles and bags) are hung. In most
instances, either the primary infusion set uses a minidrop drip chamber, or the L'V,
bag drips into a volume-limited chamber that also has a minidrop drip chamber.

Most minidrop infusion sets, sometimes called pediatric infusion sets, deliver
5060 drops/mL of solution rather than the conventional or macrodrop primary
infusion sets that deliver 10-20 drops/mL of solution. Minidrop infusion sets can
be distinguished visually from macrodrop infusion sets because there is a dnp
needle in the center of the drip chamber of the minidrop set that delivers smaller
drops than can be delivered with a macrodrip chamber. Figure 12-1 shows a
commonly used microdrop infusion set.

Sreep Bump

Minidrop infusion sets can be distinguished visually from macredrop infusion
sets because there is a drip needle in the center of the drip chamber of the
minidrop set that delivers than can be delivered with a
macrodrip chamber.

Volume-limited chambers also can be used to ensure delivery of small quantities
of fluid. These are designed with a typical spike to access the LV, bag. The desired
amount of fluid then is infused into the volume chamber, also referred to as the
burette chamber, which then is titrated at the desired rate by a microdrop drip
chamber. Most volume chambers are limited in size to contain no more than
150 mL of fluid. There are access ports on these volume chambers that can be used
to add medications that might need to be diluted with solution and infused on a
cyclic basis, including most LV, antibiotics. Figure 12-2 shows a commonly used
volume-limited chamber infusion set.
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Figure 12-1 Frimary minidrop [.V. administration setup. {Courtesy of B. Braun,
Products Catalog, 2005.)
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Flgure 12-2  Primary minidrop LY. administration setup with 150-mL burette chamber.
{Courtesy of B. Braun, Products Catalog, 2005.)

ELECTRONIC INFUSION DEVICES

Most infants and children should receive LV, therapy by electronic infusion devices,
otherwise called L.V pumps. Many brands of 1.V, pumps used for adulis also can be
used to deliver 1Y, fluids to infants and children because they can be programmed
to deliver small volumes of Auid reliably and accurately. However, when infants
and children require the delivery of very small dosages of fluids, including LV.
medications, these small dosages may be delivered most relinbly and accurately by
a pump that exerts positive pressure on a syringe rather than an LV. bag. These
types of special electronic infusion devices are called syringe pumps. Many syringe
pumps can accommodate syringes that range in size from 1-30 mL.* Figure 12-3
shows a commonly used synnge pump.
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Figure 12-3 Syringe pump. {(From Berman A, Snyder 51, Kozier B. Courtesy Erb GL.
Fundamentals of Nursing, 8th ed. Upper Saddle River, NI: Prentice-Hall. 2008, p 881.)

Patient Preparation

Prior to initiating 1.V, therapy. the nurse must verify that an appropriate prescriptive
order has been written by a physician or other advanced-practice clinician recognized
by the respective state board of nursing as having the authority to prescribe this
type of interventional therapy. Authorized advanced-practice clinicians may include
nurse practitioners, nurse midwives, nurse anesthetists, or physician assistants. In
general, those preparatory guidelines outlined in Chapters 4 and 5 as appropriate
for adult patients who are slated to begin L'V. therapy by either peripheral or central
LV. access routes are also appropriate for infants and children.®
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Informed consent should be obiained from the infani’s or the child's legal
representative prior to initiating LV, therapy. Whenever possible, assent also
should be solicited from the school-aged child or adolescent who is scheduled to

begin LV. therapy.*

Sreep Bomr

Informed consent should be obtained from the infant’s or child’s legal representative
prior to initiating 1.V. therapy. Whenever possible, also should be
solicited from the school-aged child or adolescent who is scheduled to begin
LY. therapy.

#3 The nurse who is responsible for initiating LV. therapy in infants and
children at a minimum must be

* Comforiable and competent in finding appropriate vascular access routes in
infants and children

* Cognizant of the physiologic and psychological differences nmong infants
and children who represent different developmental stages

* Comfortable and competent in working with LV, therapy equipment tailor-
made for infants and children®

Any child slated to have an LV, access device inserted should have the procedure
explained to him or her in words that are readily understandable, Some pediatrics
experts advocate that preschool-aged and school-aged children feel less helpless
when confronted by unpleasant procedures if they are permitted to see and touch
the equipment in advance. Adolescents tend to nespond better to procedures when
they are permitted to make choices, so giving the ndolescent the option to help
select a reasonable LV, access site might be a good coping strategy. For most
children, it is comforting 1o know where their parenis or caregivers are and when
they can expect to see them again, Some pediatrics experts advocate letting parents
and caregivers stay with children during LV, initiation, believing that it reduces
anxiety on the part of the children as well as the parents and caregivers.”

The Infusion Nursing Standards of Practice (2006) published by the Infusion
Nurses Society advocates that “use of topical anesthetics prior to painful dermal
procedures in children should be encouraged. in addition to use of adjunctive and
less invasive anxiolytic therapies™ (Standard 40, p. 541)." Topical anesthetics that
might be applied to numb the pain from the needle used to gain vascular access
include lidocaine and prilocaine creams (i.e., EMLA cream). The disadvantage to
use of topical creams is that they must be applied for at least | hour before they are
effective. This precludes their usefulness in infants and children who must have

their LV. therapy initisted emergently.
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Peripheral I.V. Therapy

SELECTION OF VASCULAR ACCESS SITES

Selection of peripheral 1.V, access sites in infants and children follows the same
general guidelines noted in Chapter 4 for adults. The same veins that are preferred
access sites in adults are preferred access sites in infants and children. and they are
found in approximately the same anatomic locations. Gaining vascular access may
be more difficult in the infant or child, however. because the veins are smaller and
more fragile.

There are additional peripheral access sites that might be used in the infant and
sometimes the toddler if the dorsal metacarpal, cephalic, basilic, median cephalic,
and median cubital veins cannot be accessed. These veins include the scalp veins and
the feet and ankle veins. When scalp veins are accessed, the tip of the needle should
face downward, toward the infant’s chest.™ Although scalp veins are readily accessible
in infants, their use is most disagreeable to parents, and they may be more prone to
infiltration. Figure 124 shows commonly accessed scalp veins in an infant.
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Figure 12-4 [Infant scalp veins. (Used with permission from Hankins I. Lonsway
RAW. Hedrick C. Perdue MB: The Infusion NMurses Society: Infusion Therapy in Clinical
Practice, 2nd ed. Philadelphia: Saunders, 2001.)
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Prior to selection of an LV, access site, children should receive the same
consideration that adults receive concerning arm dominance. It is important for
children who have developed dominance to be able to continue to manipulate their
world and to play. Play is therapeutic to children, and if an LV, access site is selected
on the dominant arm. the child's ability to play will be hampered.™

SELECTION OF VASCULAR ACCESS DEVICES

Vascular access devices used in adults also can be used in infants and children.
Steel-winged infusion devices and short and midline over-the-needle catheters are
indicated for the same use in infants and children as they are in adults. In general,
the gauges used for children are smaller than those used for adulis and can be as
small as 24- or 26-G catheters or 25- and 27-G butterfly needles. These types of
devices are described in greater detail in Chapier 4.

Central I.V. Therapy

SELECTION OF VASCULAR ACCESS SITES

Selection of central 1.V, access sites in infants and children follows the same general
guidelines noted in Chapter 5 for adults, The same veins that are preferred central
access sites in adults are preferred central access sites in infants and children, and
they are found in approximately the same anatomic locations, As is true with
peripheral LV, therapy, gaining vascular access may be more difficult in the infant
or child, however, because the veins are smaller and more fragile. Additional central
access sites that might be used in o child include the veins of the head and lower
extremities,” including the femoral vein.

SELECTION OF VASCULAR ACCESS DEVICES

Vascular access devices that are appropriate for gaining centrul LV, access in infants
and children are similar to those used in adults but are smaller in size and length.
The diameter of central LV, access devices in infants and children might be referred
to in gauge or sometimes in French sizes (e.g., 20 G is approximately the same as
3 French). Chapter 5 discusses the sizes and characteristics of a number of ceniral
vascular access devices. In general, peripherally inserted central catheters (PICCs)
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have become commonplace devices for safely and efficacy in infusing fluids,
nutrients. and medications in children who require LY. therapy for more than
7 days. ™" In addition, PICCs are useful devices for withdrawing blood specimens
from children who require frequent monitoring of blood results without necessitating
the trauma of repeated venipuncture.®

Alternative Infusion Therapy Delivery Sites «

INTRAOSSEOUS

In emergency situations when it is not possible to gain either peripheral or central
venous access expeditiously, the medullary cavity of the long bones, or the
intraosseous site, may provide a reasonable alternative for delivery of crystalloids
and blood components to infants, toddlers. and preschool children. The first-line
site that should be accessed for this purpose is the anteromedial aspect of the tibia
{Fig. 12-5). Alternate sites might include the distal medial tibia, midanterior distal
femur, iliac crest, and humerus.™ Bones with suspected fractures may not be
accessed for this purpose. Access may be achieved with either specially designed
intraosseous needles or generic straight needles that may vary in size from 16-19 G.
Only clinicians specially trained in this technigque may use this approach to fluid or
blood component resuscitation. Patients should not receive fluids or blood
components by this route for longer than 24 hours.*

UMBILICAL VEINS AND ARTERIES

Newborn infants who experience life-threatening conditions may be candidates
for the insertion of either umbilical venous catheters (UVCs) or umbilical arterial
catheters (UACs). Both these methods of vascular access should be performed
only by neonatologists or neonatal nurse practitioners. Typically, neonates receiving
this kind of L'V. therapy are in neonatal intensive-care units {NICUs). The nurse
caring for necnates requiring this special type of therapy should receive special
education in caring for neonates and training in competent delivery of this special
type of LV. therapy.
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Figure 12-5 Pediatric intraosseus access site, (From Huankins J, Lonsway RAW,
Hedrick C, Perdue MB: The Infusion Nurses Society: Infusion Therapy in Clinical
Practice, 2nd ed. Philadelphia: Saunders, 2001.)

Delivery of I.V. Therapy
in Infants and Children =

CRYSTALLOIDS

Intravenous infusion of crystalloids might be indicated in infants and children who
are dehydrated or who have a disruption in electrolyie balance. In general, infants
and children have a lesser proportion of fluid that comprises their body mass than
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do adults. Therefore, infants and children are more sensitive to losses of fluid than
are adults.

Infants and children who appear to be moderately or severely dehydrated may
need an initial fluid bolus of 20 ml/kg of body weight of lactated Ringer's (LR or
0.9% normal saline (NS), followed by a maintenance infusion of crystalloids
calculated based on body weight. General rules for maintenance infusions following
the fluid bolus include the following:

= If less than 10 kg body weight, then infuse 100 ml/kg over 24 hours.

+ If 11-20 kg body weight, then infuse 1000 mL plus 50 mL/kg over 24 hours
for each kilogram over 10 kg body weight.

= If 21-30 kg body weight, then infuse 1500 mL plus 20 mL/kg over 24 hours
for each kilogram over 20 kg body weight.

The choice of the crystalloid for infusion depends on whether the child is
suffering from isotonic, hypertonic, or hypotonic dehydration and the relative status
of key serum electrolytes. Chapter 2 provides an overview of isotonic, hypertonic,
and hypotonic states. After the maintenance infusion rate is calculated, dehydrated
children’s total fluid requirements then are further stratified based on whether they
are mildly, moderately, or severely dehydrated. The final calculated fluid replacement
needs for the next 24 hours is based on the following formula:

+ [f the child is mildly dehydrated, then fluid replacement needs include the
calculated maintenance rate plus an additional one-half of the maintenance
rate.

+ If the child is moderately dehydrated, then the fluid replacement needs are
twice the calculated maintenance rate.

= If the child is severely dehydrated, then the fluid replacement needs are fwice
the maintenance rate plus an additional one-half of the maintenance rate.

The child's response to crystalloid replacement should be monitored by assessing
the child’s intake and output. Inm particular, normal wrine output should be
approximately | mL/kg per hour. If the child is oliguric, then the child still may be
dehydrated. Likewise, a urine specific gravity in excess of 1.030 may suggest
dehydration. Daily weights should be assessed as a measure of fluid balance rather
than loss or gain of lean body mass. A sudden gain or loss of weight in a dehydrated
child is related most commonly o fluid gains or losses.™
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BLOOD COMPONENTS

The same indications for delivery of blood components in adults that were outlined
in Chapter 9 are indications for transfusion of various blood components in infants
and children. Because of their smaller size, however, infants and children are most
likely to receive split packs of blood components. Use of split packs means that
children will receive only specified milliliters of blood components rather than full
units. Furthermore, because infants and children tend to have immature immune
systems compared with adults, they are more likely to receive split packs of modified
packed red blood cells (PRBCs) than their adult counterparts.™ These modified
PRBCs may be irradiated, washed, leukocyte-reduced, or specially screened for
cytomegalovirus (CMV). Descriptions of methods to modify PRBCs and their
respective specific indications were noted in Chapter 9.

PARENTERAL NUTRITION

The methods to deliver parenteral nutrients to infants and children are very similar
to those discussed for adults in Chapter 10, In general, infants and children have
higher metabolic demands than adults and hence have heightened nutritional
requirements. Because of this, peripheral parenteral nutrition (PPN} is indicated for
use in infants and children only rarely.™

MEDICATION

The methods advocated to deliver [.V. medications to infants and children mirror
those in adults, with the obvious additional caveat that infants and children require
smaller dosages of medications and solutions. Chapter | | presents general guidelines
for the delivery of L'V. medications.

Summary

There are important physiologic and psychological differences that characterize the
different stages of development among infants and children. The nurse who cares
for infants and children for whom LV, therapy is prescribed must master basic
minimal competencies im the care of infants and children. This chapter specifies
some key differences between the developmental stage of infants and children and
among infants, children, and adults that affect the delivery of LY. therapy. However,
it is beyond the scope of this book to provide comprehensive pediatric-specific
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LV. therapy guidelines. Nurses who care for infants and children are encouraged
to find supplemental pediatric-specific LV, therapy resources that can guide

their practice.

Quiz

L.

A child who is 5 years of age and who weighs 14 kg is considered to belong
to which developmental stage?

(a) Infancy

(b} Toddler

(c) Preschool
{d} School-aged

Infusion sets indicated for use among infants and children are characterized
by which of the following?

(a) Lack of a spike to access the LY. container
(b} A minidrop chamber that produces 50-60 drops/mL
{c) Large-volume delivery chambers

{d} Intravenous pumps that are programmed to deliver large volumes

Minimum competencies that must be mastered by the nurse who delivers
LV. therapy to infants and children include all but which of the following?

(a) Competency in finding appropriate vascular access sites in infants and
children

(b} Cognizance of the physiologic differences between infants and children
who represent different developmental stages

(c) Cognirance of the psychological differences between infants and
children who represent different developmental stages

(d} Competence in working with generic LV, therapy equipment

. A key disadvantage to the application of topical anesthetic creams prior to

gaining LV, access is that they
{a) take at least | hour to be effective.

(b} do not work equally effectively with children who represent each
developmental stage.
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(c) are expensive,
(d) are volatile.

- Which of the following statements concerning indications o access scalp

veins for delivering L.V. therapy is frue?

{a) Scalp veins are readily accessible in infants and children who represent
all developmental stages.

(b} When scalp veins are accessed, the tip of the needle should be pointed
downward, towards the patient’s chest.

fc) Scalp veins are less prone to adverse events such as infiltration than
other peripheral veins.

{d) Scalp veins are a first-line choice for gaining peripheral LV. access in
infants,

A child who weights 15 kg and who is mildly dehydrated should receive
how many milliliters of crystalloids during the first 24 hours of LV. therapy?
{a) 1000 mL

(b) 1250 mL

ic) 1875 mL

(d) 2500 mL

Infants and children are more likely to receive modified packs of packed
red blood cells (PRBCs) than adulis because

(n) they are more prone to fluid overload than adults.

(b) they are more prone to electrolyte disturbances than adulls.

(c) they are more prone to fluid shifis than adults.,

(d) they are more prone lo immune-related dysfunction than adulis,



CHAPTER 13

Intravenous Therapy
and the Older Adult

Learning Objectives

After completing this chapter, the learner will
1. ldentify different age groups of older adults.

2h  Describe differences in intravenous (I.V.) delivery systems and LV. access
devices that are indicated for use in older adults from those indicated for use
in younger adults.

3. PRecognize basic competencies that must be mastered by nurses who
administer LV, therapy to older adults.

& ldentify an alternate infusion access site that might be used in older adults.

5. Discuss guidelines for administration of LV. crystalloids, blood components,
parenteral nutrients, and medications in older adults.

Copyright ® 2008 by The McGraw-Hill Companies, Inc. Chick here for terms of use
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'_‘ Key Terms

Older adult Oldest old
Young old Venous sclerosis
Middle old Hypodermoclysis

Indications for Intravenous
(I.V.) Therapy in Older Adults

Indications for LY. therapy in older adults mirror those for other age groups.
Intravenous therapy in older adults is indicated to achieve or maintain fAuid and
electrolyte balance, replace or supplement needed blood components, provide
nutrients, and administer medications. The term older adult generally refers to
those who are 65 vears of age or older,”™ although there is no clear consensus on this
age classification. For instance, traumatologists note that adults 35 years of age and
older generally respond to interventions indicated to treat traumatic injuries in a
different manner than younger adults, and therefore, they tend to classify these
younger-aged adults as older adults.

1. Older adults are sometimes classified based on their age groups. Older
adults may be considered young old if they are between 65 and 74 years of age.
middle old if they are between 75 and 84 years of age, and old old or oldest old if
they are at least 85 years of age.”"" These classifications are not used to guide
specific L'V, therapy initiation or maintenance regimens among different age groups
of older adults. Nonetheless, it is generally acknowledged that it is harder to gain
LV, access and initiate and maintain 1.V, therapy in oldest old adults than in young
old or middle old adults.

Older adults receive LV, therapy more commonly than any other age group. In
the United States, adults 65 years of age and older account for almost half the
hospitalizations as well as almost half of all hospital days, approximately 80 percent
of all home health care visits, and approximately 90 percent of all long-term-care
facility placements.™* Some of the most common reasons to initiate LV, therapy
among older adults are to treat dehydration and correct electrolyte imbalances, to
administer LV, antibiotics, and to administer chemotherapeutic agents.

Sreen Bumr
receive LY. therapy more commonly than any ether age proup.
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This chapter provides a cursory overview of some of the basic principles of
administering LV. therapy in older adults. The reader is encouraged to review
additional sources of information to find more specific and comprehensive content
on IV, therapy and older adults.

Selecting I.V. Therapy Delivery
Systems for Older Adults -

INFUSION SETS

Intravenous line sets used in older adults tend to be the same as those used in other
age groups. Some frail older adults may not be able to tolerate the same volumes of
fluids, blocd components, nutrients, and medications that are indicated in other.
healthier adults. In particular, older adults with a known history of heart or renal
failure may require lower rates of infusion or may suffer fAuid overload. In these
cases, the LV, administration sets must be capable of delivering lesser amounts of
solution. Sometimes smaller LY. containers (i.e.. LV, bottles and bags) are hung. In
other instances, the primary infusion set selected may be the same set used in
pediatric patients, that is, a minidrop infusion set or an LV. set with a volume-
limited chamber.”™ These infusion sets are described in Chapter 12.

ELECTRONIC INFUSION DEVICES

All older adults should receive LV, therapy by electronic infusion devices, also
called LY. pumps. Older adults are much more susceptible to the adverse effects of
volume overload than younger adults, even those without a known history of
cardiovascular or renal disease. In general, LV. pumps that are used for delivering
LV, fluids to younger adults are indicated to deliver LY. fluids to older adults as well
because they can be programmed to deliver small volumes of fluid reliably and
accurately. Chapter 3 provides a description of LV, pumps.

Patient Preparation

Prior to initiating 1. V. therapy. the nurse must verify that an appropriate prescriptive
order has been written by a physician or other advanced-practice clinician
recognized by the respective state board of nursing as having the authority to
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prescribe this type of interventional therapy. Authorized advanced-practice
clinicians may include nurse practitioners, nurse midwives, nurse anesthetists, or
physician assistants. In general, the preparatory guidelines outlined in Chapters 4
and 5 as appropriate for adult patients who are slated to begin LV, therapy by
either peripheral or central 1.V, access routes are also appropriate for older adults.®
Informed consent should be obtained from the older adult patient prior to initiating
V. therapy.®

#3% The nurse who is responsible for initiating LV, therapy in older adults must
master certain competencies. The nurse should be

+ Comfortable and competent in finding and accessing appropriate vascular
aceess routes in older adults

* Cognizant of the physiologic, sensory, and cognitive differences between
adults and older adults

+ Comfortable and competent in working with LY. therapy and understanding
its interactive effects with multiple other therapies that the older adult may
be receiving®

Peripheral I.V. Therapy

SELECTION OF VASCULAR ACCESS SITES

Selection of peripheral LV, access sites in older adults tends to follow the general
guidelines for younger adults noted in Chapter 4. The same veins that are preferred
access sites in younger adults are preferred access sites in older adults. However,
gaining vascular access may be more difficult in the older adult because the veins
are more fragile, particularly if the older adult has significant comorbid conditions
or represents the oldest old age group.

As older adults continue to age, they progressively lose more skeletal muscle
mass, and the veins become progressively more sclerotic. The loss of muscle mass
in older adults has the effect of making their veins less stable, and they “roll” when
they are accessed by an L.V, needle (i.e., when venipuncture is performed). Venous
sclerosis has the effect of making the veins stiffer and more fragile, which may
result in quicker IV, infiltration than is otherwise typical. In addition, sclerosed
veins tend to have narrower lumens than healthier veins, which further challenges
successful LY. access with a venous access device.



CHAPTER 13 LV. Therapy and the Older Adult = 211

Sreen Bumr
Older adults commonty have veins that are stiffer, more fragile, and with narrower
lumens, a phenomenon called venouws

In older adults who are either oldest old or who have significant comorbidities,
it is frequently advisable to forego trying to access the veins on the dorsum of the
hand. Loss of muscle mass on the hands and venous sclerosis can make access of
these veins particularly challenging. Loss of muscle mass on the forearms also can
make those veins less stable. Placing slight traction on the accessed vein at siles
slightly distal and proximal to the venipuncture site may help to stabilize the vein
and prevent il from rolling. This may be accomplished by using the thumb and
forefinger of the hand used to hold the patient’s forearm to apply a slight amount of
pulling pressure in opposing directions on either end of the vein.

The nurse should carefully palpate any vein that may be a candidate for LV.
access to confirm that the vein feels supple and pliable. Veins that feel stiff and
tortuous might become infiltrated shorily afier access with an LV. needle, before the
catheter can be fully advanced. Eliminating the use of a tourniguet or minimizing
the time that the tourniquet is applied so that the vessel is less engorged with blood
and there is less pressure in the vessel when it is accessed might be an effective
method to ensure successful placement of an LV, access device in an older adulL.™

SELECTION OF VASCULAR ACCESS DEVICES

The same types of vascular access devices used in younger adulis also can be used in
older adults. These include steel-winged infusion devices and short and midline over-
the-needle catheters, which were described in Chapter 4, Older adults generally require
smaller-gauge catheters and needles than are used in their younger-adult counterparts
partly because the lumens of their veins narrow from age-related venous sclerosis.”

Central I.V. Therapy

SELECTION OF VASCULAR ACCESS SITES

Selection of central 1.V. access sites in older adults mirrors that in younger adults
and was described in Chapler 5. As is true with peripheral V. therapy, gaining
vascular access may be more difficult in the older adult. however, because the veins
are more fragile.
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SELECTION OF VASCULAR ACCESS DEVICES

Vascular access devices that are appropriate for gaining central LV, access in older
adults are similar to those used in younger adults but tend to have smaller lumens to
better accommodate the narmower venous lumens of older adults. Chapter 5 discusses
the sizes and characteristics of a number of central vascular access devices.

Alternative Infusion Therapy Delivery Sites =

HYPODERMOCLYSIS

Hypodermoclysis refers to the administration of crystalloids into the subcutaneous
space. This type of infusion therapy is indicated most frequently in frail older adults
who are residents of long-term care facilities and who are suffering from mild or
moderate dehydration. It is sometimes indicated for terminally ill patients with mild
or moderate dehydration who are expected to recover from the effects of dehydration
with the administration of these fluids or for terminally ill patients as a means o
deliver opioids and sedatives.”

Preferred sites for administering fluids by this method are those with adequate
deposits of subcutanecus tissue. Although the most common site used is the lower
abdomen, the thighs and the outer aspect of the upper arms also may be used. Any
type of needle that is no longer than | inch may be used to gain access to the
subcutaneous tissue. The needle is attached to a typical LV. administration setup.
The most common crystalloids administered in this way include 0.9% or 0.45%
saline. Fluid may be delivered at a rate that does not exceed | mL/minute or more
than 3000 mL in 24 hours."* Hypodermoclysis is not associated with some of the
common adverse events associated with LV. therapy, such as fluid overload,
phlebitis, thrombosis, and sepsis, but fluid absorption may be less than optimal with
hypodermoclysis, and access-site edema occurs commonly.

Delivery of I.V. Therapy in Older Adults s

CRYSTALLOIDS

The most common indications for initiating LY. therapy in older adults are to either
treat or prevent a disruption in fluid and electrolytes. In general, the same principles
that generally guide the delivery of crystalloids noted in Chapter 7 guide the infusion
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of crystalloids in older adults. However, older adulis are much more susceptible to
Auid overload than their younger counterparts, even those without a known history
of cardiovascular or renal disease. The general adage in replenishing Auids and
electrolytes in older adults is to “start low and go slow.” That is, initiation of LY.
therapy in older adults generally should commence at a lower rate than in their
younger counterparts, o rate that may be titrated upward gradually as the older adult
demonstrates tolerance of the fluids administered.

The older adult’s response to crystalloid replacement should be monitored by
assessing intake and output. In particular, normal wrine ouiput in an older adult
should be at least 0.5 mL/kg per hour and optimally 1.0 mL/kg per hour. Daily
weights should be assessed as a measure of fluid balance rather than loss or gain of
lean body mass. A sudden gain or loss of weight in an acutely ill older adult is
related most commonly to fluid gains or losses. Assessing the older adult’s baseline
heart and lung sounds prior to initiating L.V, therapy is a good practice. Clinical
signs and symptoms seen after LV, therapy is begun that might indicate fluid
overload include the new presence of

+ Bibasilar crackles

* Productive cough, particularly if the sputum is frothy and pink-tinged
* Dyspnea

= AnS,

* A murmur or increased grade of a previous murmur

= Oliguria

If any of these manifestations of fluid overload are noted, the physician should
be notified. and the worrisome signs and symptoms should be noted in the patient’s
record. The LY. infusion rate likely will be decreased, and the patient might be
treated with LY. diuretics.

BLOOD COMPONENTS

The same indications for delivery of blood components in younger adults that were
outlined in Chapter 9 are indications for iransfusions of blood components in older
adults. Older adults are more likely to manifest volume overload than their younger-
adult counterparts, however. Because of this, older adults may be prescribed split packs
of blood components, which contain fractions of full units. In addition, because more
older adult patients may have received multiple blood transfusions previously, and
because more older adult patients are immunosuppressed because of their higher rates
of sutoimmune disorders and cancers, they are more likely to receive modified packed
red blood cells (PRBCs) than their younger-adult counterparts™ These modified
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PRBCs may be irradiated. washed, leukocyte-reduced, or specially screened for
cytomegalovimus (CMV). Descriptions of methods to modify PRBCs and their
respective specific indications are noted in Chapter 9.

PARENTERAL NUTRITION

The methods to deliver parenteral nutrients to older adults mirror those for younger
adults and were outlined in Chapter 10. In general, older adults are more likely to
be undernourished or malnourished than younger adults™ and are more commonly
candidates for parenteral nutrition therapy.

MEDICATION

The methods advocated to deliver 1Y, medications to older adults are the same as
those advocated to deliver IV, medications to younger adults. However, there are
certain considerations that showld be noted whenever LY. medications are
administered to alder adults. These include that

= Older adult patients are more likely to be prescribed multiple medications.
Adverse interaction effects that occur from administering multiple medications
therefore are more likely to occur in older adult patients than in other patients.

* The older the adult, the lower is the glomerular filtration rate, and the less
effective the kidneys are at excreting by-products of drugs cleared through
the kidneys. Therefore, the effects of drugs and their metabolic by-products
that are normally cleared through the kidneys tend to linger longer in older
adult patients.

* The older the adult, the less effective the liver becomes at metabolizing
drugs. Therefore, the effects of drugs that are normally metabolized
through the liver linger longer in older adult patients.

* The older the adult, the less is the lean skeletal mass, and the serum
albumin level may decrease proportionately. Drugs that normally bind to
albumin may be less bound when administered, and the effects of those
drugs may be greater.

Given each of these caveats, older adults who receive L.V, medications generally
should receive these medications more cautiously than their younger-adult
counterparts.“*** The adage to “start low and go slow” certainly applies to titration
of L'V. medications among older adult patients. It is advisable to consult with
pharmacists whenever older adult patients who either have significant comorbidities
or who are prescribed multiple medications are prescribed LV, medications so that
therapy can be optimally guided.
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Summary

There are important guidelines to the safe and effective delivery of L.V, therapy in
older adults that are different from those in their younger-adult counterparts. Since
older adults represent the age group that is the most common recipient of LV.
therapy, the nurse who cares for older adults must master basic minimal competencies
in delivering LV. therapy to older adults. Nurses who routinely care for older adults

who receive LV. therapy are encouraged to find supplemental gerontology-specific
L.V. therapy resources that can guide their practice.

Quiz
1. The group of older adults who comprise the oldest age group
{e.g.. 285 years of age) are referred to as the
(a) gerontologic sel.
(b) young old.
ic) middle old.
{d) oldest old.

2. A common complication that occurs from administering high volumes
of LY. fluids to older adults is

{a) Auid overload.

ib) dehydration.

ic) delirium.

{d) chronic renal Failure.

3. Veins that should be considered first for peripheral LV, access in older
adults include

{a) veins of the dorsum of the hand.
b} the subclavian vein.

ic) the femoral vein.

id) the veins of the forearm.
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Methods that may help 1o ensure successful peripheral venous access in the
older adult include all but which of the following?

{a) Applying light traction to the accessed vein at points distal and proximal
to the venipuncture access site

(b} Minimizing the time that a tourniquet is applied
(c) Selecting a venous access site that is tortuous and is at a point of
a bifurcation

(d} Palpating a vein to ensure that it is supple and pliable before it is
selected as a suitable site

Sites that may be selected for hypodermoclysis include

{a) the same sites that are suitable for peripheral LV, access.
(b} the same sites that are suitable for central 1.V, access.
(c) the lower abdomen.

(d} the external jugular vein.

Clinical manifestations of fluid overload may inclede all but which
of the following?

(a) Bibasilar crackles
(b} Thrombophlebitis
{c) Dyspnea
(d) Oligoria

An older adult patient who is prescribed 1.V. digoxin (Lanoxin) is severely
hypoalbuminemic. Digoxin is bound to albumin in the plasma. The nurse
knows that which of the following statements is true?

(a) The patient should receive lesser than typical doses of LV, digoxin
because the patient could have the adverse effect of digoxin toxicity.

(b} The patient should receive higher than typical doses of I.V. digoxin
because the patient might not reap the therapeutic effects of digoxin.

{c) The patient should receive normally prescribed doses of digoxin
because its binding with serum albumin should have no effect on
its toxicity.

(d} The patient should receive normally prescribed doses of digoxin
because its binding with serum albumin should have no effect on its
therapeutic effectiveness.



CHAPTER 14

Intravenous Therapy
within Community-
Based Settings

Learning Objectives

After completing this chapter, the learner will

& ldentify community-based settings where intravenous (L'V) therapy may
be deliverad.

2. Describe the role of the nurse in delivering LV, therapy within community-
based settings.

Copyright @ 2008 by The McGraw-Hill Companies, Inc. Chick here for terms of use
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3% Recognize the nurse’s role in teaching patients and families how to maintain
L.V, access sites safely and effectively within community-based settings.

&. PRecognize the nurse’s role in teaching patients and families how to self-
administer LV, therapy safely and effectively within home-based settings.

'_’ Key Terms

Community-based settings

Introduction to Community-Based Settings

Much of this book focuses on the delivery of LV, therapy within the confines of the
hospital. However, LV, therapy may be delivered in a variety of community-based
settings outside the hospital. Administering LV, therapy in settings outside the
hospital tends to cost less and gives patients more freedom, which can enhance
patient quality of life. Within this context, community-based settings refer o
therapy that is delivered to patients and families who reside within the confines of
an identifiable geographic region. #& Some of the community-based settings
where LV, therapy may be delivered include

* Clinics that are either hospital-based or freestanding

* Infusion therapy centers

* Ambulatory-care centers, including same-day surgery centers, diagnostic
facilities, and urgent-care centers

* Long-term care facilities

+ Hospices

»  Assisted-living facilities™

* Traditional home settings®

When a patient receives 1.V, therapy within the traditional home setting. the person

who administers the 1.V. therapy may be the patient or a home health care nurse. This
chapter provides a brief overview of some basic principles for administering LV.
therapy within community-based settings, including the home setting. The reader is

encouraged to review additional sources of information to find more specific and
comprehensive content on LV, therapy within specific community-based settings.



CHAPTER 14 Community-Based Settings a9 g4
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refer to therapy that is delivered to patients and
Sfamilies who reside within the confines of an identifiable geographic region.

The Role of the Nurse in Delivering I.V.
Therapy within Community-Based Settings

2. The nurse who administers LV, therapy within community-based settings
may be responsible for initiating the administration of LV, infusions. If this is the
case, the same principles that guide selection and setup of LV. delivery systems
that were discussed in Chapter 3 also apply to community-based settings. The
nurse who practices in a same-day surgery center may be responsible for initiating
multiple peripheral LY. setups for patients on a daily basis. In this event, the
principles that guide selection of peripheral access sites and venous access devices
that were outlined in Chapter 4 can be applied to this setting. The nurse who works
in an oncology clinic and who administers cyclic infusions of chemotherapeutic
agents to cancer patients with central venous access devices may use the principles
outlined in Chapter 5. Likewise, the same principles that guide general nursing
practice noted in Chapter 6 and that guide the appropriate infusion of crystalloid
solutions {e.g.. Chapter 7), colloid solutions (e.g.. Chapter 8), blood components
(e.g., Chapter 9), parenteral nutrition (e.g., Chapter 10}, and medications (e.g.,
Chapter 11} and special populations such as infants and children (e.g., Chapter 12}
and older adults {e.g.. Chapter 13) can be used as general guides for the
administration of LY. therapy to patients within community-based settings.

PATIENT AND FAMILY TEACHING NEEDS

Patients who receive LV. therapy within community-based settings do not fit a
single profile. Often patients who present to ambulatory-care centers who reguire
LV, therapy have diagnostic procedures performed (e.g., colonoscopies) or same-
day surgical procedures (e.g., tonsillectomies). These patients receive LY. push or
bolus dosages of anesthetics and anxiolytic agents by peripheral venous access
routes that are initiated and discontinued within a few hours. Patients such as these
who require LY. therapy for brief time periods and who have limited responsibility
for maintaining LV, access have limited teaching needs aboul their therapy.

Many patients who receive LV, therapy within community-based settings re-
ceive either cyclic or continuous infusions (o treat chronic diseases. Because the
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anticipated time frame for the delivery of LV, therapy is longer than a few days,
these patients require the placement of some type of central venous access device,
which may include a peripherally inserted central catheter (PICC), a nontunneled
catheter. a tunneled catheter, or an implantable port. Patients who require this type
of therapy may include any of the following:

= Patients with chronic infections {e.g., patients with osteomyelitis: hepatic,
splenic, or brain abscesses; septic arthritis or bursitis; chronic complicated
sinusitis; otitis media: or mastoiditis) who require cyclic doses of a variety
of L'V. antibiotics

= Patients with cancer who require cyclic doses of a variety of chemotherapeutic
agents

+ Patients who are undernourished or malnourished and who require
continuous or cyclic LV, infusions of parenteral nutrition

= Patients with heart failure who require cyclic doses of LV, inotropic agents
{e.g.. dobutamine)

+ Patients with pulmonary arterial hypertension who reguire continuous
infusions of epoprostenol {Flolan}

Patients with Central Venous Access Devices

/3. Patients with central venous access devices and their family members who are
either primary caregivers or who share some of the caretaking responsibilities must
understand how to maintain the central venous access devices so that they do not
experience access-related adverse events. They must be taught methods to ensure
asepsis of the venous access site, and they must be taught the manifestations of
venous access-site-related adverse events. In addition, any patient with a central
venous access device who is not a hospital inpatient should be told to wear a medical
alert bracelet. In the event of an emergency, health care providers could have ready
access to a central L'V, line if necessary or may be alerted that manipulation of the
central LV, access device is contraindicated if the patient wears an appropriate
medical alert bracelet.

Sreep Bumr

Patients and family members within community-based settings who have central
venous access devices for the delivery af LY. therapy must be taught methods 1o
Ensure af the venous access site, and they must be taught manifestations
af venous access-site-related adverse events.
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Patients with central venous sccess devices and their family members must be
taught how to maintain their devices properly to minimize the likelihood of
contamination. In particular, they must be

+ Taught how to cover their access-site dressings when they shower or bathe
so that the dressings do not become wet.

= Given checklists of supplies that they must keep on hand to change their
dressings.

= Taught about the imporiance of handwashing prior to changing the dressing.

= Tanght when to change the dressings, that is, every 7 days for dressings
with transparent semipermeable membranes or on contamination.

= Taught how to change their dressings and cleanse their access sites. In
order to ensure that these patients and families members are capable of
performing these skills, the nurse also should give readily understandable
instruction sheets on venous access-sile care o these patients and family
members as resource guides and ask them (o perform return demonstrations
to show that they truly understand what needs to be done and have

mastered the psychomotor skills needed 1o change the dressings and
cleanse the access sites.

Patients with central venous access devices and their family members also must
be taught to monitor for clinical manifestations of central venous access-site-related
adverse events. These include the following:

= Sepsis, which may be manifested by fever, lethargy, chills, or shock
symploms

* Access-site infection, which muy be manifested by fever, redness, swelling,
or purulent droinage at the venous access site

= Phlebitis, which may be manifested by redness, swelling, or a burning
sensation at the venous access site

= Thrombosis, which may be manifested by an inability to infuse either flush
solution or other solutions into the venous access device

= Air embolism. which may be manifested by sudden dyspnea, disorientation,
diaphoresis, or shock symptoms

These patients and their families must be taught to report any suspicions of
adverse events to their health care provider. In particular, patients who may be
manifesting sepsis or air embolism should be taught how o appropriately seek
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immediate emergency care. A list of phone numbers to call if any of these adverse
events occur should be readily available.

Self-Administration of L.V. Therapy

Some patients who require long-term LV, therapy either self-administer or have
family members help them administer their infusions within their homes. In some
cases, these infusions are continuous, whereas in other cases, they are cyclic. Not
only must the patients and their family members be screened in advance to ensure
that they have the cognitive and psychomotor abilities to safely deliver the LV,
therapy as prescribed, the home environment also must be screened in advance. The
home environment must be clean, must have running hot water, must have a ready
source of electricity to provide power to charge the L'V, pump batteries, and must
have a telephone line so that emergency calls can be made as needed. In some
cases, a clean refrigerator may be needed to store the LY. infusions, which may
include LY. medications or L'V, parenteral nutrition solutions.

#&. Patients and any family members who are caregivers must be taught how to
maintain the infusions safely and effectively. The nurse should provide these patients
and caregivers with formal instruction, give them readily understandable written
guidelines, and critique return demonstrations of psychomotor skills to ensure that
they are mastered appropriately. Patients and family members must be given
appropriate phone numbers to call in event of questions, equipment malfunction, or
emergencies. Not only must they be able to demonstrate the ability to change their
dressings and cleanse their LV, access sites, but they also must be able to

= Discuss the characteristics of the LV, infusion and why it is prescribed

+ [Identify any side effects, toxic effects, or adverse effects associated with
delivery of the L'V, infusion and how to respond if they occur

* Demonstrate appropriate handling (e.g.. refrigeration and temperature
control} of the L'V, infusion

+ Demonstrate appropriate use and handling of the LY. infusion pomp
* Demonstrate how to set up and prime the V. administration set

* Demonstrate how to connect and disconnect the IV, administration set
from the venous access site

* Demonstrate how to flush the LV, venous access site so that it remains patent
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Figure 14-1 Accessories for ambulatory LV. pumps. A. Small, soft fanny pack
{30100 mL). 8. Large, soft fanny pack (250-1000 mL). (Courtesy of B. Braun,
Products Catalog, 2005.)

Many patients who self-administer L.V. therapy st home do so using LV.
administration sets that do not differ from those described previously in this book.
The electronic infusion devices (i.e., I.V. pumps) that are used, however, tend to
be much smaller in size than those used in the hospital-based setting. These
ambulatory or portable LV. pumps feature the same essential capabilities as their
larger counterparts but do allow the home core patient more flexibility in
ambulation. These pumps can be battery-charged and then placed in a “fanny
pack” that the patient can wear. Figure 14-1 shows fanny packs that can hold
either small or larg LY. bags.

Summary

Patients who receive 1V, therupy are not necessarily confined to the hospital setting.
Delivering [.V. therapy (o patients within community-based settings can be more
cost-effective and can enhance patients’ quality of life. There are a number of
community-based settings where LV, therupy may be administered. Patients with
central venous access devices must be able to maintain these sites safely for
continued delivery of their prescribed 1.V, infusions. Patients and their families who
self-administer L.V, infusions within the home setting must live in an appropriate
environment that supports the safe and effective delivery of their prescribed therapy.
Furthermore. they must demonstrate the psychomolor skills necessary to deliver
their L'V. infusions safely and effectively.
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Quiz

|. Community-based settings where LV, therapy may be administered include

all but which of the following?
(a) Same-day surgery centers
(b} Hospices

(¢} Inpatient rehabilitation units
(d} Infusion-therapy centers

. Patients who receive 1.V. therapy within community-based settings
with the most limited teaching needs include those who receive their
infusions within

(a) same-day surgery centers.
(b} hospices.
{c) inpatient rehabilitation units.

(d} infusion-therapy centers.

. Chronic diseases that may warrant either cyclic or continuous LV, therapy

over the long term within community-based settings include all but which
of the following?

(a) Heart failure
(b} Appendicitis
() Cancer

(d} Osteomyelitis

4. Patients who have central LY. access devices and their families should

be taught

(a} how to prevent venous access-site sepsis.
(b} how to self-administer all their infusions.
{c} how to treat an air embolism.

(d) how to dissolve an access-site thrombus.
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5. The home environment for patients eligible to self-administer their LV,
infusions musi be

(a) on one level.

i{b) within 5 miles of the primary infusion center.

(c) in a neighborhood that is relatively safe 1o sccommodate home care visits.
{d) clean.



Answers to Quiz
Questions

Chapter 1: Introduction to Intravenous Therapy

a. Intravenous

L.

2. c.  Alimentary

3. ¢, Infusion Nurses Certification Corporation
4. ¢.  Treating dehydration

g, ABO blood types

. Gastric infusion

Chapter 2: Fluids and Electrolytes

[. b. A normal-sized. healthy adult male
2. a.  Intracellular
3. d.  Albumin

Copyright ® 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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Osmosis

Sodium
Hypertonic
Metabolic acidosis

No more than 10 mEg/h in an admixed solution. If a central 1.V, line is
used, no more than 20 mEg/h.

Hypocalcemia treatment

Chapter 3: Intravenous Therapy Delivery Systems

15.

B O

E

B B R0

= = A

Luer-lock connections.

They tend to be compatible with medications and solutions that
interact with plastics.

Intravenous tubing.
50 drops/mL
125 mL/h

125 mL/h

750 mL/h

30 drops/minute
42 drops/minute
17 drops/minute
60 drops/minute
67 drops/minute
33 drops/minute
50 drops/minute

Feature a variety of alarms

Chapter 4: Peripheral Intravenous Therapy

l
2.
3

. d.
b.

.

To provide parenteral nutrition
A nontortuous metacarpal vein on a nondominant hand

A steel winged-tipped infusion device
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4. c.  Whenever the system is contaminated
5. c.  The catheter
6. c. Whenever they are soiled

Chapter 5: Central Intravenous Therapy

1. a PICC

2. a Basilic

3 b Subclavian
4. d. Infiltration
5. b.  Airembolism

Chapter 6: Intravenous Therapy and the Nursing Process

d. Decreased cardiac output
b. Patients with dry mucus membranes
d

ol o

Purulent drainage
a. Infiltration

L

site that is not in close proximity to a joint,

Chapter 7: Crystalloid Solutions

b.  Isotonic solutions

1.

2. a.  Saline (D.9% NS}

3. b Anisotonic solution
4. a. A hypotenic solution
5.c. 125mL

6. a. 375ml

7. d. None

& c. Hypertonic

20 0

a.  Disuse syndrome may be prevented by choosing a peripheral access
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0. ¢.  The blood cells and vascular endothelial cells shrink when they come
into contact with the solution.

10. e. 501 mL
11. d. 999 mL

12. a. The blood cells and vascular endothelial cells are not affected by
coming in contact with the solution.

13. . O mL of solution disperses into the intracellular space, 375 mL of
solution disperses to the interstitium, and 125 mL of solution remains
in the intravascular space.

Chapter 8: Colloid Solutions

l. b, Colloids pass readily through capillary and cell membranes.
2. a.  Plasma protein fraction

3. ¢.  Leukapharesis

4. b, Carbohydrate macromolecules

5. d. Dextran

6. d. Dextran

Chapter 9: Blood Component Therapy

L. a. 15 gL

2. ¢.  Recombinant granulocyte-colony stimulating factor (G-CSF)

3. d. 42 days after it is donated

4. b. 3 percent

5. a.  Preoperative autologous blood donation (PABD)

6. c. Leukocyte-reduced

7. c.  All patients with platelet counts <10,000/mm*

8. d. Patients receiving warfarin {Coumadin} who require quick reversal
of its anticoagulation effects

0. 8. TypeA

10, c. Type AB
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11.
12.
13.
4.
15.

e B ae

Women of childbearing yeuars

All the above

Acute hemolytic reaction

Febrile nonhemolytic reaction

Must use secure Luer-lock connections, as appropriate

Chapter 10: Parenteral Nutrition Therapy

R

d.

1]

-

P

B

A patient with a bowel obstruction

A patient who is prescribed warfarin (Coumadin)
Total nutrient admixture (TNA)

LV. fat emulsion (IVFE)

Continuous

Ondansetron (Zofran)

Hyperglycemia

Refeeding syndrome

Chapter 11: Intravenous Pharmacologic Therapy

=

e =

b.

RS - N

Quick drug action can be ensured only by administering the

medication intravenously.

Medications maintain their stobility long after their expiration date and

still may be given intravenously,
The patient's room number
Extravasation

100 mL/h

A cognitively intact and otherwise healthy 30-year-old man who is

postoperative after donating a kidney to his brother
Stop the infusion
Potentiated
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Chapter 12: Intravenous Therapy and Infants and Children

th B o ka =

=1

& o

= F B R

Preschool

A minidrop chamber of 50-60 drops/mL

Competence in working with generic LV, therapy equipment
Take at least | hour to be effective

When scalp veins are accessed, the tip of the needle should be pointed
downward, toward the patient’s chest.

1875 mL

They are more prone to immune-related dysfunction than adults.

Chapter 13: Intravenous Therapy and the Older Adult

=

l

2.
3.
4

=1

o

Oldest old
Fluid overload
The veins of the forearm

Selecting a venous access site that is tortuous and that is at a point of a
bifurcation

The lower abdomen
Thrombophlebitis

The patient should receive lesser than typical doses of LY. digoxin
{Lanoxin) or the patient could have the adverse effect of digoxin
toxicity.

Chapter 14: Intravenous Therapy within Community-Based Settings

th B o ka =

L2

ol -

Inpatient rehabilitation units

Same-day surgery centers

Appendicitis

How to prevent venous access-site sepsis

Clean
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(ITP), 137
immunoglobulins, 131, 138, 144, 156, 173
implantable ports. 83
inactivation, 174
INCC. See Infusion Nurses Certification
Corporation
infancy, 192
infants
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parenteral nutrition in, 203
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infiltration, 67, 70, 97-98
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for infants and children, 193
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for older adults, 209
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infusion therapy, 2
centers, 218
initial response, 108
to erystalloids, 108-109
initiating therapy, 158

injury. 97-100
inotropic agents, 1821, 220
insulin, 25, 28

interstitium, 14
intracellular Auid (ICF), 13-14, 110, 118
electrolyte compaosition of, 164
tonicity of, 19
intraoperative blood salvage (IBS), 134-135
intraosseous delivery, 200, 201f
intravascular fluid, 14
Intropin. See dopamine
ionic charges. 15
isotonic fluids, 20, 107
isovolemic hyponatremia, 21
ITP. See idiopathic thrombocytopenia purpura
LV. bags
glass, 39-40
plastic, 40-41
spiking. 39, 41f
LY. clamps, 69, T0
LV. delivery devices, 49-51
parenteral nutrition, 157-158
1.V. fat emulsions (IVFEs), 7. 75, 155
LV lines, 42-46
priming. 44-46
LV. pumps, 47, 50, 69, 70, 157, 195, 209
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ambulatory, 223f
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peripheral, 56-72, 169, 198190,
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today, 4-5
LV. tubing, 69
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J

JCAHO. See Joint Commission on
Acereditation of Health Care Organizations
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Joint Commission on Accreditation of Health
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K

ketosis, 11]

kidneys, 18
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L

B-lactam, 175

lactated Ringer's (LR) solution, 112, 118, 202
Latta, Thomas, 3

leukocytes, 130

leukopenia, 132

Luer locks, 38

lidocaine, 197

lock devices, converting 1o, 68-69
long-term care facilities, 218

LR. See lactated Ringer's solution

macrolides, |76
macronutrients, |54
magnesium balance, 28-30
mechanical infusion devices, 50
medication therapy, 7
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metabolic bone disease, 161
metabolic complications, 161
microdrop sets, 48
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middle old, 208

midline catheters, 60
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mixed-electrolyte solutions, 112

N
NANDA. See North American Nursing
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needleless dispensing pins, 168f
neonatal intensive care units (NICU), 200
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neurotoxic parkinsonism, 16]
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NICU. See neonatal intensive care units
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NOC. See Nursing Outcomes Classification
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norepinephrine, 7
normal saline (NS), 65, 110, 202
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deficient Auid volume, 9395
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older adults, 208
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blood component therapy in, 213-214
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crystalloid delivery in, 212-213
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infusion sets, 209
parenteral nutrition in, 214
patient preparation, 209-210
peripheral LV. therapy in, 210-211
pharmacologic agents in, 214

oldest old, 208

opicids, 183f
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osmoreceptors, 18
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osmotic pressure, 16

over-the-needle catheters. 4, 60-61
venous access with, 6265
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PABD. S¢e preoperative autologous blood
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parenteral, 2
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parenteral nutrition, 152, See also peripheral
parenteral nutrition; total parenteral nutrition
administering, 157-161
adverse events and, 159-161
central delivery, 156157
continuous delivery, 156
cyclic delivery, 156
discontinuing, 161
effectiveness monitoring, 158
in infants and children, 203
initiating therapy, 158
L.V. delivery system, 157-158
longterm metabolic complications
of, 161
in older adults, 214
peripheral delivery, 156-157
types of, 153-156
passive transport, 15-16
patient preparation
for central venous access routes. 76
infant and children, 196-197
older adult, 209-210
patient teaching needs, 219-223
central venous access devices, 220-222
self-administration, 2222213
patient-controlled analgesia (PCA). 172
patient-controlled infusion, 171-172
PRBS. See postoperative blood salvage
PCA. See patient-controlled analgesia
penicillins, 176—1771
pentastarch, 119
peripheral 1V, therapy, 56-72
discontinuing, 70
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patient preparation, 58
pharmacologic, 160
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peripherally inseried central catheters plastic 1.V, bags, 4041
(PICCs), 75, 76-82, 157, 220 platelets, 137
equipment for, 77-78 pneumothorax, 99-100
gaining venous access with, 7T8-79 in central venous therapy. 8687
insertion of, 77 Poliomyelitis pandemic, 34
maintaining venous access positive-pressure infusion pumps, 170f
with, 81-82 postoperative blood salvage (PBS), 134
properly inseried, 77f potassium, 14, 186+
removal of, 88 balance, 24-28
peritonitis, 122 potentiation, 174
pharmacologic agents, 158, 166 povidone-iodine swabs, 81, 82
administration principles, 167-168 PPE. See plasma protein fraction
central lines, 169 PRBCs. See packed red blood cells
classes of, 174-188 preoperative autologous blood donation
continuous drip infusion, 169 (PABD), 134
delivery of, 169-172 preschool, 192
in infants and children, 203 prilocaine, 197
in older adults, 214 primary infusion sets, 42, 43f
peripheral lines, 169 priming, 44, 57
pharmacologic therapy prokinetic agents, 187t
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physiclogic mechanisms, 17-18 red blood cells. 14
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sepsis, 146
monitoring, 159
short catheters, 60
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synthetic colloids, 119
syringe bolus, 4
syringe pumps, 195, 196f

T
tachycardia, 173
tachypnea, 24

teaching needs, 219-223
tewacycline, 177t

therapeutic response, 108
to crystalloids, 109-110
thirst center, 18

thrombocytes, 130, 131
thrombocytopenia, 132

thrombolytics, 180¢
thrombopoietin, 132
thrombosis, 6768, 70, 08, 221
in central venous therapy, 86-87
TNA. See total nutrient admixture
toddlers, 192
tonicity, 19-20. 106-107
of crystalloids, 1071
of ECF, 19
effects of. 19
of ICF. 19
total nutrient admixture (TNA), 7, 75, 154, 155
total parenteral nutrition (TPN}, 4,7,75, 154
solutions, 153-154
storage, 154
tourniquets, 62, 78, 79
TPN. See total parenteral notrition
traditional home settings, 218
TRALL See transfusion-related acute
lung injury
transfusion-related acute lung injury
(TRALI), 144
transfusions, 2, 3-4

U

UA. See urinalysis

UACs, See umbilical arterial catheters
umbilical arterial catheters (UACs), 200
umbilical venous catheters (UVCs), 200
universal donors, 139

urinalysis (UA), 95

UVCs. See umbilical venous catheters

v
Valsalva maneuver, 88, 99
vancomycin, 177¢
vasopressors, 7, 169
venous access sites, 39-61. See also central
VENOUS access roules
adverse events, 6768
dressing, 66
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securing, 66
with sicel-winged infusion devices, 65-66
venous sclerosis, 210
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vesicants, 75
vitamin K, 154
volume expanders, 118
von Willebrand factor, 138

w

warfarin, 136

water, 12

West Nile virus, 132
white blood cells, 14, 96
whaole blood, 134
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young old, 208




	2009-06-09_202932
	2009-06-09_202944
	2009-06-09_202954
	2009-06-09_203004
	2009-06-09_203014
	2009-06-09_203023
	2009-06-09_203032
	2009-06-09_203041
	2009-06-09_203051
	2009-06-09_203059
	2009-06-09_203108
	2009-06-09_203118
	2009-06-09_203128
	2009-06-09_203138
	2009-06-09_203148
	2009-06-09_203157
	2009-06-09_203207
	2009-06-09_203225
	2009-06-09_203238
	2009-06-09_203258
	2009-06-09_203308
	2009-06-09_203318
	2009-06-09_203330
	2009-06-09_203342
	2009-06-09_203352
	2009-06-09_203401
	2009-06-09_203410
	2009-06-09_203420
	2009-06-09_203431
	2009-06-09_203441
	2009-06-09_203452
	2009-06-09_203500
	2009-06-09_203511
	2009-06-09_203521
	2009-06-09_203530
	2009-06-09_203539
	2009-06-09_203549
	2009-06-09_203600
	2009-06-09_203610
	2009-06-09_203620
	2009-06-09_203630
	2009-06-09_203640
	2009-06-09_203650
	2009-06-09_203700
	2009-06-09_203709
	2009-06-09_203718
	2009-06-09_203726
	2009-06-09_203736
	2009-06-09_203744
	2009-06-09_203752
	2009-06-09_203801
	2009-06-09_203809
	2009-06-09_203818
	2009-06-09_203827
	2009-06-09_203836
	2009-06-09_203844
	2009-06-09_203853
	2009-06-09_203902
	2009-06-09_203911
	2009-06-09_203924
	2009-06-09_203934
	2009-06-09_203942
	2009-06-09_203951
	2009-06-09_204009
	2009-06-09_204018
	2009-06-09_204027
	2009-06-09_204037
	2009-06-09_204047
	2009-06-09_204057
	2009-06-09_204106
	2009-06-09_204115
	2009-06-09_204124
	2009-06-09_204135
	2009-06-09_204143
	2009-06-09_204153
	2009-06-09_204204
	2009-06-09_204213
	2009-06-09_204224
	2009-06-09_204233
	2009-06-09_204241
	2009-06-09_204252
	2009-06-09_204301
	2009-06-09_204309
	2009-06-09_204318
	2009-06-09_204327
	2009-06-09_204335
	2009-06-09_204343
	2009-06-09_204353
	2009-06-09_204402
	2009-06-09_204411
	2009-06-09_204420
	2009-06-09_204431
	2009-06-09_204440
	2009-06-09_204449
	2009-06-09_204458
	2009-06-09_204512
	2009-06-09_204525
	2009-06-09_204533
	2009-06-09_204542
	2009-06-09_204551
	2009-06-09_204634
	2009-06-09_204644
	2009-06-09_204653
	2009-06-09_204701
	2009-06-09_204710
	2009-06-09_204721
	2009-06-09_204731
	2009-06-09_204739
	2009-06-09_204749
	2009-06-09_204800
	2009-06-09_204809
	2009-06-09_204827
	2009-06-09_204836
	2009-06-09_204844
	2009-06-09_204851
	2009-06-09_204859
	2009-06-09_204908
	2009-06-09_204916
	2009-06-09_204925
	2009-06-09_204935
	2009-06-09_205016
	2009-06-09_205027
	2009-06-09_205035
	2009-06-09_205044
	2009-06-09_205052
	2009-06-09_205100
	2009-06-09_205109
	2009-06-09_205118
	2009-06-09_205127
	2009-06-09_205158
	2009-06-09_205206
	2009-06-09_205215
	2009-06-09_205235
	2009-06-09_205244
	2009-06-09_205253
	2009-06-09_205303
	2009-06-09_205311
	2009-06-09_205319
	2009-06-09_205328
	2009-06-09_205336
	2009-06-09_205345
	2009-06-09_205353
	2009-06-09_205402
	2009-06-09_205410
	2009-06-09_205419
	2009-06-09_205428
	2009-06-09_205443
	2009-06-09_205453
	2009-06-09_205503
	2009-06-09_205511
	2009-06-09_205519
	2009-06-09_205527
	2009-06-09_205537
	2009-06-09_205549
	2009-06-09_205557
	2009-06-09_205606
	2009-06-09_205614
	2009-06-09_205623
	2009-06-09_205633
	2009-06-09_205641
	2009-06-09_205649
	2009-06-09_205657
	2009-06-09_205705
	2009-06-09_205714
	2009-06-09_205722
	2009-06-09_205732
	2009-06-09_205743
	2009-06-09_205752
	2009-06-09_205800
	2009-06-09_205808
	2009-06-09_205817
	2009-06-09_205824
	2009-06-09_205833
	2009-06-09_205841
	2009-06-09_205848
	2009-06-09_205915
	2009-06-09_205926
	2009-06-09_205937
	2009-06-09_205946
	2009-06-09_205953
	2009-06-09_210002
	2009-06-09_210010
	2009-06-09_210019
	2009-06-09_210027
	2009-06-09_210036
	2009-06-09_210044
	2009-06-09_210052
	2009-06-09_210106
	2009-06-09_210115
	2009-06-09_210126
	2009-06-09_210134
	2009-06-09_210149
	2009-06-09_210157
	2009-06-09_210205
	2009-06-09_210213
	2009-06-09_210221
	2009-06-09_210228
	2009-06-09_210237
	2009-06-09_210245
	2009-06-09_210253
	2009-06-09_210301
	2009-06-09_210309
	2009-06-09_210318
	2009-06-09_210327
	2009-06-09_210336
	2009-06-09_210344
	2009-06-09_210353
	2009-06-09_210402
	2009-06-09_210411
	2009-06-09_210419
	2009-06-09_210427
	2009-06-09_210436
	2009-06-09_210445
	2009-06-09_210454
	2009-06-09_210504
	2009-06-09_210514
	2009-06-09_210522
	2009-06-09_210530
	2009-06-09_210544
	2009-06-09_210554
	2009-06-09_210602
	2009-06-09_210610
	2009-06-09_210619
	2009-06-09_210627
	2009-06-09_210635
	2009-06-09_210645
	2009-06-09_210654
	2009-06-09_210702
	2009-06-09_210711
	2009-06-09_210719
	2009-06-09_210727
	2009-06-09_210735
	2009-06-09_210744
	2009-06-09_210753
	2009-06-09_210801
	2009-06-09_210810
	2009-06-09_210819
	2009-06-09_210836
	2009-06-09_210847
	2009-06-09_210856
	2009-06-09_210905
	2009-06-09_210914
	2009-06-09_210921
	2009-06-09_210929
	2009-06-09_210939
	2009-06-09_210953
	2009-06-09_211002
	2009-06-09_211009
	2009-06-09_211017
	2009-06-09_211030
	2009-06-09_211038
	2009-06-09_211046
	2009-06-09_211057
	2009-06-09_211105
	2009-06-09_211113
	2009-06-09_211121
	2009-06-09_211130
	2009-06-09_211138
	2009-06-09_211147
	2009-06-09_211157

