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Preface

Manual of L.V. Therapeutics, Fourth Edition, provides comprehensive infor-
mation on infusion therapy for the nursing student and the practicing
nurse. New to this edition are nursing fast fact boxes that key out impor-
tant information; boxed nursing points-of-care, which present nursing
interventions; and a chapter on basic phlebotomy.

This self-paced, comprehensive text presents information ranging
from a simple to complex format, incorporating theory into clinical appli-
cation. The skills of recall, nursing process, critical thinking, and patient
education is covered, along with detailed summaries, provide the foun-
dation one needs to become a knowledgeable practitioner. The psy-
chomotor skills associated with infusion therapy are presented in
step-by-step recurring displays based on standards of practice.

Each chapter has accompanying objectives, defined glossary terms
that are bolded within the text, a post-test, a key points summary, and a
critical thinking case study. Icons and special boxes are used throughout
each chapter to key the reader to Web sites, patient education, home care
practice, cultural considerations, and standards of practice. Included in
this new edition are step-by-step competency SkillChecks in the appen-
dices. These SkillChecks can be used in the educational setting, as well as
in agencies, for validating competencies of nurses in infusion skills. The
icons used in this fourth edition are as follows:

NOTE > Identifies key points that are boxed within the text

/( %:7 Presents nursing interventions boxed within the text

Identifies Web Sites

m Identifies Home Care Issues

. Identifies Patient Education information

vii
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Identifies a media link, which refers to the book’s accom-
panying CD-ROM, and is located in the critical thinking
case study and post-test sections at the end of each chap-
ter.

p Identifies standards of practice throughout the text,
including guidelines of the Infusion Nurses Society (INS),
Occupational Safety and Health Administration (OSHA),
Centers for Disease Control and Prevention (CDC), and
Oncology Nurses Society (ONS).

This manual is divided into three units. Unit 1 lays the foundation for
practice, Unit 2 provides basics of infusion therapy, and Unit 3 covers
advanced practice.

Unit 1 consists of four chapters designed to give in-depth information
to the reader on risk management, legal responsibilities, infection control
practices, and fundamentals of fluid and electrolyte balance.

The six chapters in Unit 2 provide the essential solid foundation in
infusion therapy practice. This fourth edition has incorporated recurring
displays for procedures and for cultural and age-related issues. New to
this unit is a chapter on basic phlebotomy practices. Unit 2 provides the
reader with comprehensive information on infusion equipment for par-
enteral solutions, techniques for peripheral infusion therapy, complica-
tions, and the special needs of the geriatric and pediatric populations.

Unit 3 consists of five chapters encompassing the advanced topics of
infusion medication delivery, management of central lines, transfusions
therapy, antineoplastic theory, and nutritional support.

The appendices include a summary of the new CDC (2002) recom-
mended procedures for maintenance for intravenous catheters and
administration sets. The appendix also has a set of comprehensive com-
petency SkillCheck forms.

The CD-ROM accompanying this textbook contains 300 questions
based on standards of practice and follows the guidelines of the INS Core
Curriculum for certification. The CD-ROM also includes guidelines for
discussion and answers to the case studies.

I hope this new edition provides you, whether you are a practicing
healthcare professional or student, with valuable insights into the safe
practice of infusion therapy and a reference for this rapidly advancing
field.

Lynn D. Phillips
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Chapter 1
Risk Management
and Quality
Patient Management

The world, more especially the hospital world, is in such a hurry, is moving
so fast, that it is too easy to slide into bad habits before we are aware.
—Florence Nightingale, 1873

Learning Objectives
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Legal and Ethical Issues in
Infusion Therapy
Sources of Law
Legal Terms
Legal Causes of Action
Related to Professional
Practice
Breach of Duty
Legal Perils of I.V. Therapy
Standards of Care
Staying Current with
Standards of Care for
Infusion Therapy
Standards of Practice
Ethics
The L.V. Nurse’s Role as Expert
Witness
Risk Management and Risk
Assessment
Informed Consent

Chapter Contents

Unusual Occurrence Reports
Documentation
Developing and Participating in
Product Evaluation
Product Problem Reporting
Performance Improvement
and Quality Patient
Management
Approaches to Quality
Management
Continuous Quality
Improvement
Performance Improvement
Total Quality Management
Evidence-Based Practice
Benchmarking
Barcoding
Developing Nursing Competency
Standards
Competency Standards
Competency-Based
Educational Programs
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Competency Validation Home Care Issues
Program Key Points
Occupational Risks Critical Thinking: Case Study
Biologic Hazards Post-Test
Physical Hazards References
Patient Education Answers to Chapter 1 Post-Test

B LEARNING Upon completion of this chapter, the reader will be able to:

OBJECTIVES 1. Define the terminology related to risk manage-
ment and quality patient management.

2. Identify the sources of laws.

3. Differentiate between standards of care and
standards of practice.

4. Identify the areas of breach of duty for the
specialty of infusion nursing.

5. Define evidence-based practice, as it applies to
infusion nursing.

6. State the key points in an unusual occurrence
report.

7. State the definition of quality management.

8. State the three parts of a competency-based
program.

9. Differentiate between performance improvement
and total quality management.

10. Identify the role of the nurse as an expert witness.

11. Identify three occupational risks for the infusion
nurse.

4 GLOSSARY

Audit A review of care using defined criteria

Benchmarking Structured, comparative trending of performances that
represent “best-known” practices and the identification of goals
against which all other levels of performance are measured

Civil law Laws that affect the legal rights of private persons or corpo-
rations

Competency Integrated behaviors derived from an explicit set of
desired outcomes

Competency validation program (CVP) System developed by Clinical
Center Nursing Department at the National Institutes of Health to
identify, describe, validate, and document the nursing competencies
required for safe and effective nursing practice

Competent Being capable or able; knowing how to function
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Continuous quality improvement (CQI) Created to assist organiza-
tions in improving the quality of care.

Criminal law Offense against the general public; effects welfare of soci-
ety as a whole

Criteria Elements necessary to define and measure quality

Data collection Gathering information through interviewing, observ-
ing, and inspecting

Dimensions of performance Characteristics of what is done and how
well it is done

Documentation A recording, in written or printed form, containing
original, official, or legal information

Evaluation Inspection, examination, and quality judgment

Evidence-based practice Process by which nurses make clinical deci-
sions using the best available evidence, their clinical expertise, and
patient preferences

Expert testimony Witness from the same professional specialty explain-
ing to the court what the standard of care should be in the situation at
hand

Goal Broad statement of a desired outcome

Implementation Carrying out a plan

Intervention Interference that may affect outcome

Liable Legally responsible for damages, answerable

Malpractice Negligent conduct of a professional person

Negligence Not acting in a reasonable or prudent manner

Nursing standard Specific statement about the quality of some facet of
nursing care

Outcome The result of the performance (or nonperformance) of a func-
tion or process(es)

Performance improvement (PI) The continuous study and adaptation
of functions and processes of a healthcare organization to increase
the probability of achieving desired outcomes and to better meet
the needs of patients and other users of services; the third segment
of the performance measurement, assessment, and improvement
system

Process A goal-directed, interrelated series of actions, events, mecha-
nisms, or steps

Quality assurance (QA) The determination of the degree of excellence
through monitoring and evaluating to detect and resolve problems

Quality management An ongoing, systematic process for monitoring,
evaluating, and problem solving

Risk management Process that centers on identification analysis, treat-
ment, and evaluation of real and potential hazards

Standards of care Focuses on the recipient of care and describes out-
comes of care that patients can expect to receive

Standards of practice Focuses on the provider and defines the activities
and behavior needed to achieve patient outcomes
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Statutes Written laws enacted by the legislature

Structure Standard that refers to conditions and mechanisms that pro-
vide support for the delivery of care (e.g., policy and resources)

Tort Private wrong, by act or omission, that can result in a civil action by
the harmed person

Total quality management (TQM) Management system fostering con-
tinuously improving performance at every level of every function by
focusing on maximization of customer satisfaction; focus is on
process

Unusual occurrence report Documentation of an incident that requires
action because of potential or implied consequences

% Legal and Ethical Issues in Infusion Therapy

Sources of Law

In the United States, there are four primary sources of law: (1) constitu-
tional law, (2) statutory law, (3) administrative law, and (4) common law.
In addition, law can be divided into two main branches: private law and
public law. Constitutional law is a formal set of rules and principles that
describe the powers of a government and the right of the people. Rights
guaranteed in the Bill of Rights are consistent with the ethical principles
of autonomy, confidentiality, respect for persons, and veracity. As partici-
pants in the healthcare system, nurses cannot be forced to forfeit any con-
stitutionally guaranteed rights.

Formal laws written and enacted by federal, state, or local legislatures
are known as statutory or legislative laws. Only a minimal number of
statutes dealing with malpractice existed before the malpractice crisis of
the mid-1970s. Changes in Medicare and Medicaid laws, statutory recog-
nition of nurses in advanced practice, and proposed healthcare reform
legislation are all examples of statutory or legislative law.

Administrative law is a form of law set by administrative agencies,
such as the National Labor Relations Board and the Interstate Commerce
Commission. State boards of nursing are examples of this type of legisla-
tive body.

The final source of law is common law, which is court-made law. Most
law in the area of malpractice is court-made law. The courts are responsi-
ble for interpreting the statutes. Most malpractice law is not addressed by
statute but is established by the courts (Burkhardt & Nathaniel, 2002).

Legal Terms

Legal terms that nurses should become familiar with are criminal law, civil
law, tort, malpractice, and the rule of personal liability. Criminal law relates
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to an offense against the general public caused by the potential harmful
effect to society as a whole. A government authority prosecutes criminal
actions, and punishment includes imprisonment, fine, or both. The
administration of L.V. therapy, if performed in an unlawful manner, can
involve a nurse in a criminal offense. Violation of the Nurse Practice Act
or the Medical Practice Act by an unlicensed person is considered a crim-
inal offense.

Civil law or private law affects the legal rights of private persons and
corporations. The branches of private law that are most applicable to
nursing practice are contract law and tort law. Noncompliance with pri-
vate law generally leads to a granting of monetary compensation to the
injured party.

A private wrong, by act or omission, is referred to as a tort. Most tort
law is found in common law. There are two types of tort: intentional and
unintentional. Intentional torts include assault, battery, false imprison-
ment, restraints as a form of false imprisonment, defamation, and breach
of confidentiality (Burkhart & Nathaniel, 2002). When dealing with a
rational patient who refuses treatment, it is best to explain the treatment,
verbally reassure the patient, and then notify the physician of refusal.

Negligence is the failure to do something that a reasonable person,
guided by ordinary considerations, would do or doing something that a
reasonable and prudent person would not do.

Malpractice is a type or subset of negligence, committed by a person
in a professional capacity. Above simple negligence, malpractice is the
form of negligence in which any professional misconduct, unreasonable
lack of professional skill, or nonadherence to the accepted standard of
care causes injury to a patient. Four components are required to prove lia-
bility for malpractice:

1. It must be established that the nurse had a duty to the patient.

2. Abreach of standards of care or failure to carry out that duty must
be proven.

3. The patient must suffer actual harm or injury.

4. There must be a causal relationship between the breach of duty
and the injury suffered (O’Keefe, 2000).

@=> NURSING FAST FACTS!

If an act of malpractice does not create harm, legal action cannot be
initiated.

Coercion of a rational adult patient to place an intravenous catheter
constitutes assault and battery.

The rule of personal liability is “every person is liable for his own tor-
tuous conduct” (his own wrongdoing). A physician cannot protect a nurse
from an act of negligence by bypassing this rule with verbal assurance.
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Nurses are liable for their own wrongdoings in carrying out physicians’
orders. This rule is relevant to nurses in the areas of medication errors (the
most common cause of malpractice claims) and administration of I.V. flu-
ids. Nurses have a legal and professional responsibility to be knowledge-
able regarding the L.V. fluids, medications that are administered, and
techniques for initiating and maintaining infusion devices.

The terms assault and battery, although usually used together, have
different legal meanings. Both are intentional torts. Assault is defined as
the unjustifiable attempt or threat to touch a person without consent that
results in fear of immediately harmful or threatening contact. Touching
need not actually occur. Battery is the unlawful, harmful, or unwarranted
touching of another or the carrying out of threatened physical harm.
Regardless of intent or outcome, touching without consent is considered
battery. Even when the intention is beneficent and the outcome is positive,
if the act is committed without permission, the nurse can be charged with
battery.

Legal Causes of Action Related to Professional Practice

There are many causes of action involving nursing practice; however, the
two most common are unprofessional practice and professional malprac-
tice. Unprofessional practice or conduct is a departure from, or failure to
conform to, the minimal standards of acceptable and prevailing nursing
practices. In this case actual injury need not be established (NCSBN,
2003). In the infusion specialty examples would be breaches in duty to the
patient, such as accepting the patient in assignment, and a deficiency in
performing that duty, such as failing to perform a venipuncture according
to reasonable and prudent standards of care. Unprofessional practice may
result in the loss of license to practice.

Professional malpractice, a civil action, generally may be defined as
professional misconduct or unreasonable lack of skill that results in harm.
The four legal elements listed previously must be established in profes-
sional malpractice cases (Collins, 2001).

Breach of Duty

Nurses must be aware at all times that failure to observe, failure to inter-
vene, and verbal rather than written orders are potential risks for all nurs-
ing areas. Nurses must assess each patient and formulate a nursing
diagnosis to meet the specific patient’s needs. At this time, the courts have
not extended the concept of nursing diagnosis to the liability of a nurse’s
practice.

Malpractice cases are most frequently based on negligence in physi-
cal care. There are many documented cases of malpractice related to all
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procedures performed on patients. Sometimes the breach of duty occurs
because a nurse fails to perform a procedure according to proper stan-
dards of care. A breach of application of standards of care can be the basis
for negligence. Always ask what a reasonable and prudent nurse would
do. In general, where employers and boards of nursing are concerned, the
patient’s outcome is a determining factor in deciding whether a nurse
breached a standard of nursing practice or violated an employer’s policy
and therefore may be disciplined by either entity (Higginbotham, 2003).
Medication errors are an area in which nurses have faced criminal charges
for not following the five rights of medication administration (Institute
for Safe Medication Practices, 1999).

Because of the risk of malpractice, policy and procedure manuals are
vitally important in all aspects of physical nursing care. Practicing and
performing specific physical care based on the policies and procedures
ensure quality care.

@=> NURSING FAST FACT!

The practice of using verbal orders rather than written orders potentially
places nurses at higher liability risks.

P INs standard. Infusion therapy is initiated with a physician’s
order or on the order of a prescriber authorized by state Nurse
Practice Acts using the nursing process. An order shall be complete
and written in the patient’s medical record. (INS 2000, 10)

Legal Perils of 1.V. Therapy

Among the legal perils of infusion therapy, administering drugs is the
major pitfall. Medication errors in general account for 2 in every 1,000
hospital deaths and are a frequent cause of malpractice suits. The most
frequent medication errors are incorrect dose, wrong dose, and improper
technique. Other risk factors for malpractice suits include:

B The average nurse doesn’t get enough L.V. experience to become
comfortable or proficient with all aspects of L.V. therapy.

® Entering the bloodstream with a foreign object and infusing med-
ications and fluids have great potential to cause life-threatening
complications.

B Litigation for nurses can result from
m Infiltration and phlebitis
m Fractured central venous catheters
m Nerve injury, infiltration, and extravasations
m Administering the wrong drug
m Failure to document appropriately (Satarawala, 2000)
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Standards of Care

The recipient of care, the patient, is the focus of standards of care. The
Joint Commission on Accreditation of Healthcare Organizations (JCAHO)
indicates that standards of care must be developed within organizations
to measure quality based on expectations (JCAHO, 2000). Standards of
care can be voluntary, such as those promulgated by professional groups,
or they may be mandated legislatively. Nursing is regulated by these dual
controls, both of which are aimed at providing quality patient care. The
legal standards of care for I.V. nursing are derived from four sources: fed-
eral statutes and regulations, state statutes, professional standards, and
institutional standards. Sources of standards of care relative to infusion
nursing are listed in Table 1-1.

> Table 1-1 SOURCES OF STANDARDS OF CARE

Federal Regulations

Occupational Safety and Health Administration (OSHA)

Hazard communication standards; Guidelines for Antineoplastic Cytotoxic Drugs;
Occupational Safe Exposure to Bloodborne Pathogens: Final Rule

Food and Drug Administration (FDA)

Safe Medical Device Act

Drug Enforcement Agency (DEA)

Regulated Controlled Substance Act

Centers for Disease Control and Prevention (CDC)

Guideline for Prevention of Intravascular Device-Related Infections

State Regulations
Department of Health and Human Services
Licensure of healthcare facilities

Professional Standards of Care

American Nurses Association (ANA)

Standards of Nursing Practice

National Association of Vascular Access Networks (NAVAN)

Position statements

Infusion Nurses Society (INS)

Standards of Practice, 2000, for infusion nursing

Oncology Nurses Society (ONS)

Access device guidelines

Association for Professionals in Infection Control and Epidemiology (APIC)

Guidelines for infection control practices

Joint Commission on Accreditation of Healthcare Organizations (JCAHO)

Nongovernmental accreditation body defines standards for healthcare organizations

American Association of Blood Banking (AABB)

Technical manual for blood banking

Environmental Protection Agency (EPA)

Hazardous materials and medical waste tracking

Emergency Care Research Institute (ECRI)

Independent nonprofit agency dedicated to improving the safety, efficacy, and cost-effec-
tiveness of healthcare technology. Publishes monthly journal, Health Device System.

Sources: Alexander & Webster (2001); Moreau & Maney (2003).



Copyright © 2005 F.A. Davis Company

CHapTER T > Risk Management and Quality Patient Management " 1

Standards of nursing care reflect the missions, values, and philosophy
of the agency. Nursing processes, professional accountability, fiscal
responsibility, and other areas of care are included within these standards.
Standards of care describe the results or outcomes of care and focus on
the patient. These are called performance standards and should: (1)
include the minimum acceptable behavior for the nurse congruent with
department standards and standards of practice; (2) define performance
in observable, measurable behaviors; (3) be specific to the staff nurse role
and job description; (4) address all aspects of nurses’ roles, including lead-
ership and organizational expectations; and (5) serve as the basis for
employee selection decisions and the performance appraisal system.

There are three types of standards in nursing;:

1. Standards of structure, which consider the organizational frame-
work

2. Standards of process, which encompass patient procedures in
healthcare settings

3. Standards of outcome, which consider the objectives or goals of
patient care

For nurses who practice predominantly in the area of infusion ther-
apy, certification is advisable. Certification is the granting of special recog-
nition to nurses who have practiced and pursued an advanced role in a
particular area of nursing. A nongovernment agency or private organiza-
tion confers certification on nurses who have a higher level of competency
than that mandated by state licensure. Membership in the Infusion
Nurses Society (INS) and certification (CRNI) by the Infusion Nurses
Certification Corporation (INCC) are options to be considered.

Staying Current with Standards of Care
for Infusion Therapy

Whenever nurses administer infusion therapy they must know and con-
form to acceptable nursing standards established by the facility as well as
state and federal guidelines. The following list presents guidelines for
safeguarding practice:

B Know venous anatomy and physiology and appropriate vein selec-
tion sites.

B Use infusion equipment appropriately.

® Clarify unclear orders and refuse to follow orders you know are not
within the scope of safe nursing practice.

B Know the infusion indications, adverse responses, and special pre-
cautions or considerations for I.V. medications.

B Administer the medications or infusions at the proper or prescribed
rate and within the ordered intervals.
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B Assess the patient and monitor the I.V. site for complications; prop-

erly care for and maintain LV. catheters. Promptly notify the physi-

cian of I.V. complications.

Know and give appropriate treatments for complications.

Provide proper patient education.

Document all aspects of I.V. therapy, including patient teaching.

Follow your institution’s policies and procedures.

Abide by your state’s nurse practice act and national standards of

LV. practice, such as the Infusion Nurses Society Standards of

Practice and guidelines for the Centers for Disease Control and

Prevention and the Occupational Safety and Health Admin-

istration.

B Keep abreast of appropriate established research related to LV.
therapy (Satarawala, 2000).

Websites

JCAHO: www.jcaho.org

JCAHO perspectives on patient safety: wwuw.jcinc.com

Intravenous Nurses Society: www.ins1.org

National Institutes of Health: www.cc.nih.gov/nursing/nsgstand.html
Medical Malpractice Resource Page: www.helpquick.com/ medmal.htm
Internet Legal Resource Guide: wwuw.ilrg.com

Other sites:

Standards of Practice

Standards of practice focus on the provider of care and represent accept-
able levels of practice in patient care delivery. Like the standards of care,
practice standards address the clinical aspects of patient care services and
imply patient outcomes. Standards of nursing practice define nursing
accountability and provide a framework for evaluating professional com-
petency. Standards of practice are consistent with research findings,
national norms, and legal guidelines, and complement expectations of
regulatory agencies. These standards reflect commitment to quality
patient care and include generic and specialty standards of practice
(Sierchio, 2001).

Standards of Nursing practice (ANA) are universal for all types of
nursing; specialty standards are applicable to specific areas of practice
such as the Infusion Nursing Standards of Practice by the Infusion Nurses
Society (INS, 2000).
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Code of Ethics

A code of ethics acknowledges the acceptance by a profession of the
responsibilities and trust that society has conferred and recognizes the
duties and obligations inherent in that trust.

The Infusion Nursing Code of Ethics is based on the premise that
infusion nurses both individually and collectively practice with aware-
ness and that there are principles that guide the infusion nurse’s actions.
It is the purpose of the code to offer the infusion nurse a model for ethical
decision making. The principles used in ethical and moral decision mak-
ing are based on the following:

B Autonomy (right to self-determination, independence)
B Beneficence (doing good for patients)

B Nonmaleficence (doing no harm to patients)

B Veracity (truthfulness)

® Fidelity (obligation to be faithful)

B Justice (obligation to be fair to all people)

The infusion nurse should follow the ethical principles as stated in the
Infusion Nursing Code of Ethics. This code of ethics is designed to serve
as a helpful guide to assist the infusion nurse’s practice. The code includes
duties to the patient, duties to society, duties to the profession, and limi-
tations of the infusion nurse’s duties and obligations, while ensuring com-
passionate patient care (INS, 2000, S7; 2001).

HIPPA Privacy Rule

The U.S. Department of Health and Human Services (2003) issued the
Standards for Privacy of Individually Identifiable Health Information
(the Privacy Rule) under the Health Insurance Portability and
Accountability Act of 1996 (HIPAA) to provide the first comprehensive
federal protection for the privacy of personal health information. The
final rule went into effect in April, 2003. The Privacy Rule requires health-
care providers to take reasonable actions to safeguard protected health
information (PHI) and to discipline individuals who violate privacy poli-
cies. The Department of Health and Human Services is charged with
enforcing the HIPAA legislation. External consequences can mean fines
levied on the organization and the individual(s) involved and can include
jail time for disclosing PHI maliciously or for personal gain. This new rule
could potentially affect professional malpractice and has ethical as well as
legal ramifications for infusion nurses.

Website

U.S. Department of Health and Human Services: www.hhs.gov/ocr/hipaa/
finalreg.html
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The I.V. Nurse’s Role as Expert Witness

The role of expert witness is relatively new to the nursing profession. The
nurse acting as an expert witness strengthens the argument that nursing
is an autonomous profession in that no other profession can appropriately
judge the practice of nurses.

Serving as an expert witness involves a complex and extensive
process of examining evidence, reviewing pertinent nursing literature,
giving depositions, and testifying in court (Burkhardt & Nathaniel, 2002).
The role of the expert is NOT to establish standards of care. Rather, the
expert’s role is to educate the judge and jury regarding the standards
already established by the profession. Expert testimony increases with
the technical complexity of a case. Additional expertise, such as national
L V. certification or research experience, is also important.

The 2000 Revised Infusion Nursing Standards of Practice state that an
expert nurse is certified in LV. therapy: Certified Registered Nurse
Intravenous (CRNI). An expert nurse gives advice and consultation
throughout the litigation process.

@=> NURSING FAST FACT!

The specialty area of I.V. therapy is a high-risk technical area.

® Risk Management and Risk Assessment

The Revised Infusion Nursing Standards of Practice (INS, 2000) define
risk management as “a process that centers on identification, analysis,
treatment, and evaluation of real and potential hazards.” Risk assessment
is the scientific process of asking how risky something is. It is a process of
collecting and analyzing scientific data “to describe the form, dimension,
and characteristics of risk.” Risk assessment and risk management are
equally important but different processes, with different objectives, infor-
mation content, and results.

Risk management concepts include the concerns that organizations
face with exposure to losses. Organizations handle the chances of losses
or risks by financing, purchasing insurance, or practicing loss control.
Loss control consists of preventive and protective activities that are per-
formed before, during, and after losses are incurred. Risk manage-
ment involves all medical and facility staff. It provides for the review
and analysis of risk and liability sources involving patients, visitors, staff,
and facility property. Risk management consists of the following compo-
nents:
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B [dentification and management of clinical areas of actual and high
risk

® Identification and management of nonclinical (e.g., visitor, staff)
areas of actual and high risk

B Jdentification and management of probable claims events

® Management of property loss occurrences

B Review and analysis of customer surveys and patient com-
plaints

® Review and analysis of risk assessment surveys

B Operational linkages with hospital quality management, safety,
and performance improvement programs

B Provision of risk management education

B Compliance with state risk management and applicable federal
statutes, including the Safe Medical Devices Act (Clinical
Orientation Manual, 1998)

Risk assessment is performed by government agencies such as the
U.S. Environmental Protection Agency (EPA). Risk assessment takes dif-
ferent approaches depending on available information. Some assessments
look back to try to assess effects after an event. They may also look ahead
before a new product is approved for use.

JCAHO advocates establishing an integrated risk management and
quality assurance program.

Risk management strategies combine the elements of both loss reduc-
tion and loss prevention. Risk management strategies that may decrease
the risk of potential liability are as follows:

B Informed consent

® Unusual occurrence reports

B Sentinel events

® Documentation

B Professional liability insurance

B Patient relations

B Quality management (Alexander & Webster, 2001)

Informed Consent

One of the most effective proactive strategies taken in risk management is
informed consent. The purpose of informed consent is to provide
patients with enough information to enable them to make a rational deci-
sion regarding whether to undergo treatment. The focus is on a patient’s
understanding the procedure, not just signing consent to have the proce-
dure performed.

The right of self-determination provides the basis for informed con-
sent and is grounded in the bioethical principles of autonomy. A compe-
tent adult (competence to consent) is aware of the consequences of a
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decision and has the ability to make reasonable choices about health care,
including the right to refuse health care.

There are categories of necessary elements for informed consent and
informed refusal. The first category comprises the information elements.
This involves the disclosure of appropriate information. Generally, this
disclosure must include benefits and risks of procedure, alternative pro-
cedures, benefits and risk of the alternatives, and the qualifications of the
provider.

The second category consists of the consent elements. The consent
must be voluntary, not coerced. Consent can be manifested by conduct.
For example, the infusion specialist states, “I am going to restart your L.V.
now,” and the patient holds out his or her arm.

There may be limits to consent, such as waiver of consent: the patient
must know that options and risks exist even if he or she does not want to
know what they are. Other limits to consent include verbal limits; for
example, the patient may tell the infusion nurse, “Okay, I will let you try
to restart my L.V., but only once.”

The duty to obtain informed consent belongs to the person who will
perform the procedure, but also may belong to the licensed person who is
aware that the patient has not been informed, does not understand, or did
not consent. A breach of this duty may result in discipline for unprofes-
sional practice and/or a civil lawsuit for professional malpractice. If the
infusion specialist knows that consent does not exist or the patient is not
informed and has not waived that right, the infusion specialist must con-
sult with the ordering provider, and go up the chain of command for
assistance. Refer to Table 1-2 for elements necessary for informed consent
(Collins, 2001).

P INS Standard. The patient or a representative legally authorized

to act on the patient’s behalf shall be informed of potential compli-
cations associated with treatment or therapy. The nurse shall docu-

> Table 1-2 ELEMENTS NECESSARY FOR INFORMED CONSENT

Information Elements

Benefits and risks of the procedure
Alternative procedures

Benefits and risks of the alternatives
Qualifications of the provider

Consent Elements

Consent form on chart or waiver of consent

Consent is manifest by conduct; it is a voluntary process

Limits to consent

Waiver of consent: patient must know that options and risks exist even if he or she does
not want to know what they are.

Note: Exceptions to requirement for consent are emergency situations, and other situations such as crimes,
public safety, or healthcare worker safety (Collins, 2001).
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ment the information given and patient’s or legally authorized rep-
resentative’s response in the patient’s medical record. (INS, 2000, 11)

Unusual Occurrence Reports

Unusual occurrence reports should be filed every time there is a devia-
tion from the standard. These reports are simple records of an event and
are considered an internal reporting mechanism for performance
improvement. They should be reported to the superior staff member and
the episode must be objectively charted, but reference to the report should
not appear in the legal patient record.

The occurrence report should contain the following 10 key points:

. Patient’s admitting diagnosis

. Date when the incident occurred

. Patient’s room number

. Age of the patient

. Location of the incident

. Type of incident

. Nature of incident (e.g., medication error, mislabeling, misread-
ing, policy and procedure not followed, overlooked order on
chart, patient identification not checked). It should be noted (on
the unusual occurrence report) if a physician’s order was needed
after the occurrence.
8. Factual description of the incident
9. Patient’s condition before the incident

10. Results of the incident or injury

NSO Uk WN =

@=> NURSING FAST FACT!

Unusual occurrence reports are meant to be nonjudgmental, factual
reports of the problem and its consequences.

Unusual occurrence reports are useful for identification of patterns of
I.V. medication errors or potentially dangerous situations. Trend analysis
monitors patterns of their occurrences. Nursing staff members must feel
free to file reports; a report is not an admission of negligence. These
reports have the potential to save lives by identifying unsafe practices.
More than ever before, risk may be managed by prevention. In 1996, the
JCAHO implemented five indicators on medication use for its Indicator
Measurement System, a performance measurement system intended to
help evaluate the performance of healthcare organizations as part of its
survey and accreditation process.

P INS Standard. An Unusual Occurrence Report shall document
unusual or unanticipated occurrences or variances in practice. The
report should be shared with appropriate departments, such as risk
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management and performance improvement teams. The report
should result in specific quality and performance improvement
measures as required by organizational policies and procedures.
(INS, 2000, 16)

Documentation

Documentation provides legal accountability, communicates information
to other healthcare workers, provides information for reimbursement,
and assists with outcomes monitoring (Moureau & Maney, 2003).
Documentation should be an accurate, timely, and complete written
account of the care rendered to the patient. The healthcare record charts
the patient’s history, health status, and goal achievement. It should be
objective and completed promptly. Documentation should be legible and
include only standard abbreviations. Nurses and other healthcare
providers should keep charts free of criticism or complaints. There should
be no vacant lines in charts, and every entry should be signed. In an office
or home care environment, dates of return visit, canceled or failed
appointments, all telephone conversations, and all follow-up instructions
should be recorded on the chart.

Since the 1990s, the emphasis has been on quality improvement, with
a focus on evaluating organizational and clinical performance outcomes.
Documentation is one way of evaluating outcomes. The many formats for
charting include the problem-oriented medical record, pie charting, focus
charting, narrative charting, and charting by exception. Regardless of the
format developed for documenting infusion therapy, basic requirements
of the plan of care exist, including goals, actual and potential problems,
and nursing interventions and outcomes.

Documentation should include the number of attempts for each pro-
cedure, the patient’s response to the procedure, adverse events, actions
taken in the presence of complications, patient education provided, and
descriptive information given for the informed consent and the patient’s
response (Moureau & Maney, 2003).

The Infusion Nurses Society (2000, 17) Standards of Practice recom-
mend the following documentation guidelines:

® Type, length, and gauge of vascular access device

B Date and time of insertion, number and location of attempts, iden-
tification of site, type of dressing, and identification of the person
inserting the device

B Patient’s tolerance of insertion

B For midline (ML) and peripherally inserted central catheters
(PICCs): external catheter length, midarm circumference, effective
length of catheter inserted, and radiographic confirmation of the
location of catheter tip if required

B Site condition and appearance using standardized assessment
scales for phlebitis and/or infiltration/extravasation
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m Care of site

B Specific safety or infection control precautions taken

B Patient or caregiver participation in and understanding of therapy
and procedures

B Communication among healthcare professionals responsible for
patient care and monitoring

® Type of therapy; drug; dose; and rate, time, and method of admin-
istration

B Patient’s tolerance of therapy

B Pertinent diagnosis, assessment, and vital signs

B Client’s symptoms, response to therapy, and/or laboratory test
results

B Barriers to care or therapy and/or complications

B Discontinuation of therapy, including catheter length and integrity,
site appearance, dressing applied, and patient tolerance

’ INS Standard. Documentation shall be legible, accessible to
qualified personnel, and readily retrievable. The protocol for docu-
mentation should be established in organizational policies and pro-
cedures. (INS, 2000, 17)

® Developing and Participating in
Product Evaluation

Product Problem Reporting

In 1990, the Medical Device Act was amended to clearly place responsi-
bility for ensuring that medical devices in domestic commercial distribu-
tion are safe and effective for their intended purposes.

The infusion nurse specialist plays an important role in the product
selection and evaluation processes. Ongoing evaluation of products in use
is important in the delivery of high-quality patient care. The infusion
nurse specialist’s participation with his or her colleagues from other
departments enhances commitment to the specialty and to the facility
(Alexander & Webster, 2001).

The Food and Drug Administration (FDA) regulates products in the
United States, including over-the-counter and prescription drugs and
pharmaceuticals, food, cosmetics, veterinary products, biologic devices,
and medical devices. Nurses use many medical devices and are usually
the primary reporters of device problems.

The following are examples of medical device problems related to I.V.
therapy practice:

B Loose or leaking catheter hubs
B Occluded cannula

B Defective infusion pump tubing
B Contaminated infusates
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B Misleading labeling
B Inadequate packaging
B Cracked or leaking L.V. solution bag

When to Report

Participation in product evaluation is an ongoing responsibility of profes-
sional practitioners. Inappropriate use of medical devices may contribute
to pain and suffering. The FDA evaluates approximately 2000 medical
devices each month. Devices are inspected on three levels:

1. Good manufacturing controls
2. Application for a device existing before 1976 and in common use
3. Implantable or hazardous devices

The simple act of “gerryrigging” or otherwise manipulating a device
to overcome a small problem results in the liability for problems arising
from use of that piece of equipment residing with the institution. The law
states that the responsibility shifts to the institution when a practitioner
interferes with the design of a piece of equipment.

What to Report

Report any problems with medical devices if the event observed involves,
or has the potential to cause, a death, serious injury, or life-threatening
malfunction. In 1992, a congressional hearing focused on needle safety, a
needleless system, and safe medical devices. Since this hearing, the
Occupational Safety and Health Administration (OSHA) and the Centers
for Disease Control and Prevention (CDC), along with the FDA, have
been collaboratively reviewing the issue of safe medical devices. OSHA
expects hospitals to have an ongoing system in place to evaluate safer
medical devices.

Report a complete description of the problem. Information regarding
the device needs to be submitted, including:

B Product name

B Manufacturer’s name and address

B [dentification numbers of the device (lot number, model number,
serial number, expiration date)

Problem noted

Name, title, and practice specialty of the device’s user

How to Report

To report serious adverse events and problems with all medical products
to MedWatch, complete their postage-paid form or contact them via tele-
phone (800-FDA-1088), fax (800-FDA-1088), or their Website (www.fda.gov/
medwatch/report/hcp.htm).
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@=> NURSING FAST FACT!

Use facilities under the Safe Medical Device Act (SMDA) of 1990 are
legally required to report suspected medical device-related deaths to both the
FDA and the manufacturer, if known, and serious injuries to the manufacturer or
the FDA if the manufacturer is unknown. Health professionals within a user facil-
ity should familiarize themselves with their institution’s procedures for SMDA
reporting. The MedWatch form can be downloaded from the FDA’s Website.

P INS standard. Infusion Nursing Standards of Practice (2000)
address the nurse’s role in product evaluation, product integrity,
and product defect reporting. (Standard 18, 19, 20, 2000)

® Performance Improvement and Quality
Patient Management

Quality assurance (QA) may be defined as the determination of the
degree of excellence through monitoring and evaluation to detect and
resolve problems.

Risk Management + Quality Assurance = Quality Management

Quality management is a systematic process to ensure desired
patient outcomes. A quality management program includes both risk
management and quality assurance and is established to objectively iden-
tify, evaluate, and solve problems associated with 1.V. patient treatment
modalities.

Quality assurance requirements have always been a part of JCAHO's
accreditation process, but introduction of the Agenda for Change in 1986
shifted the emphasis from problem-solving endeavors to continuous
improvement of quality. With this shift, JCAHO initiated the transition
from QA to continuous quality improvement (CQI). The goal was to cre-
ate outcome monitoring and evaluation processes to assist organizations
in improving the quality of care. QA frequently focuses solely on the clin-
ical aspects of care rather than on the interrelated managerial, gover-
nance, support, and clinical processes that affect patient care outcomes.
Quality cannot be assured; it can only be assessed, managed, or
improved. Dennis O’Leary, JCAHO president, has admitted that, in retro-
spect, quality assurance was an “unfortunate semantic selection because
it does not accurately reflect JCAHO's vision of quality.”

Beginning in the 1980s, healthcare consumers, third-party payers, and
healthcare providers began looking at positive patient outcomes as a
measure of quality. JCAHO was the driving force in this movement, along
with peer review organizations (PROs), Medicare and Medicaid reim-
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bursement regulations, federal and state laws, and court interpretations of
liability and private health insurers” standards. In the early 1980s, guide-
lines initiated by JCAHO were formed to provide a nursing quality assur-
ance (NQA) committee. This committee recognized that QA had to be
ongoing to ensure high-quality patient care. The committee in each facil-
ity should include management, chief nursing officers, and staff mem-
bers. NQA focuses on two endeavors: checking achievement of standards
and solving patient care problems.

In 1995 JCAHO changed the wording of continuous quality improve-
ment to performance improvement (PI). The goal of improving organi-
zation performance is to continuously improve patient health outcomes.

Approaches to Quality Management

Assessing the achievement of nursing care standards involves measuring
the quality of care provided. This is part of the nursing process: observing
care delivered, assessing patient satisfaction, documenting care received,
and evaluating outcomes based on short- and long-term goals. Involving
staff in quality assessments can increase their awareness of stan-
dards, as well as enhance their assessment skills. Three approaches to out-
come are CQI; total quality management (TQM); and the newest
approach, performance improvement (PI).

Continuous Quality Improvement

CQl is an approach to quality management that builds on the traditional
QA models. This approach was first introduced in 1992 as an effective
way to improve the quality of health care. In 1992, JCAHO first intro-
duced standards that mandated CQI methodology from hospitals receiv-
ing accreditation surveys. CQI broadens the focus to all facets of an
organization that affect patient outcomes, not just to those that affect the
clinical aspects of care. An essential characteristic of CQI is that it is con-
tinuous; outcomes are never optimized but may be constantly improved.
A distinctive feature of CQI is that it emphasizes improvement in the
interdisciplinary processes involved in patient care delivery. CQI incor-
porates leadership principles from TQM and has become the central
theme or standard in health care.

Performance Improvement

The use of outcomes and other performance measures complements the
application of standards and completes the quality equation. Performance
results usually validate the fact that an organization did the right things
and provide the baseline stimulus for future quality improvement activi-
ties (JCAHO, 2000).
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Performance is what is done and how well it is done to provide health
care. Characteristics of what is done and how well it is done are called
dimensions of performance.

Doing the right thing includes:

B The efficacy of the procedure or treatment in relation to the client’s
condition

® The appropriateness of a specific test, procedure, or service to meet
the client’s need

Doing the right thing well includes:

B The availability of a needed test, procedure, treatment, or service to
the client who needs it

B The timeliness with which a needed test, procedure, treatment, or
service is provided to the client

B The effectiveness with which tests, procedures, treatments, and serv-
ices are provided.

B The continuity of the services provided to the client with respect to
other services, practitioners, and providers over time

B The safety of the client and others to whom the care and services are
provided

B The efficiency with which care and services are provided (JCAHO,
2000)

B The respect and caring with which care and services are provided

In 1998, JCAHO established standards, scoring, and aggregation rules
for improving organization performance. The standards can be down-
loaded from their Website.

Website
JCAHO: www.jcaho.org/standard/Itc-pi.html

Other sites:

Total Quality Management

With the shift from QA to CQI and now to PI, healthcare organizations
have recognized that quality is not a fixed commodity defined by health-
care professionals but is a strategic mission that must be shared by the
entire organization. Total quality management (TQM) is an outgrowth of
several healthcare organizations that have adopted a management system
fostering continuous improvement at all levels and for all functions by
focusing on maximizing customer satisfaction. TQM and CQI share many
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characteristics; however, unlike CQI, TQM is not unique to health care. It
requires that those in top management be committed to the program and
provide a clear vision for the organization; employees must participate
actively in the quality improvement process. TQM contributes to a posi-
tive work environment, fosters collaboration, and promotes teamwork to
enhance interdepartmental communication (Sierchio, 2001).

The quality improvement process may be performed by using
lengthy studies, short-term sampling, or problem solving with documen-
tation and reporting. Three categories are used to create a model for qual-
ity management, and each is linked as a measurement of quality patient
care. The three categories are structure, process, and outcome.

Structure

Structure consists of the conditions and mechanisms that provide support
for the actual provision of care. This is defined as evaluation of resources,
both material and human. Material resources are classified as facilities,
equipment, mission, philosophy, goals of organization, and financial
resources. Human resources include the number and qualifications of
nurses performing I.V.-related procedures.

Process

Process denotes what is actually done in giving and receiving care.
Process is a goal-directed, interrelated series of actions, events, mecha-
nisms, or steps. It includes a patient’s activities in seeking care, data col-
lection, and a practitioner’s activities in making a nursing diagnosis,
along with evaluation of actual performance of procedures. This link sets
the standards by which evaluation can take place. Process standards focus
on job descriptions, performance standards, procedures, and protocols.

Outcome

Outcome denotes the effect of care on the health status of patients. The
result of the performance (or nonperformance) of a function or process
is the outcome. Improvements in a patient’s knowledge and changes in
his or her health status are components of outcome criteria. The assess-
ment of outcomes is a method by which quality of care is established.
Outcome in the practice of I.V. therapy should reflect final results of the
therapy, including patient recovery and rates of complications. Table 1-3
presents an example of a quality management model for catheter-related
sepsis.

In summary, the goals of PI are to (1) prevent complications,
(2) decrease morbidity and mortality, (3) decrease cost, (4) shorten hospi-
tal stays, (5) increase patient comfort, and (6) increase patient knowl-
edge.
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> Table 1-3 EXAMPLE OF QUALITY MANAGEMENT MODEL:
CATHETER-RELATED SEPSIS

Structure (equipment)
m Aseptic equipment available for insertion of I.V. therapy
= Experience of clinician inserting line

Process
m Before line insertion, the site is prepared per policy and procedure by nurse
= LV. lines are assessed for continued need after 72 hours

Outcome
m The rate of catheter-related sepsis will be less than X% (Percentage determined by hospital,
patient population, and experience of clinician inserting lines.)

Helpful guidelines for evaluation of PI include the following:

m Centers for Disease Control (CDC), Guidelines for Prevention of
Intravascular Infections

B Infusion Nurses Society (INS), Revised Infusion Nursing Standards
of Practice, 2000

B Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) Performance Standards for I.V. Therapy

B American Association of Blood Banking (AABB)

Evidence-Based Practice

Current trends in nursing reflect an emphasis on evidence-based prac-
tice. The goal of evidence-based nursing (EBN) is to apply valid and reli-
able nursing research to clinical practice. A further goal is to bring the
most current knowledge to clinicians. This is particularly important in
light of the knowledge explosion in nursing and health care (Sisk, 2002).

Sources of information for clinical decision making include textbooks,
journals, bibliographic databases, distilled information presented in the
journal Evidence-Based Nursing, and Internet sites.

The methodology of EBN is comparable to that of evidence-based
medicine, the problem-solving process. Evidence-based nursing is a five-
step process:

1. Construct a relevant, answerable question from a clinical case.

2. Plan and carry out a search of the literature for the best external
evidence.

3. Critically appraise the literature for validity and applicability.

4. Apply the evidence to your clinical practice.

5. Evaluate your performance.

Evidence-based practice has developed in the United States as a result
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of the emphasis on clinical research and the establishment of the National
Institute for Nursing Research in the 1980s. EBN is an international move-
ment, with leadership from nurses in the United Kingdom, the United
States, Australia, New Zealand, and Germany:.

Websites

Center for Evidence-Based Nursing: www.york.ac.uk.healthsciences/cen-
tres/evidence/celon.htm
Journal of Evidence-Based Nursing: wwuw.ebn.bmjjournals.com
Evidence-based filters for Ovid CINAHL: www.urmc.rochester.edu/
Miner/Educ.ebnfilt.htm
University of Minnesota: Evidence-Based Nursing: www.evidence.ahc.umn.
edu/ebn.htm
Using LV. therapy-related research studies to develop changes in pro-
cedure or policy, along with published standards such as Infusion Nurses
Standards of Practice, is one way to apply evidence-based practice to infu-
sion practice. The application of research to practice is important; how-
ever, it requires an investment of attention, methods, and resources to
achieve the best outcomes for a specific patient population.

Benchmarking

Benchmarking is the collection and monitoring of key indicators that are
reflective of a program’s clinical performance (Galloway, 2002).
Consumers are now more aware of healthcare organization quality indi-
cators, such as morbidity and mortality. If an organization cannot demon-
strate its own quality care measures, it risks losing patients and managed
care contracts. This has propelled benchmarking into the realm of com-
mon business practice as a tool to enhance leverage within industry mar-
kets (Tran, 2003).

Problem-based benchmarking targets efforts toward improving spe-
cific concerns, such as improving medication error rate or decreasing
patient waiting times. More recently, facilities are turning to process-
based benchmarking, which entails targeting continuous improvement of
key processes.

Managers can benchmark to help decide a variety of factors: where to
allocate resources more efficiently, when to seek outside assistance, how
to quickly improve current operations, and whether customer require-
ments are being adequately met.

Benchmarking can be used in infusion therapy to validate infusion
therapy teams. By monitoring pertinent patient outcomes related to vas-
cular access devices (VADs), facilities that use benchmarking can expect
to see fewer problems with VADs, less difficulty starting catheters, less
stress for patient and staff, less waiting time for central lines, less inter-
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ruption of prescribed therapy, a shorter length of hospital stay, and
increased patient and staff satisfaction (Galloway, 2002).

Barcoding

A new, advanced technological step to reduce and prevent medication
administration errors is barcode-enabled point-of-care (BPOC) technol-
ogy. It includes standard reports that reflect errors made, errors pre-
vented, and reasons why nurses overrode warning messages. This quality
improvement strategy to prevent medication errors is one step toward
performance improvement (Douglas & Larrabee, 2003).

% Developing Nursing Competency Standards

Competency Standards

JCAHO (2000) defines competency as “a determination of an individual’s
capability to perform expectations.” A competent nurse in L.V. therapy is
well qualified by education and capable of performing L.V. therapy in
an exact and effective manner using the appropriate knowledge of nurs-
ing, technical expertise, and specialized skills (Dugger, 1997). Within the
educational context, competency may be defined as a simultaneous
integration of the knowledge, skills, and attitudes required for perform-
ance in a designated role and setting. In developing standards, it is impor-
tant to have a clear understanding of terms such as competent and
competency.

The practice setting for I.V. therapy delivery is as varied as the patient
populations served by this specialty practice. In treatment of patients
ranging from hospitalized neonates to elderly persons in extended care
facilities or private homes, the competencies of nurses and the combina-
tion of knowledge, skills, and abilities necessary to fulfill the role of a
nurse administering LV. therapy span all ages and disease processes.
Basic competencies are intended to serve as guidelines for practicing
nurses and to assist in designing orientation and continuing education
programs (Delisio, 2001).

LV. nursing is defined as using the nursing process relating to techni-
cal and clinical application of fluids, electrolytes, infection control, oncol-
ogy, pediatrics, pharmacology, quality assurance, technology and clinical
applications, parenteral nutrition, and transfusion therapy (Delisio, 2001).
The practice of L.V. nursing encompasses the nursing management and
coordination of care to the patient in accordance with:

1. State statutes
2. INS standards of practice
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3. Established institutional policy
4. JCAHO requirements

Elements
Elements of I.V. nursing competency include:

1. Accountability: The role of L.V. nurses implies that nurses are
astute and knowledgeable enough to adjust their interventions
(i.e., interference that may affect outcome) to accomplish short-
and long-term care goals.

2. Communication: Exchange of information allows everyone
involved in the patient’s care to make intelligent decisions based
on complete data and professional collaboration.

3. Collaboration: JCAHO demands multidisciplinary involvement at
all levels of patient care. I.V. leaders must develop the skills of col-
laboration, consultation, and negotiation to achieve positive
patient outcomes.

4. Autonomy: Nurses can have increased autonomy by being
allowed to make certain decisions independently (Dugger, 1997).

Competency-Based Educational Programs

Competency-based educational programs establish specific goals,
accountability, individualization, and behaviors for practitioners by
defining clear expectations for levels of performance. The responsibility of
ensuring a competent staff often falls to the institution in which a nurse is
practicing. A framework for developing staff competencies and ensuring
that the institution is delivering safe care includes:

Development of standards

Development of skills test

Assessment of learning needs

Establishment of a plan of educational programs
Presentation of educational programs
Evaluation of learning outcomes

Competencies should be directed toward essential mandatory aspects
of performance, have measurable clinical behaviors, include evaluation
mechanisms, and test cognitive performance criteria. A competency pro-
gram can consist of self-assessment, skill checklist, self-study modules,
written examinations, and program evaluation (Rudzik, 1999).

Three-Part Competency Model
A three-part competency model includes:

1. Competency statement: Statement that reflects a measurable goal
2. Domains of learning criteria: Cognitive criteria (knowledge base)
and performance criteria (psychomotor skills: observed behaviors)



Copyright © 2005 F.A. Davis Company

CHapTER T > Risk Management and Quality Patient Management ® 29

3. Evaluation and learning outcomes: Written tests, return demon-
strations, and precepted clinical experience

This model will be used in each chapter of this book as a framework
for assessing competency of L.V. practitioners.

All professional nurses are accountable and responsible for all parts
of the tasks associated with L.V. therapy and for tasks that are delegated
to the licensed practical nurse or technician for care rendered to the
patient while under care (Dugger, 1997). The three-part competency
model is an effective tool for ensuring competent practice. A competency-
based educational model requires developing the three major parts of the
model: the competency statement, the performance criteria, and the eval-
uation and learning options.

Competency Validation Program

The competency validation program (CVP) is based on current literature
related to competency programs and reflects the work of Nursing
Department Shared Governance Committees, the Nursing Department
Education Center, and other Nursing Department staff. The CVP pre-
sumes that both professional and nonprofessional direct care providers
are responsible and accountable for their practices and the outcomes of
their patient care and other work (NIH, 2003). The CVP is available on the
National Institute of Health’s (NIH’s) Website. Refer to Table 1-4 for Core
Competency Guidelines.

Website

National Institute of Health: wwwohrm.cc.nih.gov/train/competency

> Table 1-4 CORE COMPETENCY GUIDELINES

Core competency (CC) must be written as a performance element.

Acceptable Methods of Assessing Competency

Direct observation by a supervisor, designated evaluator, instructor, or preceptor while the
employee/student demonstrates the skill in the work setting

Observation by a supervisor, designated evaluator, instructor, or preceptor while the
employee/student demonstrates the skills in simulated settings, such as skill labs and
mock drills.

Direct observation and return demonstration may be supplemented with other forms of
assessment such as tests. The testing should not be the primary means of assessment.

Documentation of Competency

Competency assessments will be documented

Assessment of core competencies will be documented on the CC Performance
Enhancement Plan (PEP)

Use of department competency checklist or a department job/specific competency

Source: NIH (2003).
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@=> NURSING FAST FACT!

The NIH strongly recommends a “customer service” competency.

The core competencies for customer service as identified by the NIH
(2003) apply to any setting; however, to provide for positive patient out-
comes and avoid litigation, the following guidelines should be part of the
nursing competencies for any facility: The nurse anticipates, assesses,
and responds effectively to the needs of diverse customers both internal
and external, making excellent customer service the first priority.

P INS standard. Clinical competencies should be in accordance
with the state Nurse Practice Act and Infusion Nursing Standards of
Practice. (INS, 2000, 5)

% Occupational Risks

Two types of occupational hazards are associated with L.V. therapy: bio-
logic and physical hazards. Inserting intravenous catheter lines, giving
injections, handling and discarding sharps, and assisting with sterile pro-
cedures and many other high-risk procedures are an ordinary part of the
daily practice regimen for nurses, especially those specializing in infusion
therapy (Monarch, 2002).

Biologic Hazards

Hazards of bloodborne pathogens must be communicated to infusion
nurses during training. Training should include information on blood-
borne pathogens, as well as OSHA regulations and employers” exposure
control plans. Healthcare employees face a significant risk as the result of
occupational exposure to materials that may contain bloodborne
pathogens, including hepatitis B virus (HBV), which causes hepatitis B (a
serious liver disease) and human immunodeficiency virus (HIV), which
causes acquired immunodeficiency syndrome (AIDS).

According to OSHA (2001), percutaneous injury with exposure to
HIV- or HBV-infected blood in healthcare workers has accounted for 80
percent of occupational exposures, with 20 percent occurring before or
during the use of needles and up to 70 percent after use and before dis-
posal. Most needlestick injuries result from using unsafe needle devices
rather than from carelessness by healthcare workers. Safer needle devices
have been shown to significantly reduce needlestick injuries and expo-
sures to potentially fatal bloodborne illnesses (CDC, 2001).
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Factors that significantly increase infusion nurses’ potential for expo-
sure to HIV, HBV, and hepatitis C virus (HCV) include:

1. Use of hollow-bore catheters (over the needle catheters)

2. The increasing use of central line catheters in the hospital and
home environment

3. The increasing number of nurses placing peripherally inserted cen-
tral catheters (PICCs) in various settings

4. The expanding application of implantable vascular access
catheters with manipulation of needles to access and de-access
these devices

Exposure can be minimized or eliminated using a combination of
engineering and work practice controls, personal protective clothing and
equipment, training, medical surveillance, hepatitis B vaccination, signs
and labels, and other provisions (OSHA, 2001).

Prevention of Exposure to Bloodborne Pathogens
STANDARD PRECAUTIONS

Nurses should follow standards established by OSHA regarding glove
wearing and handwashing practices. All bodily secretions, and therefore
fluids from patients, are potentially infectious. All personnel who have
contact with patients must adhere to strict guidelines.

The National Institute for Occupational Safety and Health Rules for
Occupational Exposure to Bloodborne Pathogens Standard enforces
amended regulations regarding standard precautions (NIOSH, 2000b).
OSHA's new standard makes universal (standard) precautions fully
enforceable for the first time and spells out what inspectors will look for.
Healthcare workers should be aware of how the rules are observed in
each agency. The CDC established an additional system of isolation pre-
cautions. This new concept was adopted in 1996. Unlike universal pre-
cautions, which list “certain” body fluids as posing possible risks for
transmission of bloodborne pathogens, standard precautions take a
broader approach to the protection of medical staffs and patients. These
new guidelines contain two tiers of precautions: standard and transmis-
sion based. Standard precautions combine the major features of universal
precautions and body substance isolation (CDC, 2001).

For further information on infection control practices, see Chapter 2,
Infection Control.

NEEDLELESS SYSTEMS

The Needlestick Safety and Prevention Act of November 2000, which took
effect in April of 2001, reinforces the need to use safe needles to reduce
injuries. Needleless systems and needle safety systems are the state-of-
the-art technology of needle systems and are used to connect I.V. devices,
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administer infusates and medications, and sample blood. Estimates indi-
cate that 600,000 to 800,000 needlestick and other percutaneous injuries
occur annually in the United States (EPINet, 2000).

Needlestick injuries are associated with recapping the needle,
improperly discarding the needle, carelessness, and accidents while per-
forming tasks. Needlestick injuries can lead to exposure to HIV, HBV,
HCV, and cytomegalovirus (CMV).

Properly designed safer needle devices provide:

B A barrier between the hands and the needle after use

B A means to allow or require the worker’s hands to remain behind
the needle at all times

Safety features integral to the device itself rather than as accessories
A feature that is in effect before disassembly

Simple and easy operation with little or no training

Minimum interference with the delivery of patient care

NOTE > Safety features for needleless and needle protection systems are dis-
cussed in detail in Chapter 6.

Exposure Prevention Information Network (EPINet) is a program
that includes manuals and software, data collection tools, and tracking
and reporting systems for surveillance of bloodborne exposures to track
device injuries and evaluate the efficacy of safer needle devices.

POSTEXPOSURE PrOPHYLAXIS (PEP)

Healthcare organizations should have a plan in place before an exposure
occurs. This can be easily derived from the CDC updated guidelines of
June 2001 (CDC, 2001). The following are essential elements in respond-
ing to an actual event:

1. Refer to the exposure plan for the organization.

2. Wash the wound or flush mucous membrane with water or saline.
3. Report the exposure to the appropriate department or individual
ASAP.

Evaluate the risk of exposure.

Evaluate the source patient.

Evaluate the exposed person.

Make a decision about prophylaxis or therapy.

Make plans for follow-up (Tice, 2002).

® NGB

Resources

EPINet: 800-528-9803

CDC Bloodborne pathogen PEP hotline: 800-893-0485

National Clinicians” Postexposure Prophylaxis hotline: 888-448-4911
Hepatitis Hotline: 888-443-7232
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Websites

Needlestick information: UCLA Website: www.needlestick.mednet.ucla.
edu

OSHA: www.osha.gov (See Safer Needle Devices, Protecting Health Care
Workers)

National Clinicians” Postexposure Prophylaxis: www.ucsf.edu.hiventr

CDC Hepatitis Branch: www.cdc.gov/ncidod/disease/hepatitis/ hepatitis.htm

EPINet: www.med.virginia.edu

Other sites:

Physical Hazards

Physical hazards associated with L.V. therapy include (but are not limited
to) abrasions, contusions, chemical exposure, and latex allergy.

Abrasions and Contusions

Abrasions and contusions can be caused by needlesticks and contact with
broken glass, sharp edges of containers, or any jagged-edge item. Small or
undetected skin abrasions can be potential portals for microorganisms or
viruses such as Staphylococcus aureus, herpes simplex, and HIV. Use cau-
tion when assembling and manipulating I.V. equipment. Excellent hand
hygiene practices following CDC guidelines and use of barrier precau-
tions prevent the invasion of microorganisms.

Chemical Exposure

OSHA published guidelines for the management of cytotoxic (antineo-
plastic) drugs in the workplace in 1986. Since that time, surveys indicated
further clarification was needed in management of exposure to chemicals.
OSHA revised its recommendations for hazardous drug handling in 1995.
To provide recommendations consistent with current scientific knowl-
edge, the information was expanded to cover hazardous drugs, in addi-
tion to the cytotoxic. The recommendations apply to all settings in which
employees are occupationally exposed to hazardous drugs (OSHA, 2001).

Hazardous drugs (HDs) have demonstrated the ability to cause chro-
mosome breakage in circulating lymphocytes and mutagenic activity in
urine, along with causing skin necrosis after surface contacts with
abraded skin or damage to normal skin. It is recommended that nurses
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preparing HDs wear surgical latex gloves (double gloves if these do not
interfere with techniques) and wear a protective disposable gown made
of lint-free, low-permeability fabrics with closed front, long sleeves, and
elastic or knit-closed cuffs when indicated. Because surgical masks do
not protect against inhalation of aerosols, a biologic safety cabinet or an
air-purifying respirator should be used when preparing HDs. A plastic
face shield or splash goggles should be worn if a biologic safety cabinet is
not used (OSHA, 1999).

NOTE > Chapter 14 discusses steps in handling hazardous drugs.

Latex Allergy

Natural rubber latex allergy is a serious medical issue for healthcare
workers. Latex allergy develops with exposure to natural rubber latex, a
plant cytosol that is used extensively to manufacture medical gloves and
other medical devices. Allergic reactions to latex range from asthma to
anaphylaxis that can result in chronic illness, disability, career loss, and
death. There is no treatment for latex allergy except complete avoidance
of latex. Patients and healthcare providers must be assured of safety from
sensitization and allergic reaction to latex (ANA, 1997).

Latex allergy affects between 8 percent and 12 percent of workers in
all health disciplines who are regularly exposed to latex. In the healthcare
industry, workers at risk of latex allergy from ongoing latex exposure
include physicians, nurses, aides, dentists, dental hygienists, operating
room employees, laboratory technicians, and housekeeping personnel
(OSHA, 1999).

Latex allergy is a type I immunoglobulin E (IgE)-mediated hypersen-
sitivity reaction that involves systemic antibody formation to proteins in
products made of natural rubber latex. Natural rubber latex is harvested
commercially from the rubber tree, Hevea brasiliensis, and used to manu-
facture rubber products. Natural rubber latex contains up to 240 poten-
tially allergenic protein fragments.

Nurses working in infusion therapy are at risk because of the com-
mon routes of exposure. The routes of exposure for latex reaction for infu-
sion specialists include aerosol and glove contact. Aerosolized latex
exposure may be the greatest danger for those with type I latex allergy
caused by respiratory distress (Gritter, 1999). For healthcare workers, the
exposure route can be powder released in the air during the removal of
powdered latex gloves. Latex proteins are carried on the powder from
gloves and latex balloons and can remain airborne for as long as 5 to 12
hours. Frequent use of gloves during the insertion and maintenance of I.V.
therapy increases the risk of sensitization. Radioallergosorbent testing
(RAST) immunoassay is a blood test that measures the serum level of
latex-specific IgE.
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P INS Standard. Latex exposure should be minimized. Healthcare
workers and patients are provided education regarding latex allergy
or sensitivity and methods to minimize risk of exposure. Nonlatex
personal protective equipment is provided to latex-sensitive individ-
uals. Nonlatex supplies and equipment shall be used on patients
who have or may have latex allergy or sensitivity. (INS, 2000, 34)

Those sensitive to latex should take the following precautions:

B Avoid all contact with latex.

® Carry auto-injectable epinephrine.

B Wear a medical identification bracelet.

B Negotiate with hospitals and providers in advance for latex-safe
healthcare delivery (NIOSH, 1999).

To reduce the risk of an allergic response, avoid using hand lotions or
lubricants that contain mineral oil, petroleum salves, and other hydrocar-
bon-based gels or lotions to prevent the breakdown of the glove material
and maintain barrier protection. Do not reuse disposable examination
gloves because disinfecting agents can damage the barrier properties of
gloves. Following hand hygiene guidelines is recommended after gloves
are removed and before a new pair is applied. Gloves should not be
stored where they will be subjected to excessive heat, direct ultraviolet or
fluorescent light, or ozone (NIOSH, 2000a).

NONLATEX GLOVES

Nonlatex gloves made of alternative materials, with barrier protection
equal to or better than that of latex gloves, are available. The protective
characteristic of each material must be taken into consideration in rela-
tionship to the purpose for which the glove will be used (HealthCare
Without Harm, 2001).

Information on how to select medical gloves and a list of nonlatex
glove alternatives are available from the Sustainable Hospital Project
(SHP) at University of Massachusetts Lowell.

More information about requirements for medical gloves can be
found in the Medical Glove Guidance Manual (publication FDA 99-4257)
formerly known as Guidance for Medical Gloves: A Workshop Manual
(Center for Devices and Radiological Health, 1999). The manual is avail-
able in the July 30, 1999 Federal Register, or you can obtain the rules from
the Center for Devices and Radiological Health’s Fact on Demand system
(800-899-0381). Further information can be obtained from HealthCare
Without Harm (202-234-0091).

Websites

HealthCare Without Harm: www.noharm.org
Medical Glove Guidance Manual: www.fda.gov/cdrh/manual/ glovmanl.pdf
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Latex Allergy: wwwlatexallergyrn.com

Latex Allergy: wwwlatexalergyresources.org

National Institute of Health: www.nlm.nih.gov/medlineplus/latexallergy.html

NIOSH alert: www.cdc.gov/niosh/latexalt.html

Sustainable Hospital Project (SHP) at University of Massachusetts Lowell:
www.sustainablehospital.org

Other sites:

. Patient Education

State nursing boards mandate patient education by including it in their rules
and regulations. Failure to adhere to these stipulations constitutes a violation
of state law. JCAHO also has measurement criteria for evaluation of hospitals
and home care agencies on patient education practices.

Although detailed instructions and explanations are presented to a
patient, the patient may refuse treatment.

m Home Care lssues

Creating a safe home care environment for a nurse visiting a patient is part of
the risk management for home care. Nurses in alternative settings must be
aware that they have the same occupational risks as hospital-based nurses: bio-
logic hazards, latex allergy, needlestick injury, and chemical exposure, as well
as the increased risks of physical hazards. The home care setting places nurses
at risk of exposure to a variety of external hazards.

The HIPAA privacy act pertains to all healthcare settings; therefore, confi-
dentiality has the same legal boundaries in the home care setting as in the
hospital.

There are four models of alternate-site infusion therapy:

1. The Home Infusion Model: A community-based provider licensed as a
pharmacy that provides both pharmaceutical services and nursing
services as well as equipment and supplies. The home infusion
provider may also contract with a nursing agency to provide the home
nursing visits.

2. The Physician’s Office Model: A physician’s office-based infusion cen-
ter. The patient travels to the office to receive his or her infusion care.
Sometimes a patient is taught to self-infuse by the nursing staff at the
physician’s office and may go home with extra medication to self-
administer at home.
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3. The Ambulatory Infusion Center (AIC): A facility that operates as a
department of a hospital system or a free-standing infusion center that
operates in conjunction with a pharmacy provider. (Free-standing AICs
cannot be reimbursed by Medicare or Medicaid.)

4. The Specialty Pharmacy Provider Model: Pharmaceuticals are mailed to
the patient from a centralized pharmacy provider. This model is often
used for patients with chronic conditions who have learned to self-
infuse. In some cases the specialty pharmaceutical provider also con-
tracts with a local nursing agency to perform the infusion or to teach the
patient to self-infuse.

| Key Poi

B Primary sources of law include constitutional statutes, administrative
law, and common law. (Civil and criminal law are the two main classi-
fications directly related to nursing practice.)

B Common torts in the nursing practice of 1.V. therapy: Coercion of a
rational adult patient to place an L.V. cannula device constitutes assault
and battery.

B Nurses must understand the elements of malpractice (including duty,
breach of duty, causation, and harm) to recognize situations of liability
and litigation.

B Breaches of duty related to infusion therapy include:

m Delay in administration of medication
m Unfamiliarity with the drug

m Inappropriate route of administration
m Failure to qualify orders

m Negligence in patient teaching

B LV. nurses testifying as expert witnesses should be certified in infusion
therapy (i.e., have their CRNI).

m Categories of risk management include:

Identifying patterns of risk through internal audits and tracking

Reporting individual risk-related incidents

Developing and participating in product evaluation systems

Monitoring patient care

Preventing events most likely to lead to liability

B Strategies for risk management include:

m Understanding laws that govern practice

m Establishing nursing standards of practice

m Obtaining informed consent

m Developing and participating in product evaluation
m Developing nursing competency standards

= Documentation

s Competency standards
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B Approaches to quality management include:

m Performance improvement (PI)
m Continuous quality improvement (CQI)
m Total quality management (TQM)

B Competency-based educational programs establish goals, accountabil-
ity, and behaviors for practitioners. The framework for developing staff
competencies includes:

Developing standards

Developing skill lists

Assessing learning needs

Planning educational programs

Presenting educational programs

Evaluating learning outcomes

B Three-part model
m Step 1: Critical behaviors are identified and competency standards

written.
m Step 2: Steps of performance criteria are made.
m Step 3: Evaluation and remediation

B Occupational risks associated with infusion therapy include:
m Biologic hazards of bloodborne pathogens
m Needlestick injuries
m Abrasions and contusions
m Chemical exposure
m Latex allergy

Em Critical Thinking: Case Study

A nurse in an outpatient infusion clinic discusses with a friend the admis-
sion of a woman community leader who is receiving treatment for cancer.
The nurse’s friend then talks to others, who talk to still others, until there is
widespread knowledge of the patient’s cancer in the community. The
woman’s daughter hears about her mother’s cancer diagnosis at school and
is very upset.

What recent act was violated in the initial conversation? What are the
ramifications for this case. Who is at fault?

Media Link: Answers to the case study and more critical thinking
activities are located on the CD-ROM.

Post-Test

1. The three parts of a competency-based program include:
a. Competency statement, goal, and return demonstration

b. Competency statement, criteria for learning, and evaluation
¢. Goal, evaluation, and feedback
d. Assessment, problem statement, implementation
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2. Occupational risks associated with L.V therapy include:
a. Malpractice, documentation errors, negligence
b. Latex allergy, exposure to bloodborne pathogens, burns

c. Exposure to bloodborne pathogens, latex allergy, exposure to
hazardous drugs

d. Ingestion of chemicals, needlestick injuries, malpractice

3. The tool used to report critical incidents is:
a. Performance improvement sheet
b. Unusual occurrence report
c. Competency validation tool

d. Quality assurance report

4. The definition of standard of practice states that it:

a. Defines activities and behaviors of the practitioner needed to
achieve patient outcomes

b. Focuses on the recipient of care and describes outcomes that
the patient can expect to receive

c. Is an ongoing systematic process for monitoring and problem
solving

d. Refers to conditions and mechanisms that provide support for
the delivery of care

5. A nurse walks into a patient’s room and finds the L.V. solu-
tion container dry. The bag had been hung 1 hour earlier. The
nurse informs the charge nurse and the physician that this has
occurred. The nurse is instructed to complete an unusual occur-
rence report. The report allows the analysis of adverse patient
events by:

a. Evaluating quality care and the potential risks for injury to the
patient

b. Determining the effectiveness of nursing interventions

c¢. Providing a method of reporting injuries to local, state, and
federal agencies

d. Providing clients with necessary stabilizing treatments

6. A product evaluation is part of a nurse’s responsibility to ensure
product integrity. Examples of medical device problems related to
LV. therapy practice include all of the following EXCEPT:

a. Defective infusion pump tubing

o

. Misleading labeling
c. Cracked or leaking LV. solution bag
d. Outdated medication
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7.

10.

The Safe Medical Device Act requires that medical device-related
deaths be reported to:

a. FDA
b. OSHA
c¢. JCAHO
d. CDC

. An agency that tracks and provides an avenue for reporting

bloodborne exposures is:
a. OSHA

b. CDC

c. EPINet

d. NIOSH

. Characteristics of performance improvement (doing the right

thing well) include all of the following EXCEPT:
a. Availability of a needed test
b. Documenting the quality of care received

c. Timeliness with which the test, procedure, and treatment are
provided

d. Continuity of the services provided
The definition of a tort is:
a. A written law enacted by the legislature

b. A private wrong, by act or omission, that can result in a civil
action by the harmed person

¢. An offense against the general public

d. Being capable or able; knowing how to function

Media Link:  More test questions and rationales are located on the
CD-ROM
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Chapter 2
Infection Control Measures

It may seem a strange principle to enunciate as the very first
requirement in a hospital that it should do the sick no harm.
It is quite necessary to lay down such a principle.
—Florence Nightingale, 1859

Learning Objectives
Glossary
Immune System Function
Organs
Mechanisms of Defense
Impaired Host Resistance
Basic Principles of Epidemiology
Colonization
Dissemination
Nosocomial Infections
Chain of Infection
First Link: Causative Agent
Second Link: Reservoir
Third Link: Portal of Exit from
Reservoir
Fourth Link: Method (Mode)
of Transmission
Fifth Link: Portal of Entry to
the Susceptible Host
Sixth Link: Susceptible Host
Breaking the Chain of
Infection
Infusion-Related Infections
Epidemiology
Pathogenesis

Chapter Contents

Catheter-Related Infections
Sources of Catheter-Related
Infections
Treatment of Catheter-Related
Infections
Infusate-Related Infections
Culturing Techniques
Strategies for Preventing/Treating

Infection

1. Follow CDC Standard
Precautions Guidelines

2. Follow Hand Hygiene
Procedure

3. Use Appropriate Skin
Antisepsis

4. Use Catheter Site Dressing
Regimens

5. Use Catheter Securement
Devices

6. Use Topical Antimicrobial
Ointments

7. Use Antimicrobial/
Antiseptic-Impregnated
Catheters and
Culffs
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8. Use Anticoagulants Key Points

9. Use Antibiotic Locks Critical Thinking: Case
Nursing Plan of Care: Infection Study

Control Post-Test

Patient Education
Home Care Issues

References
Answers to Chapter 2 Post-Test

B LEARNING Upon completion of this chapter, the reader will be able to:

OBJECTIVES 1.
28
8

S

8 N

10.

11.

12.

13.

14.

State the definitions of the glossary terms.
Discuss the function of the immune system.

Identify the organs involved in the immune
system.

Identify the factors important for maintaining the
well-being of the host.

State the four clinical symptoms of an impaired
host.

State the causes of secondary immune
deficiencies.

Identify the three carrier states.

Discuss the links in the chain of infection.
Identify strategies to prevent infection.

State the factors that influence formation of
infusion phlebitis.

State the Infusion Nursing Standards of Practice
for preventing infection.

Discuss sources of intravenous (I.V.) cannula-
related infections.

State the most prevalent microorganisms found in
L.V.-related infections.

Discuss the point of care for infection control
practices related to infusion therapy.

4 GLOSSARY

Antigens Microbic invaders that bombard the body and trigger an
immune response
Asepsis Freedom from infection or infectious material; absence of viable
pathogenic organisms

Bloodborne pathogens

Pathogenic microorganisms that are present in

human blood and can cause disease in humans
Colonization Growth of microorganisms in a host without producing
overt clinical symptoms or detected immune reaction
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Contamination Microorganisms present on a body surface without tis-
sue invasion or physiologic reaction

Dissemination Movement of microorganisms from an individual into
the immediate environment or movement of microorganisms from a
confined site (e.g., skin, kidney) to the bloodstream to other parts of
the body

Endogenous Produced within or caused by factors within the organism

Epidemiology Branch of science concerned with the study of the factors
determining and influencing the frequency and distribution of dis-
ease, injury, and other health-related events and their causes in a
defined human population for the purpose of establishing programs
to prevent and control their development and spread

Exogenous Developed or originating outside the organism

Extrinsic contamination Of external origin

Hand hygiene A general term that applies to either handwashing, anti-
septic handwash, antiseptic hand rub, or surgical hand antisepsis

Hematogenous Produced by or derived from the blood; disseminated
through the bloodstream or by the circulation

Host The organism from which a microorganism obtains its nourish-
ment

Immunosuppression Inhibition of the formation of antibodies to anti-
gens that may be present

Intrinsic contamination Contamination during manufacture

Leukopenia Reduction of the number of leukocytes in the blood to a
count of 5000 or less

Nosocomial infection Hospital-acquired infection, which was not pres-
ent or incubating at the time of admission

Passive acquired immunity Transient immunity that develops from a
person-to-person passage of immune cells or from gamma-globulin
infusion

Pathogen Any disease-producing agent or microorganism

Phlebitis Inflammation of a vein

Reservoir The place where the organism maintains its presence, metab-
olizes, and replicates

Resident flora Microorganisms that are indigenous to each individual
and are present mainly on the skin and in the respiratory, gastroin-
testinal, and reproductive systems

Septicemia The presence of pathogenic microorganisms or their toxins
in the blood or other tissues; the condition associated with such a
presence

Transient flora Microorganisms that are picked up, usually on the skin,
that can be removed fairly easily with hand hygiene.

Transmission The movement of an organism from the source to the host

Virulence Relative power and degree of pathogenicity possessed by
organisms to produce disease
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The intravenous system provides a direct access into the vascular sys-
tem, and thus an understanding of basic epidemiology principles and
common causative organisms due to infusion therapy is imperative. In
the United States, the following organizations set standards and guide-
lines for infection control related to infusion therapy:

m U.S. Centers for Disease Control and Prevention (CDC), which is a
division of the Department of Health and Human Services and
establishes guidelines for infection control practices

B U.S. Occupational Safety and Health Administration (OSHA),
which is the enforcing agency that provides the mandates to protect
employees of all fields

B Infusion Nurses Society (INS), which sets standards for practice
and provides a framework for the development of infusion policies
and procedures in all practice settings

B Association of Vascular Access Network (NAVAN)

B Association of Practitioners in Infection Control and Epidemiology,
Inc.

Websites

NAVAN: www.navan.org

APIC: www.apic.org

CDC: www.cdc.org

INS: www.ins1.org

National Nosocomial Infection Surveillance (NNIS): www.cdc.gov/
ncidod/hip/surveill/NNIS

Other sites:

To be a competent practitioner, it is important to have an under-
standing of the functioning of the immune system, the principles of epi-
demiology, infectious disease processes, and infections caused by infusion
therapy.

® Immune System Function

The immune system provides the body with a way of distinguishing itself
from foreign invaders. These invaders constantly bombard the body and
trigger immune responses. They are termed antigens and can include
microbes such as viruses, bacteria, and parasites. The appropriate
immune response occurs when the immune system recognizes and
destroys invading antigens.
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The immune system also acts as a “clean-up crew” that disposes of
used, mutant, or damaged cells that result from catabolism, growth, and
injury (Smeltzer & Bare, 2004).

Organs

The organs and cells involved in the immune system form a complex
when antigens and immune system cells are constantly moving through
the lymph system, blood circulation, and lymphatic organs. The primary
organs of the immune system are the thymus and bone marrow.
Secondary organs include lymph nodes, spleen, liver, Peyer’s patches,
appendix, tonsils and adenoids, and lungs. Table 2-1 shows the locations
and functions of these organs.

Mechanisms of Defense

A mutual compatibility exists between a healthy host (human) and envi-
ronmental microbes. The factors most important in maintaining the
well being of the host are nonspecific responses and specific immune

> Table 2-1 ORGANS OF THE IMMUNE SYSTEM
Organs Location Function
Primary
Thymus Mediastinal cavity Provides immune function in

Bone marrow

Ribs, sternum, long bones

early years: T-cell development

Produces stem cells, which are
precursors to leukocytes and
lymphocytes

Secondary

Lymph nodes

Spleen

Liver

Peyer’s patches,
appendix

Tonsils and
adenoids
Lungs

Interconnected system of
vessels and modes; chains of
pathway of lymph drainage

Left upper abdominal quadrant
beneath diaphragm

Right upper abdominal quadrant
Small intestine
Right lower abdominal
quadrant
Pharynx
Thoracic cavity

Stores T cells, B cells,
macrophages; circulates leuko-
cytes; drains and filters waste
products (cellular debris)

Stores red cells, leukocytes,
platelets, lymphocytes; serves
as hematopoietic organ; filters
out antigens

Kupffer’s cells filter out antigens

Areas of lymphoid tissue that
contain B cells and T cells

Unknown

Filter antigenic material and cel-
lular debris
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responses. The natural immune response consists of nonspecific defenses
present at birth. These mechanisms function without prior exposure to an
antigen. Nonspecific mechanisms include:

B First-line mechanisms
m Physical: Skin, mucous membranes, epiglottis, respiratory tract
cilia, sphincters
m Chemical: Tears, gastric acidity, vaginal secretions
m Mechanical: Lacrimation, intestinal peristalsis, urinary flow
B Second-line mechanisms
m Phagocytosis, complement cascade

Nonspecific Inmune Responses

Physical nonspecific mechanisms of defense against infections include
intact skin and mucosal barriers. The skin forms the first barrier against
infection; it is a physical barrier that contains secretions with antibacterial
actions. This tight network of cells provides an impenetrable physical bar-
rier against invasion by microbes that reside on the external or internal
environment (Brachman, 1998).

Chemical barriers inhibit growth and invasion by environmental
microbes. Chemical barriers include acid secretion by mucus, urine acid-
ity, and a variety of lipids secreted in the skin. There are also physiologic
mechanisms. The large airway of the lungs secretes mucus that traps
inspired particles; the inspired debris is removed by epithelium and
expectorated.

Through mechanical action, peristalsis in the gastrointestinal (GI)
tract and urinary tract expels organisms from the internal environment of
the host (Hudak et al., 1998).

Age influences nonspecific factors and is associated with decreased
resistance at either end of the age spectrum—the very young and the very
old. Factors such as surgery and the presence of chronic disease (e.g., dia-
betes, blood disorders, certain lymphomas, and collagen diseases) alter
host resistance, which influences nonspecific factors.

Specific Inmune Response

Acquired or specific host defense mechanisms function most efficiently
when there has been prior exposure to invading antigens. Passive
acquired immunity is transient and develops by passage of immune cells
from one person to another or by gamma-globulin infusion. Active
acquired immunity develops from direct contact with antigens by disease.
The key players in specific immune response are leukocytes, T-cell lym-
phocytes, B lymphocytes, immunoglobulin, and the complement cascade.

Leukocytes make up one of the most important components of the
immune system. A differential white blood cell (WBC) count provides
specific information related to infections and disease. Leukopenia is
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defined as a reduction of the number of leukocytes in the blood to a count
of less than 5000/mm?® Normal WBC counts range from 5000 to
10,000/mL. Other components of the immune system are the B and T
lymphocytes, which form the specific immune response system.
Lymphocytes have specific antigen recognition and can neutralize toxin
and phagocytize invading bacteria and viruses. Lymphocytes recognize a
specific antigen because of the presence in the antigens of genes known as
human leukocyte antigen (HLA) genes.

Immunoglobulin (Ig) circulates throughout the body, aiding in the
destruction of microorganisms and neutralizing toxin. Imnmunoglobulins
are divided into five major classes: IgA, IgD, IgE, IgG, and IgM. The
absence of one or more of these substances has been linked to infection or
disease processes.

The phagocytic cells provide a first line of defense against invasion by
bacteria and selected fungi. These cells circulate in the bloodstream until
summoned by chemical mediators to sites of infections. The immune sys-
tem provides a surveillance network that enables the host to monitor and
identify foreign material and generate specific protection against invad-
ing pathogens. Immunologic responses are mediated through the pro-
duction of antibodies that circulate in the plasma.

The complement system consists of a complex of about 17 different
proteins that are responsible for several steps in the inflammatory
process, including summoning phagocytic cells to the site of infection.
Complement also attaches to the infectious agent and promotes ingestion
by the phagocyte. The complement proteins are numbered C1 through C9
and act in a cascade fashion to initiate action of the next protein. These
proteins are part of the nonspecific and specific response systems. As a
nonspecific immune response, C3 and C5 increase vascular permeability
and chemically attract granulocytes. As part of the specific response, the
normally inactive proteins are activated by specific antibodies in two
pathways: the classic pathway requires interaction of C1 with the anti-
gen—antibody complex, or the alternative pathway occurs in the absence
of a specific antibody (Smeltzer & Bare, 2004).

Impaired Host Resistance

Many factors can result in impaired host defense. Persons who acquire an
infection because of a deficiency in any of their multifaceted host defenses
are referred to as compromised hosts. Persons with major defects related
to specific immune responses are referred to as immunosuppressed
hosts. These two terms often are used interchangeably.

The following is a general clinical picture of immune dysfunction:

B Infections occur frequently.
B Infections are more severe than usual.
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B Unusual infecting agents or infections with opportunistic organ-
isms occur.

B There is an incomplete response to treatment without complete
elimination of the infecting agent.

Primary immunodeficiency disorders are congenital or inherited. B-
cell immunodeficiencies account for about 50 percent of primary immun-
odeficiencies, and T-cell immunodeficiencies account for about 40 percent
(Smeltzer & Bare, 2004).

Secondary immunodeficiencies arise from disease processes or thera-
pies that decrease immune system organ or cell function. These deficien-
cies are acquired. Causes of secondary immune deficiency are age, stress,
trauma, poor nutritional status, and drug therapy. Often these types of
immunodeficiencies are transient and respond well to antibody therapy
with IgG or a removal of the cause (Swenson, 2000).

® Basic Principles of Epidemiology

Epidemiology is the “study of things that happen to people.” Historically,
it involves the study of epidemics. Epidemiology is the study of determi-
nants, occurrence, and distribution of health and disease in a population
(Carlson, Perdue, & Hankins, 2001).

Colonization

Infection is the replication of organisms in the tissue of a host and devel-
opment of clinical signs and symptoms. Colonization is the presence of a
microorganism in or on a host, with growth and multiplication of the
microorganisms with no clinical symptoms or detected immune reaction
at the time of isolation.

A carrier (or colonized person) is an individual colonized with a spe-
cific microorganism and from whom the organism can be recovered but
who shows no signs or symptoms of the presence of the microorganism.
A carrier may have a history of previous disease. The carrier state may be
transient (short term), intermediate (on occasion), or chronic (long term,
permanent, or persistent).

Dissemination

Dissemination is the shedding of microorganisms into the immediate
environment from a person carrying them. Cultures of air samples, sur-
faces, and objects reveal dissemination or shedding of microorganisms.
Some facilities routinely culture all or selected asymptomatic staff in an
attempt to identify carriers of certain organisms; however, such surveys
lack practical relevance unless related to a specific outbreak of disease.
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Usually only a fraction of colonized persons are disseminating; therefore,
nondisseminators are not associated with the actual spread of infection.

The risk of dissemination is generally greater from individuals with
disease caused by that organism than from individuals with subclinical
infection or who are colonized with the organism.

Nosocomial Infections

Nosocomial infections develop within a hospital or are produced by
organisms acquired during hospitalization. Infections incubating at the
time of a patient’s admission to the hospital are not nosocomial; rather,
they are community acquired unless they are from a previous hospital-
ization. Community-acquired infections, however, can be a source of
infection for other patients or personnel and must be considered in the
total scope of hospital-related infections (Brachman, 1998). These infec-
tions may involve anyone in contact with the hospital environment,
including staff, volunteers, visitors, and workers. Nosocomial infections
are preventable, and their sources can be endogenous or exogenous.
Endogenous infections are caused by a person’s own flora.
Exogenous infections are from sources outside a person’s body.

& Chain of Infection

Infections result from interaction between infectious agents and suscepti-
ble hosts. This interaction is called transmission. The chain of infection
refers to six links that make up the chain: the causative agent or microor-
ganism; the place where the organism naturally resides (reservoir); a
method (mode) of transmission; a portal of entry into a host; and the sus-
ceptibility of the host. To control infection, the chain of infection must be
attacked at its weakest link (Fig. 2-1).

First Link: Causative Agent

The first link in the chain of infection is the microbial agent or source,
which may be a bacterium, fungus, virus, or parasite. The ability of an
organism to induce disease is called its virulence or invasiveness.

Second Link: Reservoir

All organisms have a reservoir, or source of microorganisms. Common
sources include other humans, the client’'s own microorganisms, plants,
animals, or the general environment. People themselves are the most
common source of infection for others. The reservoir is the place where
the organism maintains its presence, metabolizes, and replicates. Viruses
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1

Causative Agent
(microorganism)

6 2
Susceptible Reservoir
Host (source)
5 3
Portal of entry Portal of exit
to Host from reservoir
4
Method of

Transmission

Figure 2-1 m Chain of infection.

survive better in human reservoirs, whereas the reservoir of gram-nega-
tive bacteria may have either a human or animal reservoir or an inanimate
reservoir is usually a human transmission.

Third Link: Portal of Exit from Reservoir

The exit site is important in transmission of infection. Organisms from
humans usually have a single portal of exit. The major portals of exit are
the respiratory tract, gastrointestinal (GI) tract, and skin (e.g., in wounds).
In addition, blood may be a portal of exit and is a concern for infusion
nurses.

Fourth Link: Method (Mode) of Transmission

After a microorganism leaves its source or reservoir, it requires a means of
transmission to reach another person or host through a receptive portal of
entry. There are three mechanisms of transmission:

1. Direct transmission. Direct transmission involves direct transfer of
organisms from person to person through touching, biting, kissing,
or sexual intercourse. Droplet spread is also a form of direct trans-
mission but can occur only if the source and host are within three
feet of each other. (Refer to Transmission-Based Precautions.)
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2. Indirect transmission. Indirect transmission can either be vehicle-
borne or vector-borne.

a. Vehicle-borne transmission. A vehicle is any substance that
serves as an intermediate means to transport and introduce an
infectious agent into a susceptible host. Examples are toys,
handkerchiefs, soiled linen, or clothes.

b. Vector-borne transmission. A vector is an animal or flying or
crawling insect that serves as an intermediate means for trans-
porting an infectious agent. An example is the mosquito carry-
ing the West Nile virus.

3. Airborne transmission. Airborne transmission involves droplets or
dust. Droplet nuclei, the residue of evaporated droplets, is trans-
mitted by air currents to a suitable portal of entry. Examples are
tuberculosis or dust particles containing Clostridium difficile spores
from soil.

Fifth Link: Portal of Entry to the Susceptible Host

A person can become infected once the organism enters the body. The skin
is a barrier to infectious agents; however, any break in the skin can read-
ily serve as a portal of entry. Microorganisms often enter the body of the
host by the same route they used to leave the source.

Sixth Link: Susceptible Host

A susceptible host is any person who is at risk for infection. Intact skin is
the best defense against infection; for this manner of transmission, you
must have a portal of reentry with non-intact skin. A compromised host is
a person who has impaired natural defense mechanisms. Examples
include the very young or very old, and those receiving immune sup-
pression treatment for cancer, chronic illness, or following a successful
organ transplant (Kozier, Erb, & Berman, 2004).

Breaking the Chain of Infection

New Microbiologic Methods

New laboratory methods can determine strains of bacterial organisms at
the molecular level. Current standard nosocomial outbreak investigations
often involve some type of molecular analysis.

Advancement of Epidemiologic Methods

At one time, epidemiologic methodology was descriptive and analytical;
now sophisticated methods include relative risk, risk ratios, regression
analysis, and correlation coefficients to study nosocomial infections.
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Computerization of infection control surveillance has expanded epidemi-
ology databases.

Continuous Quality Improvement Programs

The linking of hospital reimbursement to quality of care and assess-
ment has been a strong incentive to expand the model and methods of
hospital epidemiology to continuous quality improvement surveillance.
Quality assessment of noninfectious risks requires risk and outcome
definitions.

Risk Management

Formal programs have been established to deal with poor outcome eval-
uation and control in patients with liability-centered and malpractice-
related risk management programs.

Antibiotic Use

The Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) requires medical staffs to develop a systematic process for eval-
uating empiric, therapeutic, and prophylactic uses of drugs; this process
includes programs for review of antibiotic use. Each hospital should pro-
vide support for a group concerned with the appropriate use of antibi-
otics. This team should be headed by an infectious disease physician.
Strategies to improve antibiotics use include education, ordering policies,
drug utilization review, restriction policies, control of laboratory suscepti-
bility testing, and limitation of contact time between physician and phar-
maceutical company representatives.

To break the chain of infection, antimicrobial therapy is used in three
stages. Stage 1 therapy is used when an infection is diagnosed or sus-
pected and broad-spectrum therapy by LV. route is initiated. Stage 1 is
guided by a report of sample microscopy (e.g., morphology or Gram
stain). Stage 1 patients are usually unstable from the standpoint of the
infection process. The causative organisms should be cultured before the
patient is treated with antibiotics. Table 2-2 presents a list of antibiotics
and their effectiveness against certain pathogens at this stage.

Stage 2 therapy is adjusted to antimicrobial agents active against the
isolated organism. Results of antibiotic sensitivity testing are used to
guide therapy. Antimicrobial agents with a narrower spectrum of activity
are often used. A third and final stage is reached when the patient shows
signs of successful treatment and is converted to oral therapy before he or
she is discharged.

Pharmacoepidemiology

The JCAHO requires that hospitals have the capacity to document and
evaluate adverse drug reactions in their patients. The link between antibi-
otic use issues and adverse drug reactions has involved epidemiologists
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in pharmacoepidemiology (i.e., study of both the beneficial and adverse
effects of drugs).
Emporiatrics

Physicians involved in infection control are often asked for travel advice.
It is relevant for hospital epidemiologists to stay apprised of current infec-
tious disease events worldwide. This study of disease in travelers is called
emporiatrics.

& [Infusion-Related Infections

Epidemiology

Each year in the United States, hospitals and clinics purchase approxi-
mately 150 million intravascular devices. Most are peripheral venous
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catheters; however, in the United States more than 5 million central
venous devices of various types are inserted annually. More than 200,000
nosocomial bloodstream infections occur each year in the United States;
most are related to different types of intravascular devices (Maki &
Mermel, 1998). Since 1970, CDC’s National Nosocomial Infection
Surveillance (NNIS) System has been collecting data on the incidence and
etiologies of hospital-acquired infections, including CVC-associated
bloodstream infections (BSIs). Rates of CVC-associated BSI vary consider-
ably by hospital size. During 1992-2001, NNIS reported ICU rates of
CVC-associated BSI ranging from 2.9 to 11.3 BSIs per 1000 CVC days.

The types of organisms that most commonly cause hospital-acquired
BSIs change over time and are as follows:

B 1986-1989: Coagulase-negative staphylococci, followed by
Staphylococcus aures

B 1992-1999: Coagulase-negative staphylococci, followed by entero-
cocci, are now the most frequently isolated causes of hospital-
acquired BSIs.

In the 1992-1999 statistics, coagulase-negative staphylococci
accounted for 37 percent and S. aureus 12.6 percent of reported hospital-
acquired BSIs. Enterococci accounted for 13.5 percent of BSIs, an increase
from 8 percent reported in the 1986-1989 statistics. Candida spp. caused 8
percent of hospital-acquired BSIs reported in both data collection periods.
Resistance of Candida spp. to commonly used antifungal agents is increas-
ing. Gram-negative bacilli accounted for 19 percent of catheter-associated
BSIs in 1986-1989 as compared with 14 percent in 1992-1999. An increas-
ing percentage of ICU-related isolates are caused by Enterobacteriaceae
(CDC, 2002b).

Pathogenesis

The important pathogenic determinants of catheter-related infection are
(1) the material of which the device is made and (2) the intrinsic virulence
factors of the infecting organism. Catheters made of polyvinyl chloride or
polyethylene are more likely to cause adherence of microorganisms than
are catheters made of Teflon, silicone elastomer, or polyurethane. The
majority of catheters sold in the United States are no longer made of
polyvinyl chloride or polyethylene. Certain catheter materials are more
thrombogenic than others, a characteristic that also might predispose to
catheter colonization and catheter-related infection.

The adherence properties of a given microorganism also are impor-
tant in the pathogenesis of catheter-related infection. Certain strains of
coagulase-negative staphylococci produce an extracellular polysaccha-
ride often referred to as “slime.” In the presence of glucose-containing flu-
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ids, certain Candida spp. might produce slime similar to that of bacterial
counterparts. This slime potentiates the pathogenicity by allowing organ-
isms to withstand host defense mechanisms (Branchini et al., 1994).

Catheter-Related Infections

In the United States, 15 million CVC days occur in ICUs each year. The
average rate of CVC-associated BSIs is 5.3 per 1000 catheter days in ICU;
approximately 80,000 CVC-associated BSIs occur in ICUs each year (CDC,
NISS, 2001). A total of 250,000 cases of CVC-associated BSIs have been
estimated to occur annually if entire hospitals are assessed. The attributed
mortality is an estimated 12 percent to 25 percent for each infection, and
the cost to the healthcare system is a minimum of $25,000 per episode
(Kluger & Maki, 1999).

Website

Nosocomial Surveillance System: www.ncbi.nlm.nih.gov

Infections related to CVADs generally are categorized as early and
delayed infections. Early infections are those occurring within the first 2
to 3 weeks after CVAD implantation. Early infections generally are caused
by bacterial contamination during the initial catheter insertion. These
infections are most commonly caused by skin flora (Streptococcus and
Staphylococcus).

Delayed infections occur more than 2 to 3 weeks after catheter
implantation because of poor wound care, migration of organisms along
the catheter tract, or seeding of the CVAD from a secondary source.

Clinical manifestations of infection are variable and depend on the
type of infection present. Local infection may present as cellulitis with
erythema, induration, pain, and inflammation. Serosanguineous or puru-
lent discharge may be present from the skin exit site, indicating inflam-
mation around the catheter.

Sources of Catheter-Related Infections

Microorganisms that colonize the skin of hospitalized patients cause the
majority of intravascular catheter-related bloodstream infections: staphy-
lococci (both coagulase-negative and coagulase-positive S. aureus),
Candida spp., Corynebacterium spp., and Bacillus spp. (Maki & Mermel,
1998). The major sources of cannula-related infections are the skin flora,
contamination of the catheter hub, contamination of infusate, and
hematogenous colonization of the device (Fig. 2-2).

Primary risk factors associated with central infusion line infections
include duration of catheterization (number of catheter days), multiple
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Figure 2-2 m Sources of 1.V. cannula-related infections.

lines, colonization of catheter insertion site by skin organisms, location of
catheter subclavian placement, aseptic dressing changes, and aseptic
insertion technique. Factors contributing to a lesser degree to central line
infections include secondary bacteremia, host defense status, contami-
nated infusate, and number of catheter lumen (single versus triple
lumen). The CDC guidelines for changing catheters, administration sets,
and catheter site care are presented in Appendix A.

Factors that predispose patients with CVADs to infection include
longer durations of catheter placement, catheters with multiple lumens,
catheters made of polyvinyl chloride, catheters that develop fibrin sheaths
at the distal catheter tip, port systems that accumulate sludge or blood
products within the port reservoir, and a compromised immune status in
patients (Ray, 1999). Implantable devices are associated with the lowest
rate of infectious complications of all CVAD systems (Maki & Mermel,
1998).

Phlebitis

The presence of phlebitis connotes a substantially increased risk of infec-
tion and indicates the need for immediate removal of the catheter to
reduce the severity of phlebitis, for symptomatic relief, and to prevent
catheter colonization from progressing to bloodstream infection. A few of
the risk factors for increased phlebitis rates include: phlebitis exceeds 50
percent by the fourth day after catheterization, female gender, and
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catheter materials. Refer to Table 2-3 for a complete list of risk factors
(Maki & Mermel, 1998).

Treatment of Catheter-Related Infections

Antibiotic therapy for catheter-related infection is often initiated with
speculative antibiotic therapy. Vancomycin is usually recommended
when an increased number of methicillin-resistant staphylococci is pres-
ent. In the absence of methicillin-resistant S. aureus, penicillinase-resistant
penicillins, such as nafcillin or oxacillin, should be used. Third- or fourth-



Copyright © 2005 F.A. Davis Company

60 ™  yUur1 > Fundamental Foundations of Practice

generation cephalosporins are used for Pseudomonas aeruginosa.
Amphotericin B or L.V. fluconazole should also be considered for treat-
ment when fungemia is suspected. The initial choice of antibiotics
depends on the patient’s clinical presentation.

Patients should be separated into those with complicated infections,
in which there is septic thrombosis, endocarditis, osteomyelitis or possi-
ble metastatic seeding, and those with uncomplicated bacteremia in
which there is no evidence of such complications. Refer to Table 2—4 for
approaches to management of patient with bloodstream infections.

If there is prompt response to initial antibiotic therapy, most patients
who are not immunocompromised, and without underlying valvular
heart disease or an intravascular prosthetic device, should receive antimi-
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(Continued on following page)
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crobial therapy for 10 to 14 days. A more prolonged course of antibiotic
therapy (4 to 6 weeks) should be considered if there is persistent bac-
teremia or fungemia (Mermel et al., 2001).

r l AGE-RELATED CONSIDERATIONS 2-1

Most nosocomial bloodstream infections in pediatric patients are
related to the use of an intravascular device. The rate of CVC-related infec-
tions is 1.7 to 2.4 infections per 1000 catheter-days, depending on the type
of device use (Strovroff & Teague, 1998). The pediatric population is
diverse, and the risk of infection varies with age, birthweight, underlying dis-
ease, host factors, medications, type of device, and nature of the infusate
(Baltimore, 1998).

Infusate-Related Infections

The proliferation of microbes in 5 percent dextrose in water is most com-
monly related to tribe Klebsiella spp., Pseudomonas cepacia, Acinetobacter
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spp., and Serratia spp. Most bacteria grow in 0.9 percent sodium chloride
fluids, but Candida species flourish in synthetic amino acids and 25 per-
cent dextrose solutions (Maki & Mermel, 1998).

Mechanisms of Fluid Contamination

Parenteral fluids can become contaminated during administration owing
to the duration of uninterrupted infusion through the same administra-
tion set and to the frequency with which the set is manipulated.
Microorganisms gain access from air entering bottles, from entry points
into the administration set, from the L.V. device through the line, or at the
junction between the administration set and the catheter hub.

Molds gain access into glass I.V. bottles through microscopic cracks
long before the bottle is hung for use; visible cloudiness or filmy precipi-
tates and “ungus balls” in an I.V. bottle are visible to nurses.

Total parenteral nutrition fluids should be used as soon as pos-
sible after preparation and stored at 4°C for growth of C. albicans to be
suppressed.

@=> NURSING FAST FACT!

Manipulations of the delivery system, especially the administration set,
provide means for access of microorganisms to in-use infusate (Maki & Mermel,
1998).

Before use, containers of fluid should be examined against light and
dark backgrounds for cracks, defects, turbidity, and particulate matter.
Any glass container lacking a vacuum when opened should be considered
contaminated.

B Inspect all infusates before administering.

B Observe stringent asepsis during preparing and compounding
admixtures in the central pharmacy or on individual patient care
units.

® Follow good aseptic techniques when handling infusions, such
as when injecting medications or changing bags or bottles of
fluids.

B Replace the administration set at periodic intervals to prevent
the buildup of dangerous introduced contaminants and to fur-
ther reduce the risk of related septicemia.
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Additional factors that contribute to contamination of infusion-
related infection include:

1. Faulty handling. Glass containers can become cracked or damaged
and plastic bags punctured; bacteria and fungi may invade a hair-
line crack in an L.V. container.

2. Admixtures. The risk of contamination when admixtures are pre-
pared is decreased when trained personnel prepare mixtures
under laminar flow hoods. The use of a strict aseptic technique is
vital.

3. Manipulation of in-use 1.V. equipment. Faulty technique in handling
equipment can lead to contamination.

4. Injection ports. Aseptic technique must be maintained when injec-
tion ports are used for “piggyback” or secondary infusions. The
injection port located at the distal end of the tubing can expose the
patient to excreta and drainage.

P INS Standard. Latex injection and access ports should be asepti-
cally cleansed before access. (INS, 2000, 41)

5. Three-way stopcocks. These adjunct devices are potential sources of
transmission of bacteria because their ports, unprotected by sterile
covering, are open to moisture and contaminants. These devices
are usually connected to central venous catheters (CVCs) and arte-
rial lines and are frequently used for drawing blood. Using an
aseptic technique is vital.

@=> NURSING FAST FACTS!

Whenever fluid is seen leaking at injection sites, connections, or vents, the
1.V. set should be replaced.

If intrinsic contamination of a commercially distributed product is identi-
fied or even strongly suspected, especially if clinical infections have occurred as a
consequence, the local, state, and federal (e.g., CDC and FDA) public health
authorities must be contacted immediately. The unopened lot or lots should be
quarantined and saved for analysis (Maki & Mermel, 1998).

Refer to Table 2-5 for microorganisms most frequently encountered in
catheter-related, central venous catheter-related, infusate-related, and
blood product-related infections.

Culturing Techniques

If the I.V. catheter is in any way compromised, it should be cultured. The
recommended method for culturing a catheter is the semiquantitative cul-
ture technique (Procedures Display 2-1). Semiquantitative culture tech-
nique involves thoroughly cleaning the area around the insertion site with
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70 percent alcohol and permitting the area to air dry. Alcohol is recom-
mended because the residual antimicrobial activity of iodine-containing
solutions may kill organisms on the catheter when it is removed. After the
catheter is withdrawn, at least 5 cm of the tip and the catheter segment,
beginning 1 to 2 mm inside the skin—catheter junction point, is clipped off
with sterile scissors and dropped into a sterile specimen tube or cup.
Purulent drainage at the site should be cultured before the site is cleaned.

The following are disadvantages of this semiquantitative method: (1)
this method may fail to detect bacteremia of the internal lumens of the
catheter tip and (2) the catheter must be removed for culturing and may
not actually be the source of infection.
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E PROCEDURES DISPLAY 2-1

Steps in Catheter Culturing

When an L.V.-related infection is suspected, obtain culture from sus-
pected source.

Patient Assessment:

® Verify patient identity.

B Obtain physician’s order.

B Place patient in a comfortable position.
® Assess L.V. site.

Equipment needed:

B Sterile scissors

m Sterile gloves

®m 70 Percent alcohol swab

B Sterile specimen container
® Label

Instructions to Patients:

B Inform patient of purpose of culture.
B Inform patient that there is no discomfort or pain associated with
this procedure.

Procedure:

1. Explain procedure to patient.

2. Remove dressing over L.V. site.

3. Wash hands and put on sterile gloves.

4. Wipe skin around puncture site with 70 percent alcohol to
cleanse area of any blood or antimicrobial ointment.

5. Withdraw catheter carefully. Be sure to direct the removed por-
tion of the catheter upward to keep it away from the patient’s
skin.

6. Hold catheter over specimen container; with sterile scissors, cut
half the length of the catheter and drop it into the container.

7. Close container and label.

Documentation:

Document all relevant information:

B Record on the patient’s chart the taking of the specimen and
source.

B Include the date and time; the appearance of the exudate; the
color, consistency, amount, and odor of any drainage; and any
discomfort experienced by the patient.
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@==> NURSING FAST FACT!

A positive, semiquantitative culture of 15 or more colony-forming units
(CFUs) confirms a local cannula infection (Maki & Mermel, 1998).

Culture any purulent drainage from the site. If the I.V. solution is the sus-
pected source of infection, send the fluid container and tubing to a laboratory for
analysis.

Blood cultures drawn through a peripheral vein and through the I.V. can-
nula can be a helpful alternative to culturing the cannula. If the results of the
catheter blood sample are five times the peripheral blood sample, a catheter-
related infection is suspected and the catheter should be removed.

® Strategies for Preventing/Treating Infection

Nurses involved in maintaining vascular access devices must have the
knowledge base and competency to initiate infusion-related protocols to
prevent infection. The principles of infection control provide the founda-
tion for the delivery of infusion therapy. Prevention begins with knowl-
edge regarding the techniques used to prevent infection.

1. Follow CDC Standard Precautions Guidelines

In 1996, the Hospital Infection Control Practice Advisory Committee
(HICPAC) of the CDC developed new isolation guidelines that better
addressed the growing concerns of the transmission of resistant organ-
isms. The new system for isolation blends body substance isolation, cate-
gory isolation, and disease-specific isolation into a two-tiered approach.

Tier One: Standard Precautions

Standard precautions incorporate the fundamentals of universal precau-
tions (designed to reduce exposure risks to bloodborne pathogens) and
body substance isolation (designed to reduce risk of exposures to
pathogens residing in moist body fluids) and require consistent use for all
patients regardless of their infection status.

Standard precautions are imposed when (1) there is risk of exposure
to blood; (2) there is risk of exposure to all other body fluids, including
secretions and excretions (not including sweat), whether or not evidence
of blood is present; (3) nonintact skin is present; and (4) there will be con-
tact with any mucous membranes.

@ NURSING FAST FACT!

The primary barriers to protect healthcare workers from blood and/
or body fluid exposures are gloves in conjunction with appropriate hand hygiene

(Continued on following page)
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practices, eye protection, and mucous membrane protection (i.e., face shield or
goggles and mask).

Tier Two: Transmission-Based Precautions

Transmission-based precautions are the second tier of the isolation pre-
cautions. These additional precautions are based on the known or sus-
pected infectious state of the patient and the possible routes of
transmission. There are three categories of transmission-based precau-
tions:

1. Airborne precautions, which require special air handling and ven-
tilation to prevent the spread of these organisms. They also require
additional respiratory protection (HEPA or N95 respirators for
patients with tuberculosis). Examples of infections are tuberculo-
sis, varicella, and measles.

2. Droplet precautions, which require the use of mucous membrane
protection (eye protection and masks) to prevent infectious organ-
isms from contacting the conjunctivae or mucous membranes of
the nose or mouth. Examples of infections are mumps, rubella,
influenza, and pertussis.

3. Contact precautions, which require the use of gloves and gowns
when direct skin-to-skin contact or with contaminated environ-
ment is anticipated. Examples of infections are Clostridium difficile
enteritis, methicillin-resistant Staphylococcus aureus, and van-
comycin-resistant Enterococcus spp. (CDC, 1996).

@==> NURSING FAST FACT!

Implementation of standard precautions has implications for infusion
therapy nurses: Use of I.V. therapy carts and trays may be limited for patients
who are on contact transmission precautions.

2. Follow Hand Hygiene Procedure

Skin Function/Barrier Protection

The primary function of the skin is to reduce water loss, provide protec-
tion against abrasive action and microorganisms, and act as a permeabil-
ity barrier to the environment. Barrier function arises from the dying,
degeneration, and compaction of underlying epidermis and from the
process of synthesis of the stratum corneum occurring at the same rate as
loss. The barrier to percutaneous absorption lies within the stratum
corneum, the thinnest and smallest compartment of the skin. The forma-
tion of the skin barrier is under homeostatic control, which is illustrated
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by the epidermal response to barrier disturbance by skin stripping or sol-
vent extraction.

The goal of using specific products for hand hygiene is to maintain
normal barrier function. The normal barrier function is biphasic: 50 per-
cent to 60 percent of barrier recovery typically occurs within 6 hours, but
complete normalization of barrier function requires 5 to 6 days (CDC,
2002a).

TRANSMISSION OF PATHOGENS ON HANDS

Transmission of healthcare-associated pathogens from one patient to
another via the hands of healthcare workers (HCWs) requires the follow-
ing sequence of events:

1. Organisms present on the patient’s skin or that have been shed
onto inanimate objects must be transferred to the hands of HCWs.

2. These organisms must then be capable of surviving for at least sev-
eral minutes on the hands of personnel.

3. Hand washing or hand antisepsis by the worker was inadequate or
omitted entirely, or the agent used for hand hygiene was inappro-
priate.

4. The contaminated hands of the HCW must come in direct contact
with another patient (CDC, 2002a).

@=> NURSING FAST FACT!

Studies have documented contamination of HCWs hands with potential
healthcare-associated pathogens. Serial cultures revealed that 100 percent of
HCWs carried gram-negative bacilli at least once, and 64 percent carried S.
aureus at least once (CDC, 2002a).

PrRePARATIONS USED FOR HAND HYGIENE

Hand hygiene reduces nurses” and patients’ risks of infection. Good hand
hygiene with plain ordinary soap has only minimal antimicrobial activity.
However, it can remove loosely adherent dirt, organic material, and tran-
sient flora. A vigorous 10- to 15-second scrub with antiseptics (alcohols,
chlorhexidine, chlorine, hexachlorophene, iodine, chloroxylenol [PCMX],
quaternary ammonium compounds, and triclosan) has excellent in vitro
germicidal activity against gram-positive and gram-negative bacteria.

Alcohol-based products are more effective for standard handwashing
or hand antisepsis by HCWs than soap or antimicrobial soaps. Applying
friction removes most microbes and should be used when placing inva-
sive devices, when persistent antimicrobial activity is desired, and when
it is important to reduce the numbers of resident skin flora in addition to
transient microorganisms (CDC, 2002a).
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Alcohol-based hand rubs intended for uses in hospitals are available
as low-viscosity rinses, gels, and foams. Alcohols are not appropriate for
use when hands are visibly dirty or contaminated.

CDC RECOMMENDATIONS FOR HAND HYGIENE IN HEALTH-CARE SETTINGS

Indications for hand washing and hand antisepsis:

When hands are visibly dirty or contaminated with blood or other
body fluids, wash hands with either a non-antimicrobial soap or
water or an antimicrobial soap and water.

If hands are not visibly soiled use an alcohol-based hand rub for
routinely decontaminating hands in all other clinical situations.
Decontaminate hands before having direct contact with patients.
Decontaminate hands before donning sterile gloves when inserting
a central intravascular catheter.

Decontaminate hands before inserting a peripheral vascular
catheter.

Decontaminate hands after contact with patient’s intact skin (tak-
ing pulse, blood pressure).

Decontaminate hands after contact with body fluids or excretions,
mucous membranes, non-intact skin, and wound dressing if hands
are not visibly soiled.

Decontaminate hands if moving from a contaminated body site to
a clean body site during patient care.

Decontaminate hands after removing gloves.

Before eating and after using a restroom, wash hands with a non-
antimicrobial soap and water or with an antimicrobial soap and
water.

Antimicrobial-impregnated wipes (towelettes) may be considered
as an alternative to washing hands with non-antimicrobial soap
and water.

@=> NURSING FAST FACTS!

= [t is recommended that healthcare agencies provide personnel with effi-
cacious hand-hygiene products that have a low irritancy potential, par-
ticularly when these products are used multiple times per shift.

= Using gloves should not replace handwashing and does not provide
complete protection

= for insertion of peripheral catheters good hand hygiene before catheter
insertion or maintenance, combined with proper aseptic technique dur-
ing catheter manipulation, provides protection against infection.
Central venous catheter (CVC) insertion carries a substantially greater
risk for infection; therefore, the level of barrier precautions needed to
prevent infection during insertion of CVC should be more stringent
(CDC, 2002b).
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OTHER HAND HYGIENE RECOMMENDATIONS (CDC, 20024)

® Do not wear artificial fingernails or extenders when having direct
contact with patients at high risk.

® Keep natural nail tips less than '/ inch long.

B Wear gloves when in contact with blood or potentially infectious
materials, mucous membranes, and non-intact skin.

B Remove gloves after caring for a patient. Do not wear the same pair
of gloves for the care of more than one patient, and do not wash
gloves between uses with different patients.

B Change gloves during patient care if moving from a contaminated
body site to a clean body site.

3. Use Appropriate Skin Antisepsis

The Infusion Nurses Society (2000) Standards of Practice and CDC (2002)
support the use of the following antiseptic solutions to prepare the site
prior to venipuncture:

® 10 Percent povidone-iodine

® 70 Percent isopropyl alcohol

B 2 Percent aqueous chlorhexidine gluconate

B 2 Percent tincture of chlorhexidine (Approved July 2000 FDA)

Povidone-iodine has been the most widely used antiseptic for cleans-
ing insertion sites; however, recent studies support the use of 2 percent
aqueous chlorhexidine gluconate as a superior solution to lower BSI rates.
The 2 percent chlorhexidine gluconate has also been shown to decrease
the skin irritations reported from use of other skin preparation agents
(Hibbard et al. 2002; Maki, 1991).

Practice criteria for insertion of peripheral, midline, arterial, central,
and peripherally inserted central catheter (PICC) include the use of asep-
tic technique and site preparation with antimicrobial solutions (INS, 2000,
47). In addition, the following guidelines should be used to maintain
integrity of the infusion site (INS, 2000, 47):

B Powder-free gloves should be used.

® Clipping should be performed to remove excess hair at the
intended vascular access site when necessary.

B Antimicrobial solutions in a single-unit use configuration should
be used.

B Alcohol should not be applied after the application of 10 percent
povidone-iodine preparation because alcohol negates the effect of
10 percent povidone-iodine.

B The antimicrobial preparation solution should be allowed to air-
dry completely before proceeding with the vascular access device
insertion procedure.

B Maximum barrier precautions including sterile gown, gloves, cap,
masks, protective eyewear, surgical scrub, and large sterile drapes
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and towels should be used for midline, arterial, central, and periph-
erally inserted central catheters.

@==> NURSING FAST FACT!

After initial site preparation, sterile gloves should be changed prior
to midline, arterial, central, and peripherally inserted central catheter
placement.

4. Use Catheter Site Dressing Regimens

Transparent, semipermeable polyurethane dressing is used in many clin-
ical settings. These dressings reliably secure the infusion device, permit
continuous visual inspection of the catheter site, permit patients to bathe
and shower without saturating the dressing, and require less frequent
changes than do standard gauze and tape dressings.

Data from studies suggest that colonization among catheters dressed
with transparent dressings (5.7 percent) is comparable to that of those
dressed with gauze (4.6 percent) and that no clinically substantial differ-
ences exist in the incidences of either catheter colonization or phlebitis
(Maki & Ringer, 1987; CDC, 2002).

In a multicenter study (Maki, 2000) a chlorhexidine-impregnated
sponge (Biopatch™) placed over the site of short-term arterial and CVDs
reduced the risk of catheter colonization and catheter-related BSIs. No
adverse systemic effects resulted from use of this device (CDC, 2002b).

5. Use Catheter Securement Devices

Sutureless devices are available and can be advantageous over sutures in
preventing catheter-related BSIs. One study compared sutureless device
with sutures for the securement of PICCs; in this study, catheter-related
bloodstream infections were reduced in the group of patients receiving
the sutureless device (Yamamoto, Solomon, & Soulen, 2001).

6. Use Topical Antimicrobial Ointments

Povidone-iodine ointment applied at the site of insertion of hemodialysis
catheters has been studied as a prophylactic intervention to reduce the
incidence of catheter-related infections. Other antibiotic ointments
applied to the catheter insertion site also have been studied and have
yielded conflicting results. The risk of catheter colonization with Candida
spp- might be increased with the use of antibiotic ointments that have no
fungicidal activity (CDC, 2002b).
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@=> NURSING FAST FACT!

Any ointment that is applied to the catheter insertion site should be
checked against the catheter and ointment manufacturers’ recommendations
regarding compatibility.

7. Use Antimicrobial/Antiseptic-lImpregnated Catheters
and Cuffs

Catheters and cuffs that are coated or impregnated with antimicrobial or
antiseptic agents can decrease the risk for catheter-related bloodstream
infections. Several different types of materials are used to coat catheters
and cuffs. They include:

B Chlorhexidine/silver sulfadiazine: Newest generation available
with coating over both the internal and external luminal surfaces.
More expensive than standard catheters.

B Minocycline/rifampin: Available impregnated on both the external
and internal surfaces. May increase the risk of resistance among
pathogens, especially staphylococci.

B Platinum/silver: Ionic metals have a broad antimicrobial activity
and are being used in catheters and cuffs.

m Silver cuffs: Ionic silver has been used in subcutaneous collagen
cuffs attached to CVCs. Provides antimicrobial activity and cuff
provides a mechanical barrier to the migration of microorganisms
(CDC, 2002b).

8. Use Anticoagulants

Anticoagulant flush solutions are used widely to prevent catheter throm-
bosis. Thrombi and fibrin deposits on catheters may serve as a focal point
for microbial colonization of intravascular catheters and the use of anti-
coagulants might have a role in the prevention of CRBSIs (CDC, 2002b).

9. Use Antibiotic Locks

The purpose of antibiotic lock therapy is to sterilize the lumen of the
catheter. Most frequently the therapy is over a 2-week period of time.
Antibiotic lock therapy for catheter-related bloodstream infections is often
used in conjunction with systemic antibiotic therapy and involves instill-
ing in the catheter lumen a high concentration of an antibiotic to which
the causative microbe is susceptible. The antibiotic is mixed with 50 to 100
U of heparin or normal saline in sufficient volume to fill the catheter
lumen and installed or “locked” into the catheter lumen during periods
when the catheter is not being used (Mermel et al., 2001).
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NURSING PLAN OF CARE
INFECTION CONTROL

Focus Assessment

Subjective

® History of risk factors: Fever, diarrhea
Objective

B Baseline immunologic studies: T-cell count, WBC count, differ-
ential

B Vital signs, especially temperature

B Redness, inflammation, purulent drainage, tenderness, and
warmth of insertion site

Patient Outcome/Evaluation Criteria

Patient will:

B Be free from nosocomial infection.

B Maintain adequate oxygenation.

B Verbalize understanding of precautions for catheter care.

B Report any need for additional dressing changes.

® Not contaminate healthcare team, other patients, or family.

Nursing Diagnoses

® Risk for infection related to immunodeficiency and malnutrition

B Risk for impaired gas exchange related to alveolar capillary mem-
brane changes with infection

B Risk for altered thought processes related to HIV or opportunistic
infection of central nervous system

® Risk for knowledge deficit related to illness and impact on
patient’s future

B Risk for infection transmission

Nursing Management

1. Use standard precautions.

2. Use aseptic technique and follow appropriate protocols when
changing catheter dressing, I.V. tubing, and solutions.

3. Use sterile technique when inserting and removing catheter and

when maintaining system.

Ensure complete skin preparation before insertion.

Ensure peripheral catheter removal within 72 and 96 hours.

Change insertion site dressing when wet, soiled, or nonocclusive.

Secure proximal LV. connections with a Luer locking set, if

possible.

NS

(Continued on following page)



Copyright © 2005 F.A. Davis Company

74 "™ yyr1 > Fundamental Foundations of Practice

NURSING PLAN OF CARE
INFECTION CONTROL (Continued)

8. Monitor for:
a. Signs and symptoms of sepsis (fever, hypotension, positive
blood cultures).
b. Oxygen saturation with oximetry.
9. Observe hand hygiene techniques between patients.
10. Use proper insertion and maintenance of invasive devices.
11. Use sterile equipment and aseptic technique appropriately.
12. Give attention to proper skin care.
13. Use needleless I.V. systems.

Pediatric infection control practices are covered in Chapter 10; infec-
tion control issues related to blood products are covered in Chapter 13;
CVCinfections are discussed further in Chapter 12; and issues of infection
control related to parenteral nutrition are covered in Chapter 15.

. Patient Education

In all healthcare environments, patient education is an important component in
preventing catheter-related complications. Education regarding vascular
access management is crucial. Information regarding catheter management
should be individualized to meet the patient’s needs but remain consistent
with established policies and procedures for infection control.
Education should include:
m Instructions on hand hygiene; aseptic technique; and concept of dirty, clean,
and sterile
m Proper methods for handling equipment
m Judicious use of antibiotics, which is a major nursing role to slow an epi-
demic of drug-resistant infections
m Importance of complying with directions for prescribed antibiotics
m Written information on steps for dressing changes
m Assessment of the site and the key signs and symptoms to report to the home
care agency, hospital healthcare worker, or physician.

Home Care Issues

It is generally believed that at-home risk factors for developing a catheter-
related infection should be somewhat lower than risk factors in a hospital set-
ting. Research and study are needed to describe infection risks in the home
setting.
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The Environmental Protection Agency (EPA) has developed many advi-
sory committees regarding infectious waste disposal in the home care setting.
The Medical Waste Tracking Act of 1988 mandated to the EPA the investigation
and development of guidelines for handling home-generated medical waste.
The home care provider should establish policies and procedures for handling
waste. Prepackaged kits are available from a number of manufacturers and
include sharps disposal systems and the CHemBLOC spill kit.

Each home healthcare nurse or aide needs appropriate equipment and
supplies related to infection control. OSHA requires that hand hygiene and
eyewash stations are available to employees who are exposed to blood and
body fluids. The stations may not be available in the home setting; it is impor-
tant to provide an alternative until the employee has access to them. It is
important to have antiseptic wipes to clean hands, a spill kit in event of a large
amount of blood or body fluid is spilled on the floor or a surface, and appro-
priate containers for disposal and transport of medical waste and contami-
nated sharps.

Rubbermaid® tubs with a sealing lid work well for transporting medical
waste from homes to the home healthcare agency. Sharps containers must be
used for all contaminated sharps.

Healthcare workers should use an alcohol-based hand rinse or foam,
rubbing vigorously to cover all parts of the hands until dry. If hands are
visibly soiled, the nurse may have to go out of the way to find a source of run-
ning water because alcohol does not remove soil or organic matter (CDC,
2002a).

B In the United States, the CDC, a division of the Department of Health
and Human Services, is the agency that investigates, develops, recom-
mends, and sets standards for infection control practices.

B The purpose of the immune system is to recognize and destroy invad-
ing antigens. Organs include primary (thymus and bone marrow) and
secondary (lymph nodes, spleen, liver, Peyer’s patches, appendix, ton-
sils and adenoids, and lungs).

B Impaired host resistance includes:

m B-cell immunodeficiencies (50 percent of primary immunode-
ficiencies)
m T-cell immunodeficiencies (40 percent of primary immunode-
ficiencies)
m The epidemiologic triangle consists of:
- The host: The living person or animal that provides the atmosphere
in which organisms are able to live
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- The agent: The organism that is capable of eliciting a disease
process

- The environment: The interacting group of conditions, surround-
ings, and influences in which the host and agent coexist

B A nosocomial infection is one that develops in a patient during or after,
but as a result of, his or her stay in a healthcare setting.

B One of the main complications of infusion therapy is sepsis (sep-
ticemia), a pathologic state, usually accompanied by fever, which
results from the presence of microorganisms in the bloodstream.
Staphylococci are responsible for the majority of nosocomial I.V.-related
infections.

m Risk factors for infection include:

m Percutaneously inserted, noncuffed CVCs used for hemodialysis
(highest risk)

m Peripherally inserted CVCs (lower risk)

m Surgically implanted CVCs (lowest risk)

m CVCs in all forms pose the greatest risk of septicemia; the skin site is
the most common source of organism colonization.

B Strategies for prevent/treat infection include:

m Following CDC Standard Precautions guidelines

m Using the correct hand hygiene procedure

m Use of appropriate skin antisepsis

m Catheter site dressing regimens

m Using catheter securement devices

m Using antibiotic ointments

m Using antimicrobial/antiseptic-impregnated catheters and cuffs
m Using anticoagulants

m Antibiotic lock therapy.

Em Critical Thinking: Case Study

A patient is admitted with uncontrolled diabetes mellitus. She has a saline
lock in place in her left wrist area. A symptomatic drop in blood sugar to
38 mg/dl requires she receive 50 mL of 50 percent dextrose infused at 3 mL/
min via the peripheral infusion site. She responds well, but the next day
needs another dose of dextrose via the same infusion site for a second drop
in BS. At discharge, she complains of burning and pain at the site. The
nurse documents that the catheter is intact upon discontinuation of the
peripheral catheter, but no assessment data or subjective patient complaints
are recorded. The patient is admitted three days later with purulent drainage
from the left wrist infusion site, temperature of 101, and pulse rate of 100.
What is the probable cause of the second admission? What are con-
tributing factors? What breach of standards of practice occurred? What are
the legal ramifications of this case?

Media Link: Answers to the case study and more critical thinking
activities are located on the CD-ROM.
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Post-Test

1. Which of the following constitute the first line of nonspecific
defense mechanisms?

a. Phagocytosis, complement cascade
b. Leukocytes, proteins
c. Physical and chemical barriers
d. Immune system and phagocytes
2. The complement system consists of 17 different:
a. Glucose molecules
b. Proteins
c. Fatty acids
d. Immune responses
3. The most common immunodeficiency disorders are:
a. B-cell immunodeficiencies
b. T-cell immunodeficiencies
c¢. Induced by drug therapy
d. Caused by poor nutritional status
4. All of the following are carrier states EXCEPT:
a. Transient
b. Intermediate
¢. Chronic
d. Acute

5. Which of the following describes dissemination?

a. Shedding of microorganisms into the environment from a per-
son carrying them

b. Infections that develop within a hospital or are produced by
organisms during a patient’s hospitalization

c. Infections caused by a patient’s own flora

d. The first link in the chain of infections

6. All of the following describe the movement of organisms from
source to host EXCEPT:

a. Contact spread
b. Airborne
c. Dissemination

d. Vector borne
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7.

10.

Microorganisms frequently found in contaminated blood prod-
ucts include all of the following EXCEPT:

a. Pseudomonas spp.
b. Salmonella spp.
c. Enterobacter cloacae

d. Staphylococcus aureus

. All of the following can contribute to the contamination of I.V.

equipment and lead to sepsis EXCEPT:
a. Electronic infusion devices

b. Faulty handling of equipment

c. Injection ports

d. Three-way stopcocks

. Which of the following is the best intervention to prevent a central

venous catheter bloodstream infection?

a. Change administration set every 24 hours.
b. Avoid using the catheter for lab draws.

¢. Change transparent dressing every 72 hours.
d. Follow standard precautions.

Which of the following is the recommended method of culture for
purulent drainage?

a. Agar
b. Semiquantitative

c. Semiqualitative
d. Broth culture

Media Link: Use the enclosed CD-ROM for more practice questions,
answers, and rationales .
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W LEARNING Upon completion of this chapter, the reader will be able to:

OBJECTIVES 1. Define terminology related to fluids and elec-

trolytes.

2. Identify the three fluid compartments within the
body.

3. Identify the mechanisms of daily intake and daily
output.

4. State the functions of body fluids.

5. Differentiate between active and passive trans-
port.

6. Define the concept of osmosis and give examples
of this concept.

7. State the average insensible loss for a 24-hour
period.

8. Describe the homeostatic organs.

9. Compare and contrast the movement of water in
hypotonic, hypertonic, and isotonic solutions.

10. Summarize the major fluid balance disorders.

11. List the six major body systems assessed for fluid
balance disturbances.

12. Identify patients at risk for fluid volume deficit
and fluid volume excess using the nurses’” quick
assessment guide.

13. Determine the nursing diagnoses appropriate for
care of patients experiencing fluid balance distur-
bances.

4 GLOSSARY

Active transport The passage of a substance across a cell membrane by
an energy-consuming process that permits diffusion to take place
Antidiuretic hormone (ADH) A hormone secreted from the pituitary
mechanism that causes the kidney to conserve water; sometimes

referred to as the “water-conserving hormone”

Atrial natriuretic peptide (ANP) ANP is a cardiac hormone found in
the atria of the heart that is released when atria are stretched by high
blood volume.

Body fluid Body water in which electrolytes are dissolved

Diffusion The passage of molecules of one substance between the mol-
ecules of another to form a mixture of the two substances

Extracellular fluid (ECF) Body fluid located outside the cells

Filtration The process of passing fluid through a filter using pressure

Fingerprinting edema A condition in which imprints are made on the
hands, sternum, or forehead when pressed firmly by the fingers
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Homeostasis The ability to restore equilibrium under stress

Hypertonic Having an osmotic pressure greater than that of the solu-
tion with which it is compared

Hypotonic Having an osmotic pressure less than that of the solution
with which it is compared

Insensible loss Output that is difficult to measure, such as perspiration

Interstitial fluid Body fluid between the cells

Intracellular fluid (ICF) Body fluid inside the cells

Intravascular fluid The fluid portion of blood plasma

Isotonic Having an osmotic pressure equal to that of blood; equivalent
osmotic pressure

Oncotic pressure The osmotic pressure exerted by colloids (proteins), as
when albumin exerts oncotic pressure within the blood vessels and
helps to hold the water content of the blood in the intravascular com-
partment

Osmolarity A measure of solute concentration; the concentration of a
solution in terms of osmoles of solutes per liter of solution

Osmosis The movement of water from a lower concentration to a higher
concentration across a semipermeable membrane

Sensible loss Output that is measurable

Solute The substance that is dissolved in a liquid to form a solution

Syndrome of inappropriate antidiuretic hormone (SIADH) secretion
A condition in which excessive ADH is secreted, resulting in hypona-
tremia.

® Body Fluid Composition

Body fluid is body water in which electrolytes are dissolved. Water is the
largest single constituent of the body. Body water, the medium in which
cellular reactions take place, constitutes approximately 60 percent of total
body weight (TBW) in young men and 50 percent to 55 percent in women.
Table 3-1 provides percentages of total body fluids in relation to age and
gender. Fat tissue contains little water, and the percentage of total body
water varies considerably based on the amount of body fat present. In
addition, total body water progressively decreases with age, making up
about 50 percent of body weight in elderly people (Metheny, 2000). Figure
3-1 gives the values of total body fluids in relation to age and gender.

r l AGE-RELATED CONSIDERATIONS 3-1

Infants have proportionately more body fluid (70 to 80 percent of
body weight) than any other age group. Infants are at higher risk for fluid
volume deficit during times of increased external temperatures (NSNA,
1997).
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Image/Text rights unavailable

@ © CULTURAL AND ETHNIC CONSIDERATIONS 3-1

l A person’s age, gender, ethnic origin, and weight can influence the
amount and distribution of body fluid. For example, African Americans often
have larger numbers of fat cells compared with other groups and therefore
have less body water (Lee, Barrett, & Ignatavicius, 1996; Giger & Davidhizar,
1999).

60% 50%

WATER WATER
80%
WATER
20%
40% 50%

FATS AND FATS AND NG
FAT-FREE FAT-FREE SOLIDS

SOLIDS SOLIDS

Adult Male 60% Adult Female 50-52% Infant 80%

Figure 3-1 m Percentages of body water.



Copyright © 2005 F.A. Davis Company

CHAPTER 3 > Fundamentals of Fluid Balance ™ 85
% Fluid Distribution

Homeostasis is dependent on fluid and electrolyte intake, physiologic
factors (e.g., organ function, hormones, age, gender), disease state factors
(e.g., respiratory, renal, or metabolic disorders), external environmental
factors (e.g., temperature, humidity), and pharmacologic interventions.

Water is a neutral polar molecule in which one part is negative and
one part is positive. Body water is distributed within cells and outside
cells. The body water within the cells is referred to as intracellular fluid
(ICF); fluid outside the cells is referred to as extracellular fluid (ECF) and
consists of two compartments, interstitial and intravascular.
Approximately 40 percent of the TBW is composed of the fluid inside the
cell (ICF). Another 20 percent is fluid outside the cell (ECF) and is divided
between interstitial and intravascular spaces, with 15 percent in the tis-
sue (interstitial) space and only 5 percent represented in the plasma
(intravascular) space. The interstitial fluid lies outside of the blood vessels
in the interstitial spaces between the body cells. Lymph and cerebrospinal
fluids, although highly specialized, are usually regarded as interstitial
fluid. Figure 3-2 gives a representation of body water distribution.

An exchange of fluid occurs continuously among the intracellular,
plasma, and interstitial compartments. Of these three spaces, the intake or
elimination of fluid from the body directly influences only the plasma.
Changes in the intracellular and interstitial fluid compartments occur in
response to changes in the volume or concentration of the plasma.

The internal environment needs to remain in homeostasis; therefore,
the intake and output of fluid must be relatively equal, as in healthy indi-
viduals. In those who are ill, this balance is frequently upset, and intake
of fluid may become diminished or even cease. Output may vary with the
influences of increased temperature, increased respiration, draining
wounds, or gastric suction.

40% Cellular water
15% Interstitial water ————
5% _Intr lar water (plasma)
60% Total body weight

Figure 3-2 m Percentages of body fluid.
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Normal sources of water per day include liquids, water-containing
foods, and metabolic activity. In healthy adults, the intake of fluids varies
from 1000 to 3000 mL/day, and 200 to 300 mL is produced from oxidation.

@==> NURSING FAST FACT!

Normally intake and output will approximately balance only every
72 hours; thus, an appropriate target date would be 3 days (Cox, 2003).

The elimination of fluid is considered either sensible (measurable)
loss or insensible (not measurable) loss. Water is eliminated from the
body by the skin, kidneys, bowels, and lungs. Approximately 300 to 500
mL of water are eliminated through the lungs every 24 hours, and the skin
eliminates about 500 mL/day of water in the form of perspiration. The
amount of insensible loss in an adult is considered to be approximately
500 to 1000 mL/day. Losses through the gastrointestinal (GI) tract are only
about 100 to 200 mL per day because of the reabsorption of most of the
fluid in the small intestines. Increased losses of GI fluids can occur from
diarrhea or intestinal fistulas (Metheny, 2000).

Significant sweat losses occur if a patient’s body temperature ex-
ceeds 101°F (38.3°C) or if the room temperature exceeds 90°F. Insensible
loss is also increased if respirations are increased to more than 20 per
minute.

The formula to use in calculating a patients insensible water loss is
300 to 400 mL/m? per day. For example, for a patient with renal fail-
ure, fluid requirements could be estimated by calculating the patient’s
body surface area times the insensible water loss (Adelman & Solhung,
1996).

% Fluid Function

Fluids within the body have several important functions. The ECF trans-
ports nutrients to the cells and carries waste products away from the cells
by means of the capillary bed. Body fluids are in constant motion, main-
taining living conditions for body cells (Metheny, 2000). The fluid within
the body also has the following functions:

Maintains blood volume.

Regulates body temperature.

Transports material to and from cells.

Serves as an aqueous medium for cellular metabolism.

Assists digestion of food through hydrolysis.

Acts as a solvent in which solutes are available for cell function.
Serves as a medium for the excretion of waste.

N ebhRE
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Fluid Transport

Body fluids are in constant motion, maintaining healthy living conditions
for body cells. The ECF interfaces with the outside world and is modified
by it, but the ICF remains stable. Nutrients are transported by the ECF to
the cells and wastes are carried away from the cells by means of the cap-
illary bed (Metheny, 2000).

Movement of particles through the cell membrane occurs through
four transport mechanisms: passive transport consisting of diffusion,
osmosis, and filtration; and active transport. Materials are transported
between the ICF and the extracellular compartment by these four mecha-
nisms.

Passive Transport

Passive transport is also referred to as non—carrier-mediated transport. It
is the movement of solutes through membranes without the expenditure
of energy. It includes passive diffusion, osmosis, and filtration.

Passive Diffusion

Passive diffusion is the passive movement of water, ions, and lipid-solu-
ble molecules randomly in all directions from a region of high concentra-
tion to an area of low concentration. Diffusion occurs through
semipermeable membranes by the substance either passing through
pores, if small enough, or dissolving in the lipid matrix of the membrane
wall. If there is no force opposing diffusion, particles distribute them-
selves evenly. Many substances can diffuse through the cell membrane,
and these substances diffuse in both directions. Influencing factors in the
diffusion process are concentration differences, electrical potential, and
pressure differences across the pores. The greater the concentration, the
greater the rate of diffusion. An increase in the pressure on one side of the
membrane increases the molecular forces striking the pores, thus creating
a pressure gradient. Other factors that increase diffusion include:

B Increased temperature

Increased concentration of particles

Decreased size or molecular weight of particles

Increased surface area available for diffusion

Decreased distance across which the particle mass must diffuse

Osmosis

Osmosis is the passage of water from an area of lower particle concentra-
tion toward one with a higher particle concentration across a semiperme-
able membrane. For a membrane to be semipermeable, it has to be more
permeable to water than to solutes. This process tends to equalize the con-
centration of two solutions.
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Osmosis governs the movement of body fluids between the intracel-
lular and ECF compartments, therefore influencing the volumes of fluid
within each. Through the process of osmosis, water flows through semi-
permeable membranes toward the side with the higher concentration of
particles (thus from lower to higher).

PRESSURE GRADIENTS

Osmotic pressure develops as solute particles collide against each other.
Osmotic pressure is the amount of hydrostatic pressure needed to draw a
solvent (water) across a membrane and develops as a result of a high con-
centration of particles colliding with one another. As the number of
solutes increases, there is less space for them to move; therefore, they
come in contact with one another more frequently. This results in
increased osmotic pressure, which causes the movement of fluid. The con-
centration of a solution containing more solute particles increases the col-
lisions, creating a greater osmotic pressure. Osmotic pressure is measured
in milliosmoles (mOsm). Whereas osmolality is the total number of
osmotically active particles per liter of solution, osmolarity refers to the
concentration of a solute in a volume of solution. The two terms are very
similar and are often used interchangeably. The term osmolarity will be
used within this text. The normal osmolarity of body fluids is between 280
and 295 mOsm/L, and the osmolarity of ICF and ECF is always equal.

Filtration

Filtration is the transfer of water and a dissolved substance from a region
of high pressure to a region of low pressure; the force behind it is hydro-
static pressure (i.e., the pressure of water at rest). The pumping heart pro-
vides hydrostatic pressure in the movement of water and electrolytes
from the arterial capillary bed to the interstitial fluid. Diffusion moves in
either direction across a membrane; filtration moves in one direction only
because of the hydrostatic, osmotic, and interstitial fluid pressure.
Filtration is likened to pouring a solution through a sieve: the size of the
opening in the sieve determines the size of the particle to be iltered.

The plasma compartment contains more protein than the other com-
partments. Plasma protein, composed of albumin, globulin, and fibrino-
gen, creates an osmotic pressure at the capillary membrane, preventing
fluid from the plasma from leaking into the interstitial spaces. Osmotic
pressure created within the plasma by the presence of protein (mainly
albumin) keeps the water in the vascular system.

Starling’s Law of the Capillaries maintains that under normal cir-
cumstances, fluid filtered out of the arterial end of a capillary bed and
reabsorbed at the venous end is exactly the same, creating a state of near-
equilibrium. However, it is not exactly the same because of the difference
in hydrostatic pressure between the arterial and venous capillary beds.
The pressure that moves fluid out of the arterial end of the network
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amounts to a total of 28.3 mm Hg. The pressure that moves fluid back into
circulation at the venous capillary bed is 28 mm Hg. The small amount of
excess remaining in the interstitial compartment is returned to the circu-
lation by way of the lymphatic system (Craven and Himle, 2003).

Active Transport

Active transport is similar to diffusion except that it acts against a con-
centration gradient. Active transport occurs when it is necessary for ions
(electrolytes) to move from an area of low concentration to an area of high
concentration. By definition, active transport implies that energy expen-
diture must take place for the movement to occur against a concentration
gradient. Adenosine triphosphate (ATP) is released from the cell to enable
certain substances to acquire the energy needed to pass through the cell
membrane. For example, sodium concentration is greater in ECF; there-
fore, sodium tends to enter by diffusion into the intracellular compart-
ment. This tendency is offset by the sodium—potassium pump, which is
located on the cell membrane. In the presence of ATP, the sodium—potas-
sium pump actively moves sodium from the cell into the ECF. Active
transport is vital for maintaining the unique composition of both the
extracellular and intracellular compartments (Lee, 1996).

Tonicity of Solutions

Tonicity reflects the concept and effects of hypotonic, hypertonic, and iso-
tonic solutions on body cells. Figure 3-3 shows the movement of water by
osmosis in hypotonic, isotonic, and hypertonic solutions.

Isotonic solutions, such as 0.9 percent sodium chloride (NaCl) and 5
percent dextrose in water, have the same osmolarity as that of normal
body fluids. Solutions that have an osmolarity of 250 to 375 mOsm/L are
considered isotonic solutions and have no effect on the volume of fluid
within the cell; the solution remains within the ECF space. Isotonic solu-
tions are used to expand the ECF compartment.

Hypotonic solutions contain less salt than the intracellular space, and
when infused, have an osmolarity below 250 mOsm/L, and move water
into the cell, causing the cell to swell and possibly burst. By lowering the
serum osmolarity, the body fluids shift out of the blood vessels into the
interstitial tissue and cells. Hypotonic solutions hydrate cells and can
deplete the circulatory system. An example of a hypotonic solution is 2.5
percent dextrose in water.

Hypertonic solutions, conversely, cause the water from within a cell
to move to the ECF compartment, where the concentration of salt is
greater, causing the cell to shrink. Hypertonic solutions have an osmolar-
ity of 375 mOsm/L and above. These solutions are used to replace elec-
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Figure 3-3 m Effects of fluid shifts in isotonic, hypertonic, and hypotonic
states. (From Kuhn, M. [1998]. Pharmacotherapeutics: A Nursing Process
Approach, [4th ed.]. Philadelphia: EA. Davis, p. 128, with permission.)

trolytes. When hypertonic dextrose solutions are used alone, they also are
used to shift ECF from interstitial tissue to plasma. Examples of hyper-
tonic solutions are 5 percent dextrose and 0.9 percent NaCl, or 5 percent
dextrose and Normosol M. Figure 34 illustrates tonicity (osmolarity)
ranges.

The osmotic pressure exerted by plasma colloids (or solutes) is called
the colloid osmotic pressure, or oncotic pressure. For example, albumin, a
plasma protein, exerts oncotic pressure within the blood vessels and helps
to hold the water content of the blood in the intravascular space.
Proteinates are concentrated in the intracellular (55 mEq/L) and intravas-
cular (16 mEq/L) spaces.
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& Homeostatic Mechanisms

Regulation of body water is maintained through exogenous sources, such
as the intake of food and fluids, and endogenous sources that are pro-
duced within the body through chemical oxidation process. Several
homeostatic mechanisms are responsible for the balance of fluid and elec-
trolytes within the body. When homeostasis is compromised and imbal-
ance occurs, the nurse is responsible for managing the exogenous source
of fluid replacement via the intravenous route. The endogenous sources
of balancing fluid and electrolytes is through various body systems such
as the renal, cardiovascular, lymphatic, respiratory, nervous, and
endocrine systems.

Renal System

The kidneys are vital to the regulation of fluid and electrolyte balance.
They normally filter 170 L of plasma per day in the adult, and excrete only
1.5 L of urine (Metheny, 2000). They act in response to bloodborne mes-
sengers such as aldosterone and antidiuretic hormone (ADH).
Renal failure can result in multiple fluid and electrolyte imbalances.
Functions of the kidneys in fluid balance are:

B Regulation of fluid volume and osmolarity by selective retention
and excretion of body fluids

B Regulation of electrolyte levels by selective retention of needed
substances and excretion of unneeded substances

B Regulation of pH of ECF by excretion or retention of hydrogen (H*)
ions

B Excretion of metabolic wastes (primarily acids) and toxic sub-
stances (Metheny, 2000).

Cardiovascular System

The pumping action of the heart provides circulation of blood through the
kidneys under pressure, which allows urine to form. Renal perfusion
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makes renal function possible. Blood vessels provide plasma to reach the
kidneys in sufficient volume (20 percent of circulating blood volume) to
permit regulation of water and electrolytes. Baroreceptors located in the
carotid sinus and aortic arch respond to the degree of stretch of the vessel
wall, which has been generated by the body’s reaction to hypovolemia.
The response is to stimulate fluid retention.

Atrial natriuretic peptides (ANPs) are produced by the cardiac atria,
ventricles, and other vessels in response to changes in ECF volume. When
atrial pressure is increased, ANP released by the atrial and ventricular
myocytes acts on the nephron to increase sodium excretion. Low atrial
pressures inhibit release of ANP (Levin, Gardner, & Samson, 1998).

Lymphatic System

The lymphatic system serves as an adjunct to the cardiovascular system
by removing excess interstitial fluid (in the form of lymph) and returning
it to the circulatory system. Fluid overload in the interstitial compartment
would result if it were not for the lymphatic system. The lymphatic sys-
tem carries the excess fluid, proteins, and large particulate matter that
cannot be reabsorbed by the venous capillary bed out of interstitial com-
partment. This minute excess (0.3 mm Hg) accounts for 1.7 mm/min of
fluid. If the lymphatic system were not continually removing this small
amount of fluid, there would be a buildup of 2,448 mL in the interstitial
compartment over a 24-hour period of time (Guyton & Hall, 2000).

Respiratory System

The lungs are vital for maintaining homeostasis and constitute one of the
main regulatory organs of fluid and acid—base balance. The lungs regulate
acid-base balance by regulation of the hydrogen (H") ion concentration.
Alveolar ventilation is responsible for the daily elimination of approxi-
mately 13,000 mEq of H* ions. The kidneys excrete only 40 to 80 mEq of
hydrogen daily. Under influence from the medulla, the lungs act
promptly to correct metabolic acid—base disturbances by regulating the
level of carbon dioxide (a potential acid) in the ECFE. Functions of the
lungs in body fluid balance are:

B Regulation of metabolic alkalosis by compensatory hypoventila-
tion, resulting in carbon dioxide (CO,) retention and increased
acidity of the ECF

B Regulation of metabolic acidosis by causing compensatory hyper-
ventilation, resulting in CO, excretion and thus decreased acidity of
the ECF

B Removal of 300 to 500 mL of water daily through exhalation (i.e.,
insensible water loss)
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Nervous System

The nervous system is the master controller in fluid and electrolyte bal-
ance through the regulation of sodium and water. It does this by stimu-
lating various endocrine glands.

Endocrine System

The glands responsible for aiding in homeostasis are the adrenal, pitu-
itary, and parathyroid glands. The endocrine system responds selectively
to the regulation and maintenance of fluid and electrolyte balance
through hormonal production.

Antidiuretic Hormone

The pituitary hormone influencing water balance is ADH. This hormone,
which affects renal reabsorption of water, is also referred to as the “water-
conserving” hormone. Functions of ADH are to maintain osmotic
pressure of the cells by controlling renal water retention or excretion and
control of blood volume. Excessive secretion of ADH results in the syn-
drome of inappropriate antidiuretic hormone secretion (SIADH).

Numerous drugs (e.g., alcohol, narcotic antagonists) can block ADH
activity or reduce tubular responsiveness to ADH (e.g., lithium, demeclo-
cycline), which results in increased water loss, causing dehydration and
hypernatremia. Increased ADH secretion may be the result of disease
(hormone-secreting tumor, head injury) or may be related to administra-
tion of drugs such as chlorpropamide, Vinca alkaloids, carbamazepine,
cyclophosphamide, tricyclic antidepressants, and narcotics (Metheny,
2000).

Factors that affect ADH production include pathologic changes such
as head trauma and tumors of the brain or lung, anesthesia and surgery
in general, and certain drugs (e.g., barbiturates, antineoplastics, and non-
steroidal anti-inflammatory agents [NSNA, 1997]).

Parathyroid Hormone

The parathyroid gland is embedded in the corners of the thyroid gland
and regulates calcium and phosphate balance. The parathyroid gland
influences fluid and electrolytes, increases serum calcium levels, and low-
ers serum phosphate levels. A reciprocal relationship exists between extra-
cellular calcium and phosphate levels. When the serum calcium level is
low, the parathyroid gland secretes more parathyroid hormone. The
parathyroid hormone can increase the serum calcium level by promoting
calcium release from the bone as needed. Calcitonin from the thyroid
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gland increases calcium return to the bone, thus decreasing the serum cal-
cium level.

Aldosterone

The adrenal cortex is important in fluid and electrolyte homeostasis. The
primary adrenocortical hormone influencing the balance of fluid is aldos-
terone. Aldosterone is responsible for the renal reabsorption of sodium,
which results in the retention of chloride and water and the excretion of
potassium. Aldosterone also regulates blood volume by regulating
sodium retention.

Epinephrine

Epinephrine, another adrenal hormone, increases blood pressure,
enhances pulmonary ventilation, dilates blood vessels needed for emer-
gencies, and constricts unnecessary vessels.

Cortisol

When produced in large quantities, the adrenocortical hormone cortisol
can produce sodium and fluid retention and potassium deficit.

% Physical Assessment

A body systems approach is the best method for assessing fluid and elec-
trolyte imbalances related to LV. therapy. The L.V. nurse should begin by
assessing vital signs, infusion rate of any L.V. infusions, and intake and
output. Nurses should follow this with assessing body systems at the
beginning of each shift and as needed to monitor the patient’s reactions to
infusions.

Neurologic

There is a progressive loss of central nervous system (CNS) cells with
advancing age, along with decreases in the sense of smell and tactile
sense. The thirst mechanism in elderly people may be diminished and is
a poor guide for fluid needs in older patients. An ill patient may not be
able to verbalize thirst or to reach for a glass of water. Sensation of thirst
depends on excitation of the cortical centers of consciousness. The use of
antianxiety agents, sedatives, or hypnotic agents can lead to confusion
and disorientation, causing the patient to forget to drink fluid. Changes in
orientation can also be an indicator of fluid volume deficit.

Fluid volume changes, along with serum sodium levels, affect the
CNS cells, resulting in irritability, lethargy, confusion, seizures, or coma.
CNS cells shrink in sodium excess and expand when serum sodium lev-
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els decrease. Assessment of neuromuscular irritability is particularly
important when imbalances in calcium, magnesium, and sodium are
suspected.

Cardiovascular

The quality and rate of the pulse are indicators of how the patient is tol-
erating the ECF volume. The peripheral veins in the extremities provide a
way of evaluating plasma volume. Examination of hand veins can evalu-
ate the plasma volume. Peripheral veins empty in 3 to 5 seconds when the
hand is elevated and fill in the same amount of time when the hand is
lowered to a dependent position. Peripheral vein filling takes longer than
3 to 5 seconds in patients with sodium depletion and extracellular dehy-
dration (Metheny, 2000). Slow emptying of the peripheral veins indicates
overhydration and excessive blood volume (Fig. 3-5).

A 20-mm Hg fall in systolic blood pressure when shifting from the
lying to the standing position (postural hypotension) usually indicates
fluid volume deficit. The jugular vein provides a built-in manometer for
evaluation of central venous pressure (CVP). Changes in fluid volume are
reflected by changes in neck vein filling.

Figure 3-5 m Hand vein assessment. Peripheral vein takes longer than 3 to 5 seconds in
patients with sodium depletion and dehydration. Slow emptying of hand veins indicates
overhydration and excessive blood volume.
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Figure 3—6 m Jugular venous distention.

The external jugular veins, with the patient supine, fill to the anterior
border of the sternocleidomastoid muscle. Flat neck veins in the supine
position indicate a decreased plasma volume. When the patient is in a 45-
degree position, the external jugular distends no higher than 2 cm above
the sternal angle. Neck veins distending from the top portion of the ster-
num to the angle of the jaw indicate elevated venous pressure (Fig. 3-6).

Edema indicates expansion of interstitial volume. Edema can be local-
ized (usually caused by inflammation) or generalized (usually related
to capillary hemodynamics). Edema should be assessed over bony sur-
faces of the tibia or sacrum and rated according to severity from 1+ to 4+
(Fig. 3-7; Horne & Swearingen, 1993). The presence of periorbital edema
suggests significant fluid retention.

Respiratory

A key to the assessment of circulatory overload is an assessment of the
lung fields. Changes in respiratory rate and depth may be a compensatory
mechanism for acid-base imbalance. Tachypnea (>20 respirations/min)
and dyspnea indicate fluid volume excess (FVE). Moist crackles in the
absence of cardiopulmonary disease indicate fluid volume excess.
Shallow, slow breathing may indicate metabolic alkalosis or respiratory
acidosis. Deep, rapid breathing may indicate respiratory alkalosis or
metabolic acidosis. See Chapter 4 for further information on acid-base
imbalances.
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Skin Appearance and Temperature

Assessments of temperature and skin surface are key in determining fluid
volume changes. Pinching the area over the hand, inner thigh, sternum,
or forehead can assess skin turgor. In a well-hydrated person, the pinched
skin immediately falls back to its normal position when released. This
elastic property, referred to as turgor, is partially dependent on interstitial
fluid volume. In a person with a fluid volume deficit, the skin may remain
slightly elevated for many seconds. In persons older than age 55 years,
skin turgor is generally reduced because of loss of elasticity, particularly
in areas that have been exposed to the sun. A more accurate assessment
can be made on the skin over the sternum. A condition in which place-
ment of fingers firmly on the patient’s skin leaves finger imprints is called
fingerprinting and is associated with fluid volume excess. Fingerprint
edema is demonstrated by pressing a finger firmly over the sternum or
other body surface for a period of 15 to 30 seconds. Upon removal of the
finger, a positive sign is a visible fingerprint similar to that seen when a
fingerprint is made on paper with ink.

r l AGE-RELATED CONSIDERATIONS 3-2

In infants (children less than 18 months of age) sunken or depressed
fontanels can indicate fluid volume deficit (FVD) and bulging fontanels can
indicate FVE.

Special Senses

The eyes, mouth, lips, and tongue are also key indicators of fluid volume
imbalances. The absence of tearing and salivation in a child is a sign of
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fluid volume deficit. In a healthy person, the tongue has one longitudinal
furrow. In the person with fluid volume deficit, the tongue has additional
longitudinal furrows and is smaller because of fluid loss (Metheny, 2000).

Mucous membranes often show the first sign of dehydration; as fluid
volume decreases, the mouth becomes dry and sticky and the lips dry and
cracked. In fluid volume deficit, the patient’s eyes tend to appear sunken;
in significant fluid volume excess, periorbital edema is present.

@=> NURSING FAST FACT!

Good oral hygiene is imperative with mouth-breathing patients. If the
patient is receiving good oral care and the crusted, dry, furrowed tongue is not
improving, fluid volume deficit must be restored to aid in solving this problem.

Body Weight

Taking daily weights of patients with potential fluid imbalances is an
important clinical tool. Accurate body weight measurement is a better
indicator of gains or losses than intake and output records. A loss or gain
of 1 kg (2.2 1b.) reflects a loss or gain of 1 L of body fluid. Generally, fluid
volume deficit or excess is considered severe when body weight fluctu-
ates 15 percent higher or lower than the person’s normal body weight.
Table 3-2 provides a summary of assessment findings that indicate altered
fluid status.

% Fluid Volume Imbalances

Fluid volume imbalances may reflect an increase or a decrease in total
body fluid or an altered distribution of body fluids. There are two major
alterations in ECF balance: fluid volume deficit (FVD) and fluid volume
excess (FVE).

Fluid Volume Deficit

Extracellular fluid volume deficit reflects a contracted vascular compart-
ment caused by either a significant ECF loss or by an accumulation of
fluid in the interstitial space. ECF deficit is also referred to as dehydration.
It may be caused by an actual decrease in body water; excessive fluid loss
or inadequate fluid intake; or a relative decrease in which fluid (plasma)
shifts from the intravascular compartment to the interstitial space, a
process called “third spacing” (Lee, 1996).
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> Table 3-2 QUICK ASSESSMENT GUIDE FOR FLUID IMBALANCES
Area of Signs and Symptoms Signs and Symptoms
Clinical of Fluid Volume Deficit of Fluid Volume Excess
Assessment (Hypovolemia) (Hypervolemia)
Neurologic Irritability, restlessness,
lethargy, and confusion
(seizures and coma)
Thirst
Cardiovascular Frank or postural hypotension Galloping heart rhythm
Tachycardia (heart S, sound) in adults
Weak, thready pulses Distended neck veins
Decreased pulse volume Slow emptying hand veins
Cool extremities with delayed CVP >11 cm
capillary refill Bounding full pulse
Flat neck veins Peripheral edema
Poor peripheral vein filling
CVP <4 cm
Respiratory Lungs clear Tachypnea (>20) and

Skin appearance
and temperature

Eyes

Lips
Oral cavity

Urine volume
and concentration

Body weight

Diagnostic lab
findings

Respirations may be rapid and
shallow

Low-grade fever

Dry skin “tenting”

Sunken or depressed fontanels
in infants

Decreased tearing and dry
conjunctiva

Sunken eyeballs

Dry lips, cracked

Dry

Increased tongue furrows,
tongue coated

Sticky mucous membranes

Concentrated urine and low
volume <30 mL/h

Specific gravity high: >1.035

Weight loss

5%: Mild deficit

5-10%: Moderate deficit

>15%: Severe deficit (especially

important in children)

Normal or high HCT and BUN

Serum osmolarity elevated:
>300

Serum sodium >150 mEq

Serum glucose elevated >120
mg/dL

dyspnea

Irritated cough

Hacking cough — becoming
moist and productive

Labored breathing

Wet lung sounds (moist
crackles)

Decreased O, saturation

Cyanosis

Bulging fontanels in children
under 18 months

Edematous skin (1+ to 4+)

Periorbital edema

No change
No change

Polyuria
Specific gravity <1.010

Weight gain (acute and
rapid)

5%: Mild excess

5-10%: Moderate excess

>15%: Severe excess

HCT and BUN decreased

Serum osmolality is low
<275

Serum sodium low <125
mEq

Sources: Hogan & Wane (2003); Metheny (2000); Hudak (1998).
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Etiology and Pathophysiology

Fluid volume deficit occurs when there is either an excessive loss of body
water or an inadequate compensatory intake. The ECF consists predomi-
nantly of the electrolytes sodium and chloride, both of which tend to
attract water; loss of these electrolytes also leads to loss of water.

Gastrointestinal dysfunction is the most common cause of ECF
deficit. Other common causes include overzealous use of diuretics and
diaphoresis.

Fluid volume deficit also occurs in third spacing, which is caused by
peritonitis, intestinal obstruction, postoperative conditions, throm-
bophlebitis, acute pancreatitis, ascites, fistula drainage, and burns. Third
spaces are extracellular body spaces in which fluid is not normally
present in large amounts, but in which fluid can accumulate. Fluid that
accumulates in third spaces is physiologically useless because it is not
available for use. Common sites for collection of third space fluid include
tissue spaces, abdomen, pleural spaces, and pericardial space (Hogan &
Wave, 2003).

CoMMON CAUSES OF ISOTONIC DEHYDRATION

® Hemorrhage resulting in loss of fluid, electrolytes, proteins, and
blood cells in proportional amounts, resulting in inadequate vascu-
lar volume

B Gastrointestinal losses: Vomiting, diarrhea, nasogastric suction,
drainage from fistulas and tubes. Tend to be lost in proportional
amounts

® Fever, environmental heat, and diaphoresis result in profuse sweat-
ing, causing water and sodium loss.

B Burns initially damage skin and capillary membranes allow fluid,
electrolytes, and proteins to escape into the burned tissue, resulting
in inadequate vascular volume.

B Diuretics cause excessive loss of fluid and electrolytes in propor-
tional amounts.

B Third space fluid shifts occur when fluid moves from the vascular
space into physiologically useless extracellular spaces.

CoMMON CAUSES OF HYPERTONIC FLUID DEHYDRATION

B Inadequate fluid intake: Patients who are unable to respond to
thirst independently (bedridden, infants, elderly who have nausea,
and anorexia, those who are NPO without adequate fluid replace-
ment)

B Decreased water intake results in ECF solute concentration and
leads to cellular dehydration (Hogan & Wane, 2003).

r l AGE-RELATED CONSIDERATIONS 3-3

Infants and small children are prone to dehydration. In addition, in
| children, skin turgor begins to diminish after 3 percent to 5 percent of body
weight is lost.
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Clinically, ECF deficit is characterized by acute weight loss, altered
cardiovascular function that reflects the underlying ECF volume deficit,
and complaints of nausea and vomiting. The cardiovascular assessment is
the most important part of the process to determine plasma volume
changes. In a patient who is hypovolemic, the heart rate increases, the
blood pressure decreases, and the peripheral pulses are weak. Symptoms
reflect a dehydrated state with sunken eyeballs, poor skin turgor, and
oliguria commonly seen.

Laboratory findings in fluid volume deficit reflect hemoconcentration
with the serum hemoglobin, hematocrit, and proteins increased. Blood
urea nitrogen is elevated above 20 mg/100 mL. The urine specific gravity
reflects high solute concentration of more than 1.030.

Treatment

Treatment for patients with an ECF volume deficit entails fluid replace-
ment (orally or intravenously) until the oliguria is relieved and the car-
diovascular and neurologic systems stabilize. Isotonic electrolyte
solutions such as 0.9 percent NaCl or lactated Ringer’s solution are used
to treat hypotensive patients with a fluid volume deficit. A hypotonic elec-
trolyte solution (0.45 percent NaCl) is often used to provide electrolyte
and free water for renal excretion of metabolic wastes (Metheny, 2000).

@=—> NURSING FAST FACT!

Extreme caution must be exercised in fluid replacement therapy to avoid
fluid overload.

Fluid Volume Excess

Extracellular fluid volume excess causes an expansion of the ECF com-
partment. The primary cause of ECF excess is cardiovascular dysfunction.
Fluid volume excess is always secondary to an increase in total body
sodium content, which causes total body water increase. Normally, the
posterior pituitary decreases secretion of the ADH when excess water
moves into the cells. This causes the kidney to eliminate excess fluid.
However, if a patient has an excessive secretion of ADH, the water will be
retained, placing the patient at risk for fluid volume excess. Excessive
secretion of ADH can be caused by fear, pain, postoperative reaction 12 to
24 hours after surgery, and acute infections.

Etiology and Pathophysiology

Conditions that cause isotonic overhydration include excessive adminis-
tration of oral or I.V. fluids, excessive irrigation of body cavities or organs,
and use of hypotonic fluids to replace isotonic fluid losses (Lee, 1996).
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Hypotonic fluid overload is also called water intoxication. Conditions
that cause hypotonic overload are SIADH, excessive water intake, and
congestive heart failure.

r l AGE-RELATED CONSIDERATIONS 3-4

If a person has poor cardiac function, fluid overload can occur rapidly
and lead to congestive heart failure. This is a common issue for older per-
sons, who often have poor cardiac reserve and a history of cardiovascular
disease.

Clinically, ECF volume excess has distinct signs and symptoms, the
most prominent being weight gain. Edema is usually not apparent until 2
to 4 kg of fluid has been retained. Alterations in respiratory and cardio-
vascular function are present and include hypertension and tachycardia.
In addition to common assessment findings, some patients also experi-
ence confusion, altered levels of consciousness, skeletal muscle weakness,
and increased bowel sounds.

In fluid volume excess, the hematocrit may be decreased because of
hemodilution. The serum sodium and serum osmolarity will be decreased
if hypervolemia occurs as a result of excessive retention of water.

CoMMON CAUSES OF ISOTONIC OVERHYDRATION

B Renal failure leading to decreased excretion of water and sodium

B Heart failure leading to stasis of blood in the circulation and
venous congestion

B Excess fluid intake of isotonic I.V. solutions

B High corticosteroid levels due to therapy, stress response, or dis-
ease results in sodium and water retention

® High aldosterone levels (stress response adrenal dysfunction, liver
damage, and metabolic problems)

CoMMON CAUSES OF HYPOTONIC OVERHYDRATION (WATER INTOXICATION)

B More fluid is gained than solute.

B Serum osmolality falls, causing cells to swell (cerebral cells most
sensitive).

B Repeated plain water enemas.

® Overuse of hypotonic LV. fluids

B In young children or infants, ingestion of inappropriately prepared
formula and/or excess water (use of water bottle as pacifier)

® SIADH causes kidneys to retain large amounts of water without
sodium.

@=> NURSING FAST FACT!
Severe or prolonged isotonic fluid volume excess in a person with a

healthy heart and kidneys is usually compensated through increasing urinary
output.
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Treatment

Treatment of ECF volume excess is directed toward sodium and fluid
restriction, administration of diuretics, and the treatment of the underly-
ing cause (Hudak, 1998). Evaluate the patient for potential fluid and elec-
trolyte imbalances as a consequence of corrective therapy.

NURSING PLAN OF CARE
FLUID VOLUME DEFICIT

Focus Assessment
Subjective

® History of contributing factors and cause, such as diabetes melli-
tus, cardiac disease, or GI disorder

B Recent weight changes

® History of laxative, enema, or diuretic overuse

B Fluid intake (amount and type)

Objective

B Present weight

B Changes in mentation

® Dry skin and mucous membranes
B Poor skin turgor

B Decreased pulse rate

B Decreased blood pressure

B Slow vein filling

B Decreased urine output

B Increased urine specific gravity

Patient Outcome/Evaluation Criteria

Patient will:

B Increase fluid intake to a minimum of 2000 mL/d unless con-
traindicated.

B Maintain adequate urine output and urine specific gravity within
normal range.

® Be free of injury.

B Verbalize adequate knowledge of condition as well as therapeutic
and preventive measures.

Nursing Diagnoses

® Fluid volume deficit related to failure of regulatory mechanisms
® Fluid volume deficit related to loss of body fluid and inadequate
fluid intake

(Continued on following page)
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NURSING PLAN OF CARE
FLUID VOLUME DEFICIT (Continued)

® Fluid volume deficit related to high-solute tube feedings

B Altered oral mucous membrane related to dehydration

B Altered tissue perfusion: Cardiopulmonary, renal, and peripheral
related to hypovolemia

® Risk of injury related to altered sensorium and/or dizziness

® Knowledge deficit related to risk factors and therapeutic interven-
tions

Nursing Management

1. Monitor specific assessment parameters related to management
of FVD including;:

oA T

. Fluid status, including intake and output

. Specific gravity

. Trends of daily weights

. Hemodynamic status (central venous pressure when appro-

priate)

. Signs of dehydration: Skin turgor, delayed capillary refill,

weak or thready pulse, severe thirst, dry mucous membranes,
decreased urine output, and hypotension

2. Monitor fluid loss (e.g., bleeding, vomiting, diarrhea, and per-
spiration tachypnea).

3. Administer isotonic solutions for extracellular rehydration, if
appropriate.

4. Administer hypotonic solutions for intracellular rehydration, if
appropriate.

5. Monitor laboratory data:

IS

a. Hemoglobin and hematocrit
b. Serum sodium levels

c. Serum osmolarity

d. Blood urea nitrogen (BUN)
e. Serum electrolytes
Encourage oral fluid intake.
Promote skin integrity.

Provide comfort measures:

a. Good oral hygiene (rinse with equal parts of peroxide and

water)

b. Avoid glycerin and lemon or alcohol-based mouthwashes,

which can be drying.

c. Avoid sucking on hard candy or chewing gum, both of which

can further dry oral mucous membranes.
d. Apply lip moisturizer.
e. Apply skin moisturizer.

(Continued on following page)
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9. Listen to client’s concerns, answer questions, and implement

teaching.

10. Implement measures to control nausea, vomiting, diarrhea, and
high fever.

11. Administer medication therapy according to orders:
a. Antiemetics to prevent fluid losses due to nausea and

vomiting

b. Antidiarrheals to prevent fluid losses for the GI tract
c. ADH vasopressin used to corrrect diabetes insipidus
d. Antipyretics used to control fever and minimize fluid losses.

Sources: Sparks & Taylor (1998), Hogan & Wane (2003), Metheny (2000).

. Patient Education

Teach patient risk factors for development of FVD or FVE.

Explain to client and family the reasons for intake and output records.
Teach the client to keep track of oral liquids consumed.

Assess patient’s understanding of the type of fluid loss being experienced.

Give verbal and written instructions for fluid replacement (drink at least 3
quarts of liquid).

Teach to increase the fluid intake during hot days, in the presence of fever
or infection and to decrease activity during extreme weather.

Teach how to observe for dehydration (especially in infants).

Instruct to seek medical consultation for continued dehydration.

Teach appropriate use of laxatives, enemas, and diuretics.

Inform patient to notify physician if he or she has excessive edema or
weight gain (more than 2 Ibs) or increased shortness of breath.

Provide literature concerning low-salt diets; consult with dietitian if
necessary.

Provide dietary education.

Teach to avoid adding salt while cooking.

Teach to avoid caffeine because it acts as a mild diuretic.

m Home Care lssues

Consider home care visit to follow up with patients with diabetes mellitus, car-
diovascular disorders, and severe GI disorders.

Follow up with home care for patients taking drug therapy (diuretics) for
edema.

Consider home care visit to follow up on diet and instructions on use of
pressure stockings.
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Fluid is distributed in three compartments: intracellular (40 percent),
intravascular (5 percent), and interstitial (15 percent); total body weight
in water is 60 percent for an average adult.

Fluid is transported passively by filtration, diffusion, and osmosis.

Electrolytes are actively transported by ATP on cell membranes and the

sodium—potassium pump.

Osmosis is the movement of water from a lower concentration to a

higher concentration across a semipermeable membrane.

The osmolarity of I.V. solutions has the following ranges:

m Isotonic solutions: 250 to 375 mOsm/L

= Hypotonic solutions: less than 250 mOsm/L

m Hypertonic solutions: greater than 375 mOsm/L

The homeostatic organs that regulate fluid and electrolyte balance

include the kidneys; heart and blood vessels; lungs; and adrenal,

parathyroid, and pituitary glands

There are six areas to assess for fluid balance: neurologic status, cardio-

vascular, respiratory, integumentary, special senses, and body weight

Fluid imbalances fall into two categories:

m Fluid volume deficit caused primarily by disorders of the GI system;
signs and symptoms reflect a dehydrated individual. Treatment is
aimed at rehydration with isotonic sodium chloride.

m Fluid volume excess caused primarily by cardiovascular dysfunction,
renal or endocrine dysfunction, and too-rapid administration of I.V.
fluids; signs and symptoms reflect fluid overload. Treatment is aimed
at decreasing the sodium level, using diuretics to increase the excre-
tion of fluids, and treating the underlying cause.

Hm Critical Thinking: Case Study

A 28-year-old woman was admitted to the hospital after 3 days of severe
diarrhea and poor intake. She weights 120 Ibs on admission (preillness
weight, 132 Ibs). Her BUN was 40 mg/dL and serum creatinine was 1.3
mg/dL, potassium was 3.2 mEq/mL, sodium 133 mEq/mL. Skin turgor
was poor and urine output was 15 mL/h (specific gravity 1.030). Blood
pressure was 120/80 mm Hg recumbent and fell to 98/60 mm Hg when
erect. Pulse was 110, weak and regular.

What percent of body weight did she lose? What concerns would the
nurse have regarding her laboratory work? What nursing diagnoses would
apply to this woman? What I.V. fluids would you anticipate the physician to
order? What nursing interventions would be implemented?

Media Link:  Use the enclosed CD-ROM for more critical thinking
activities, and the answers to this case study.
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Post-Test

1. Asolution of 5 percent dextrose and 0.9 percent NaCl has an osmo-
larity of 559. By administering this, you know that fluid will move
from the space to the ___ space.

a. Intracellular, vascular
b. Vascular, interstitial
c. Interstitial, cellular
2. A solution of 0.45 percent NaCl has an osmolarity of 154. By

administering this, you know that fluid will move from the ___
space to the ___ space.

a. Intracellular, vascular
b. Vascular, intracellular
c. Interstitial, cellular
3. Lactated Ringer’s solution has an osmolarity of 273. By adminis-
tering this, you know that fluid will:
a. Move from the intracellular space to the vascular space.
b. Move from the vascular space to the cellular space.
c. Stay in the vascular space.

4. Water is transported passively by:
a. Diffusion
b. Osmosis
c. Filtration
d. All of the above

5. You have just completed a physical assessment of a 68-year-old
man. He knows who he is but is unsure of where he is (previous
orientation normal). His eyes are sunken, his mouth is coated with
an extra longitudinal furrow, and his lips are cracked. Hand vein
filling takes more than 5 seconds, and tenting of the skin appears
over the sternum. His vital signs are blood pressure of 128/60 mm

Hg, pulse of 78, and respiratory rate of 16 (previously 150/78, 76,
16, respectively). Your assessment would lead you to suspect:

a. Fluid volume deficit
b. Fluid volume excess
6. If the external temperature is 101°F, which of the following age
groups is at highest risk for fluid volume deficit?
a. Infants
b. School-age children
c. Adolescents
d. Middle-aged adults
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7.

10.

All of the following could be the etiology for a nursing diagnosis
of fluid volume excess EXCEPT:

a. Excessive infusion of 0.9 percent sodium chloride solution
b. Suppression of parathyroid function

c. SIADH

d. Congestive heart failure

. Which of the following lab values are consistent with fluid vol-

ume deficit?

a. Urine specific gravity 1.010

b. Blood urea nitrogen 6

¢. Hemoglobin 13

d. Serum osmolarity 305 mOsm/kg

. All of the following conditions produce excess antidiuretic hor-

mone EXCEPT:

a. Head trauma
b. Anesthesia

¢. Ovarian cancer

d. Brain tumor

All of the following should be part of a focused assessment if a
patient presents with peripheral edema EXCEPT:

a. Assessment of cardiovascular system

b. Laboratory assessment of specific gravity
c. Assessment of respiratory system

d. Laboratory assessment of blood sugar

Media Link:  Use the enclosed CD-ROM for more practice questions,
answers, and rationales.
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Chapter 4
Fundamentals of
Electrolyte Balance

When they went ashore the animals that took up a land life carried with them a
part of the sea in their bodies, a heritage which they passed on to their children
and which even today links each land animal with its origin in the ancient sea.
—Rachel Carson, 1961
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W | EARNING Upon completion of this chapter, the reader will be able to:
OBJECTIVES 1. Define terminology related to electrolytes.

2. State the seven major electrolytes within the body
fluids.

3. Differentiate between cations and anions.

4. Contrast each of the seven electrolytes and their
major roles in body fluids.

5. Identify signs and symptoms of deficits of
sodium, potassium, calcium, magnesium,
chloride, and phosphate.

6. Identify signs and symptoms of excesses of
sodium, potassium, calcium, magnesium,
chloride, and phosphate.

7. Recognize patients at risk for electrolyte
imbalances.

8. State the normal pH range of body fluids.

9. Compare clinical manifestations of metabolic
acidosis and alkalosis.

10. Identify regulatory organs of acid—base balance.
11. Identify nursing diagnoses and interventions
related to electrolyte balance.

4 GLOSSARY

Acidosis Blood pH below normal (less than 7.35)

Alkalosis Blood pH above normal (greater than 7.45)

Anion Negatively charged electrolyte

Antidiuretic hormone (ADH) A hormone secreted from the pituitary
mechanism that causes the kidney to conserve water; sometimes
referred to as the “water-conserving hormone”
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Cation Positively charged electrolyte

Chvostek’s sign A sign elicited by tapping the facial nerve about 2 cm
anterior to the earlobe, just below the zygomatic process; the response
is a spasm of the muscles supplied by the facial nerve

pH Hydrogen ion (H") concentration

Syndrome of inappropriate antidiuretic hormone (SIADH) secretion
A condition in which excessive ADH is secreted, resulting in hypona-
tremia

Tetany Continuous tonic spasm of a muscle

Trousseau’s sign A spasm of the hand elicited when the blood supply to
the hand is decreased or the nerves of the hand are stimulated by
pressure; elicited within several minutes by applying a blood pres-
sure cuff inflated above systolic pressure

® Basic Principles of Electrolyte Balance

Chemical compounds in solution behave in one of two ways: they sepa-
rate and combine with other compounds, or they remain intact. One
group of compounds remains intact; these are called nonelectrolytes (e.g.,
urea, dextrose, and creatinine). These compounds do not separate from
their complex form when added to a solution. The second group of com-
pounds, electrolytes, dissociates or separates in solution. These com-
pounds break up into separate particles known as ions in a process called
ionization. The major electrolytes in body fluid include sodium, potas-
sium, calcium, magnesium, chloride, phosphorus, and bicarbonate.

Ions, which are the dissociated particles of an electrolyte, each carry
an electrical charge, either positive or negative. Negative ions are called
anions and positive ions are called cations.

Electrolytes are active chemicals that unite. The ions are expressed in
terms of milliequivalents (mEq) per liter rather than milligrams. A mil-
liequivalent measures chemical activity or combining power rather than
weight. For example, when a hostess creates a guest list for a party, she
does not invite 1000 pounds of boys per 1000 pounds of girls; rather, she
invites the same number of boys and girls. In total, the milliequivalents of
cations in a given compartment is equal to the milliequivalents of anions.
There are 154 mEq of anions and 154 mEq of cations in the plasma. Each
water compartment of the body contains electrolytes. The concentration
and composition of electrolytes vary from compartment to compartment.
See Table 4-1 for a diagrammatic comparison of electrolyte composition
in the fluid compartments.

Most of the electrolytes have more than one physiologic role; often
several electrolytes work together to mediate chemical events. The phys-
iologic roles of electrolytes include:
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> Table 4-1 COMPARISON OF ELECTROLYTE COMPOSITION IN FLUID

COMPARTMENTS
Intracellular Water Extracellular Water
(approx. mEq/liter) (approx. mEq/liter)
PLASMA m INTERSTITIAL FLUID
Cations Anions Cations Anions Cations Anions
205mEq 205 mEq 154 mEq 154 mEq 154 mEq 154 mEq

Na 10- B HCO; 8

Cl 103
Na™ 142
HPO, 140 NEWAS
60
HCO, 27
HCO, 2
—SO‘;
)( B () ganic acids 5
& ) K'4 — S0 1
‘3 Protein 16 pyq¢ 5 Organic acids 5
'8 Ca’"3 Protein 1
Protein 55
35

B Maintaining electroneutrality in fluid compartments
B Mediating enzyme reactions

B Altering cell membrane permeability

B Regulating muscle contraction and relaxation

B Regulating nerve impulse transmission

B Influencing blood clotting time

=
o
0
]

The electrolyte content of intracellular fluid (ICF) differs from that of
extracellular fluid (ECF). Usually only ECF plasma electrolytes are meas-
ured because of the special techniques required to measure the concen-
tration of electrolytes in ICF. The serum plasma levels of electrolytes are
important in the assessment and management of patients with electrolyte
imbalances.
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% Sodium (Na®)
Normal Reference Value: 135 to 145 mEq/L

Physiologic Role

The physiologic role of sodium includes:

B Regulation of fluid distribution in the body: Water follows sodium.

B Maintenance of body fluid osmolarity

B Promotion of neuromuscular response: Transmission of nerve and
muscle impulses depends on sodium, gradient between ECF and
ICE.

B Regulation of acid-base balance: Sodium combines with chloride
and bicarbonate to alter pH (NSNA, 1997).

The major function of sodium is to maintain ECF volume.
Extracellular sodium level has an effect on the cellular fluid volume based
on the principle of osmosis. Sodium represents about 90 percent of all the
extracellular cations. Sodium does not easily cross the cell wall membrane
and is therefore the most abundant cation of ECE.

A low serum sodium level results in dilute ECFE, therefore allowing
water to be drawn into the cells (lower to higher concentration).
Conversely if the serum sodium is high, water is drawn out of the cells,
leading to cellular dehydration. Figure 4-1 shows the relationship
between sodium and cellular fluid. The normal daily requirement for
sodium in adults is approximately 100 mEq.

The kidneys are extremely important in the regulation of sodium.
This regulation is primarily accomplished through the action of the hor-
mone aldosterone. Hyponatremia is a common complication of adrenal
insufficiency because of aldosterone and cortisol deficiencies. Elderly per-
sons have a slower rate of aldosterone secretion, which places them at risk
for sodium imbalances.

@=> NURSING FAST FACT!

The cerebral cells are very sensitive to changes in serum sodium levels
and exhibit adaptive changes to sodium imbalances (Hogan & Wane, 2003).

Three factors can create a sodium imbalance:

1. Change in the sodium content of the ECF such as a deficit caused
by excessive vomiting

2. Change in the chloride content, which can affect both the sodium
concentration and the amount of water in the ECF; when the ratio



Copyright © 2005 F.A. Davis Company

CHAPTER 4 > Fundamentals of Electrolyte Balance ® 115

H>0
°
H.O
°
Hgo [ Y
d Cell swells as Cell shrinks as
water is pulled water is pulled
A H,0 in from ECF B out into ECF

Figure 4-1 m Sodium and cellular fluid relationship. (A) Hyponatremia. The
cell swells as water is pulled in from the extracellular fluid. (B) Hypernatremia.
The cell shrinks as water is pulled out into the extracellular fluid.

of chloride to sodium deviates from normal, it is reflected as an
acid-base imbalance (Lee, Barrett, & Ignatavicius, 1996)
3. Change in the quantity of water in the ECF

Serum Sodium Deficit: Hyponatremia

Hyponatremia is a condition in which the sodium level is below normal
(less than 135 mEq/L). A low sodium level can be the result of an exces-
sive loss of sodium or an excessive gain of water; in either event, hypona-
tremia is caused by a relatively greater concentration of water than of
sodium. Sodium deficit is usually associated with hypervolemia states.

Pathophysiology and Etiology

The pathophysiology that contributes to sodium deficit (hyponatremia) is
often a sign of a serious underlying disease; there are also many causes of
hyponatremia.

All gastrointestinal (GI) secretions contain sodium; therefore, any
abnormal loss of GI secretions can cause a sodium deficit. GI disorders
such as vomiting, diarrhea, drainage from suction or fistulas, and exces-
sive tap water enemas may also cause hyponatremia.

Other causes of hyponatremia are losses from skin in excessive sweat-
ing, combined with excessive water consumption and the use of thiazide
diuretics (especially dangerous with low-salt diets).

Hormonal factors such as labor induction with oxytocin and the syn-
drome of inappropriate antidiuretic syndrome (SIADH) cause the amount
of sodium per volume to be reduced, in turn causing a dilutional hypona-
tremia. Oxytocin has been shown to have an intrinsic antidiuretic hor-
mone effect, acting to increase water reabsorption from the glomerular
filtrate. Adrenal insufficiency (aldosterone deficiency) also can cause
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sodium loss (Metheny, 2000). Other factors include excessive parenteral
hypo-osmolar fluids such as dextrose in water solutions.

@=> NURSING FAST FACT!

SIADH has progressed from a rare occurrence to the most common cause
of hyponatremia seen in general hospitals. It occurs in patients with inflamma-
tory disorders such as pneumonia; tuberculosis; abscess; oat cell cancer of the
lung; and central nervous system (CNS) disorders such as meningitis, trauma,
stroke, and degenerative diseases (Metheny, 2000).

Chemical agents may also impair renal water excretion, leading to
sodium deficit. Pharmacologic agents that contribute to sodium deficit
include nicotine, chlorpropamide (Diabinese), cyclophosphamide
(Cytoxan), morphine, barbiturates, and acetaminophen.

Signs and Symptoms

Hyponatremia affects cells of the CNS. Patients with chronic hypona-
tremia may experience impaired sensation of taste, anorexia, muscle
cramps, feeling of exhaustion, apprehension, feeling of impending doom
(Na* less than 115), and focal weaknesses (e.g., hemiparesis, ataxia).
Patients with acute hyponatremia caused by water overload experience
the same symptoms as well as fingerprint edema (sign of intracellular
water excess). Patients undergoing operative procedures involving irriga-
tions may develop hyponatremia (such as transurethral resection of
prostate [TURP] and endometrial ablation).

r l AGE-RELATED CONSIDERATIONS 4-1

Dehydration and chronic hyponatremia can lead to confusional states
that interfere with fluid intake in elderly people, who are very susceptible to
dehydration.

Because of the differences in cerebral metabolism, women (especially
premenopausal women) seem to be at substantially greater risk than men
for developing severe neurologic symptoms and irreversible brain damage
related to hyponatremia. Young women account for most of the reported
cases of fatalities secondary to hyponatremia.

Diagnostic Tests

B Serum sodium: Less than 135 mEq/L

B Serum osmolarity: Less than 280 mOsm/L

® Urine specific gravity: Less than 1.010 (except in SIADH)

B Urine sodium: Decreased (usually less than 20 mEq/L)

B Hematocrit: Above normal when fluid volume deficit (FVD) exists
B Decreased blood urea nitrogen (BUN)
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Treatment and Management

Treatment of patients with hyponatremia aims to provide sodium by the
dietary, enteral, or parenteral route. Patients able to eat and drink can eas-
ily replace sodium by ingesting a normal diet. Those unable to take
sodium orally must take the electrolyte by the parenteral route. An iso-
tonic saline or Ringer’s solution may be ordered, such as 0.9 percent
sodium chloride (NaCl), or lactated Ringer’s solution.

@=> NURSING FAST FACT!

When the primary problem is water retention, it is safer to restrict water

than to administer sodium. An I.V. solution that can contribute to hyponatremia
is excessive administration of 5 percent dextrose in water.

General treatment guidelines for patients with hyponatremia are:

1.

WN

Replace sodium and fluid losses through diet or parenteral fluids.
(If serum sodium level is lower than 125 mEq/L, it is important to
quickly bring the level up to more than 125 mEq/L, then to grad-
ually continue to return the sodium to a normal level.)

. Restore normal ECF volume.

. Correct any other electrolyte losses such as potassium or bicar-
bonate.

Nursing assessments include:

1.

Obtain a patient history of high-risk factors for hyponatremia
(vomiting, diarrhea, eating disorders, low-sodium diet).

. Obtain a history of medications with emphasis on those predis-

posing patients to hyponatremia (i.e., diuretics).

. Assess for signs of hyponatremia.

. Obtain baseline laboratory tests (e.g., serum sodium, serum

osmolarity, serum potassium, serum chloride, and urinary spe-
cific gravity).

Key nursing interventions include:

S I R SR

. Monitoring laboratory tests with emphasis on serum sodium

. Monitoring GI losses

Keeping accurate records of fluid intake and output

. Monitoring for changes in central venous system symptoms

. Weighing the patient daily



Copyright © 2005 F.A. Davis Company

118 ™  ynr 1 > Fundamental Foundations of Practice

Serum Sodium Excess: Hypernatremia

The serum level of sodium is elevated to above 145 mEq/L in patients
with hypernatremia. This elevation can be caused by a gain of sodium
without water or a loss of water without loss of sodium.

Pathophysiology and Etiology

Increased levels of serum sodium can occur with deprivation of water,
occurring when a person cannot respond to thirst; during hypertonic tube
feeding with inadequate water supplements; with excessive parenteral
administration of sodium-containing solutions; and when a person is
drowning in seawater. Sodium is lost with watery diarrhea (a particular
problem in infants), increased insensible loss, ingestion of sodium in
unusual amounts, profuse sweating, heat stroke, and diabetes insipidus
when water intake is inadequate. Cerebral cells adapt to high sodium lev-
els by shrinking as the osmotic pressure drives fluid out of the cells, lead-
ing to decreased brain volume (Hogan & Wane, 2003).

r l AGE-RELATED CONSIDERATIONS 4-2

In aging adults, there is a diminished thirst response that may lead
to inadequate fluid intake. Infants are unable to obtain fluid independ-
ently and may be at risk of inadequate fluid intake, especially in warmer
weather.

Signs and Symptoms

Patients with hypernatremia may experience marked thirst; elevated
body temperature; swollen tongue; red, dry, sticky mucous membranes;
severe hypernatremia; disorientation; and irritability or hyperactivity
when stimulated.

Diagnostic Tests

B Serum sodium: Greater than 145 mEq/L

B Chloride may be elevated.

B Serum osmolarity: Greater than 295 mOsm/kg

B Urine specific gravity: Greater than 1.015 (except for those with dia-
betes insipidus)

B Dehydration test: Water is withheld for 16 to 18 hours; serum and
urine osmolarity are checked 1 hour after administration of antidi-
uretic hormone (ADH); this test is used to identify the cause of
polyuric syndromes (central versus nephrogenic diabetes
insipidus).
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Treatment and Management

The goal of treatment of patients with hypernatremia is to gradually
lower the serum sodium level, infusing a hypotonic electrolyte solution
such as 0.45 percent normal saline or 5 percent dextrose in water. Gradual
reduction is necessary to decrease the risk of cerebral edema. The sodium
level should not be lowered more than 15 mEq/L in an 8-hour period of
time for adults (Weldy, 1996).

Generally, treatment guidelines for hypernatremia are:

1. Infusion of an isotonic solution (0.9 percent NaCl) or hypotonic
electrolyte solution (0.45 percent NaCl or 5 percent dextrose in
water)

2. Sodium levels can also be decreased by use of diuretics, which
induce excretion of water and sodium.

Nursing assessment includes:

1. Obtain a patient history of high-risk factors for hypernatremia
(e.g., increased sodium intake, water deprivation, increased
adrenocortical hormone production, use of sodium-retaining
drugs).

2. Assess for signs of hypernatremia.

3. Obtain baseline values of laboratory tests, especially serum
sodium.

Key nursing interventions include:

1. Monitoring laboratory test results with emphasis on serum
sodium and serum osmolarity

2. Keeping accurate fluid intake and output records

3. Monitoring for signs of pulmonary edema when the patient is
receiving large amounts of parenteral sodium chloride

% Potassium (K")

Normal Reference Value: 3.5 to 5.5 mEq/L

Physiologic Role

The physiologic role of potassium includes:
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B Regulation of fluid volume within the cell

B Promotion of nerve impulse transmission

®m Contraction of skeletal, smooth, and cardiac muscle

B Control of hydrogen ion (H*) concentration, acid-base balance;
when potassium moves out of the cell, hydrogen ions move in, and
vice versa

B Role of enzyme action for cellular energy production.

Potassium is an intracellular electrolyte with 98 percent in the ICF and
2 percent in the ECFE. Potassium is a dynamic electrolyte. Cellular potas-
sium replaces ECF potassium if it becomes depleted. Potassium is
acquired through diet and must be ingested daily because the body has
no effective method of storage. The daily requirement is 40 mEq.
Potassium influences both skeletal and cardiac muscle activity.
Alterations in the concentration of plasma potassium change myocardial
irritability and rhythm. Potassium moves easily into the intracellular
space when the body is metabolizing glucose. It moves out of the cells
during strenuous exercise, when cellular metabolism is impaired, or
when the cell dies. Potassium, along with sodium, is responsible for trans-
mission of nerve impulses. During nerve cell innervation, these ions
exchange places, creating an electrical current (Metheny, 2000).

There is a relationship between acid-base imbalances and potassium
balance. Hypokalemia can cause alkalosis, which in turn can further
decrease serum potassium. Hyperkalemia can cause acidosis, which in
turn can further increase serum potassium.

The regulation of potassium is related to several other processes,
including:

B Sodium level: Enough sodium must be available for exchange with
potassium.

B Hydrogen ion excretion: When there is an increase in hydrogen ion
excretion, there is a decrease in potassium excretion.

B Aldosterone level: An increased level of aldosterone stimulates and
increases excretion of potassium.

B Potassium imbalances are common in clinical practice because of
their association with underlying disease, injury, or ingestion of
certain medications.

Serum Potassium Deficit: Hypokalemia

Hypokalemia is a serum potassium level below 3.5 mEq/L. It usually
reflects a real deficit in total potassium stores; however, it may occur in
patients with normal potassium stores when alkalosis is present.
Hypokalemia is a common disturbance; many factors are associated with
this deficit, and many clinical conditions contribute to it.
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Pathophysiology and Etiology

Many conditions can lead to potassium deficit, including GI and renal
loss, increased use of increased perspiration, shifting of extracellular
potassium into the cells, and poor dietary intake.

Gastrointestinal loss includes diarrhea or laxative overuse, prolonged
gastric suction, and protracted vomiting.

Renal loss includes potassium-wasting diuretic therapy; excessive use
of glucocorticoids; ingestion of drugs such as sodium penicillin, carbeni-
cillin, or amphotericin B; excessive ingestion of European licorice (which
mimics the action of aldosterone); and excessive steroid administration.

Sweat loss includes heavy perspiration in persons acclimated to the
heat.

Shifting into the cells can occur with total parenteral nutrition therapy
without adequate potassium supplementation, alkalosis, and excessive
administration of insulin.

Poor dietary intake can occur with anorexia nervosa, bulimia, and
alcoholism.

Signs and Symptoms

Patients with hypokalemia may experience neuromuscular changes such
as fatigue, muscle weakness, diminished deep tendon reflexes, and flac-
cid paralysis (late). Other symptoms include anorexia, nausea, vomiting,
irritability (early), increased sensitivity to digitalis, electrocardiographic
(ECG) changes, and death (in those with severe hypokalemia) caused by
cardiac arrest.

Diagnostic Tests

B Serum potassium: Less than 3.5 mEq/L

B Arterial blood gas (ABG): May show metabolic alkalosis (increased
pH and bicarbonate ion).

B Elevated serum glucose levels (increased insulin secretion and
increased osmotic pressure)

B ECG: ST-segment depression, flattened T wave, presence of U
wave, and ventricular dysrhythmias (Fig. 4-2)

B Potential for decreased serum chloride levels

B Potential for decreased magnesium levels (because hypomagne-
semia can potentiate hypokalemia)

@=> NURSING FAST FACT!

Clinical signs and symptoms rarely occur before the serum potassium level
has fallen below 3 mEq/L.
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Figure 4-2 m Sample ECG tracing: Hypokalemia. The ECG tracing for

hypokalemia has ST-segment depression, flattened T wave, and the presence
of a U wave.

Potassium replacement must take place slowly to prevent hyper-
kalemia. Extreme caution should be used when potassium chloride

replacement exceeds 120 mEq in 24 hours. The patient must be monitored
for dysrhythmias.

Treatment and Management

Replacement of potassium is the key concept in treating patients with
potassium deficit. General treatment guidelines include:

1. Mild hypokalemia is usually treated with dietary increases of
potassium or oral supplements.

2. Salt substitutes (e.g., Morton Salt Substitute, Co-Salt, Adolph’s Salt
Substitute) contain potassium and can be used to supplement
potassium intake.

3. If the serum potassium is below 2 mEq/L, monitor the patient’s
ECG and administer potassium by means of a secondary piggy-
back set in a volume of 100 mL (Metheny, 2000).

Table 4-2 gives critical guidelines for nursing in I.V. administration of
potassium.
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> Table 4-2 CRITICAL GUIDELINES FOR ADMINISTRATION
OF POTASSIUM

Never give a potassium L.V. push.

Potassium chloride (KCI) should be added to a nondextrose solution such as isotonic
saline to treat severe hypokalemia because administration of KCl in a dextrose solution
may cause a small reduction in the serum potassium level.

Never administer concentrated potassium solutions without first diluting them as directed.

KCl preparations greater than 60 mEq/L should not be given in a peripheral vein.
Concentrations greater than 8 mEq/100 mL can cause pain and irritation of peripheral
veins and lead to postinfusion phlebitis.

When adding KCI to infusion solutions, especially plastic systems, make sure the KCl
mixes with the solution thoroughly. Invert and agitate the container to ensure mixing.
Do not add KClI to a hanging container!

For patients with any degree of renal insufficiency or heart block, Zull (1989) recommends
reducing the infusion by 50 percent. For example, 5 to 10 mEq/h rather than 10 to 20
mEq/h.

Administer potassium at a rate not to exceed 10 mEq/h through peripheral veins.

For patients with extreme hypokalemia, rates should be no more than 40 mEq/h while
ECG is constantly monitored.

If KCl is administered into the subcutaneous tissue (infiltration), it is extremely irritating
and can cause serious tissue loss. Use extravasation protocol in this situation.

Nursing assessment includes:

1. Obtain history of high-risk factors for hypokalemia such as
vomiting, renal disease, and diuretic use.

2. Assess for signs of hypokalemia.
3. Obtain baseline laboratory test values such as ECG reading,
serum potassium, and serum osmolarity.
Key nursing interventions include:

1. Monitoring the laboratory test results, especially serum
potassium

2. Keeping accurate intake and output records
3. Monitoring for changes in cardiac response
4. Monitoring for signs of phlebitis (potassium irritates veins)

when given by LV. route
Serum Potassium Excess: Hyperkalemia

Hyperkalemia occurs less frequently than hypokalemia, but it can be
more dangerous. It seldom occurs in patients who have normal renal
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function. Hyperkalemia is defined as a serum plasma level of potassium
above 5.5 mEq/L. The main causes of hyperkalemia are (1) increased
intake of potassium (oral or parenteral), (2) decreased urinary excretion of
potassium, and (3) movement of potassium out of the cells and into the
extracellular space.

Pathophysiology and Etiology

High levels of serum potassium can be caused by either a gain of potas-
sium body or shift of potassium from the ICF to the ECF (NSNA, 1997).
Hyperkalemia can be caused by excessive administration of potassium
parentally or orally; severe renal failure resulting in reduced potassium
excretion; release of potassium from altered cellular function, such as with
burns or crush injuries; and acidosis.

Drugs that can cause a predisposition to hyperkalemias include
potassium penicillin, indomethacin, amphetamines, nonsteroidal anti-
inflammatory drugs, alpha agonists, beta blockers, succinylcholine,
cyclophosphamide, and potassium-sparing diuretics. Pseudohyper-
kalemia can occur with prolonged tourniquet application during blood
withdrawal.

Signs and Symptoms

Patients with hyperkalemia may experience changes shown on ECGs,
vague muscle weakness, flaccid paralysis, anxiety, nausea, cramping, and
diarrhea.

Diagnostic Tests

B Serum potassium: Greater than 5.5 mEq/L

B ABG values: Metabolic acidosis (decreased pH and bicarbonate
ion)

® ECG: Widened QRS, prolonged PR, and ventricular dysrhythmias
(Fig. 4-3)

B If dehydration is causing hyperkalemia, then hematocrit, hemoglo-
bin, and sodium and chloride levels should be drawn.

B If associated with renal failure, creatinine and BUN levels should
be drawn.

Treatment and Management

The following are guidelines for the treatment of patients with hyper-
kalemia:

1. Restrict dietary potassium in mild cases.

2. Discontinue supplements of potassium.

3. Administer L.V. calcium gluconate if necessary for cardiac
symptoms.

4. Administer I.V. sodium bicarbonate, which alkalinizes the plasma
and causes a temporary shift of potassium into the cells.
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Figure 4-3 m Sample ECG tracing: Hyperkalemia. The ECG tracing for
hyperkalemia shows progressive changes; tall, thin T waves; prolonged PR
intervals; ST-segment depression; widened QRS; and loss of P wave.

5. Administer regular insulin (10 to 25 U) and hypertonic dextrose
(10%), which causes a shift of potassium into the cells.
6. Peritoneal dialysis or hemodialysis may be ordered.

Nursing assessment includes:

1. Obtain client history relative to high-risk factors for hyper-
kalemia (renal disease, potassium-sparing diuretics, excessive
salt substitute use).

2. Assess for signs of hyperkalemia.
3. Obtain baseline ECG; assess for altered T waves.
4. Obtain baseline serum potassium.

Key nursing interventions include:

1. Monitoring the laboratory test results, especially serum
potassium

2. Keeping accurate intake and output records
3. Monitoring for changes in cardiac response

4. Monitoring vital signs, with special attention to tachycardia and
bradycardia
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> Table 4-3 CRITICAL GUIDELINES FOR REMOVAL OF POTASSIUM

Treatment Guidelines

= Sodium polystyrene sulfonate is a cation exchange resin that removes potassium from
the body by exchanging sodium for potassium in the intestinal tract. This method
should not be the sole treatment for severe hyperkalemia because of its slow onset.

Oral sodium polystyrene sulfonate (15 to 30 g); may repeat every 4 to 6 hours as needed; it
removes potassium 1 to 2 hours.

Rectal sodium polystyrene sulfonate (50 g) as retention enema; when administered, use an

inflated rectal catheter to ensure retention of the dissolved resin for 30 to 60 minutes; it

removes potassium in 30 to 60 minutes; each enema can lower the plasma potassium
concentration by 0.5 to 1.0 mEq/L

Dialysis is used when more aggressive methods are needed. Peritoneal dialysis is not as

effective as hemodialysis. Whereas peritoneal dialysis can remove approximately 10 to

15 mEq/h, hemodialysis can remove 25 to 35 mEq/h.

= Glucose and insulin

Insulin facilitates potassium movement into the cells, reducing the plasma potassium level.
Glucose administration in nondiabetic patients may cause a marked increase in insulin
release from the pancreas, producing desired plasma potassium-lowering effects.

500 mL of 10 percent dextrose with 10 to 15 U of regular insulin over 1 hour: The
potassium-lowering effects are delayed about 30 minutes but are effective for 4 to 6
hours (Zull, 1989).

= Emergency measures

Calcium gluconate: 10 mL of 10 percent calcium gluconate administered slowly over 2 to 3
minutes. Administer only to patients who need immediate myocardial protection
against toxic effects of severe hyperkalemia. Protective effect begins within 1 to 2
minutes and lasts only 30 to 60 minutes.

Sodium bicarbonate: 45 mEq (1 ampule of 7.5% sodium bicarbonate) infused slowly over 5
minutes. This temporarily shifts potassium into the cells and is helpful in patients with
metabolic acidosis.

Table 4-3 provides critical guidelines for nursing in treatment of
patients with potassium excess.

® Calcium (Ca?")
Normal Reference Value: 8.5 to 10.5 mg/dL

Physiologic Role

The physiologic role of calcium includes:

B Maintaining skeletal elements; calcium is needed for strong,
durable bones and teeth

B Regulating neuromuscular activity

B Influencing enzyme activity

B Converting prothrombin to thrombin, a necessary part of the mate-
rial that holds cells together
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The calcium ion is most abundant in the skeletal system, with 99 per-
cent residing in the bones and teeth. Only 1 percent is available for rapid
exchange in the circulating blood bound to protein. The parathyroid hor-
mone (PTH) is responsible for transfer of calcium from the bone to
plasma. PTH also augments the intestinal absorption of calcium and
enhances net renal calcium reabsorption. Calcium is acquired through
dietary intake. Adults require approximately 1 g of calcium daily, along
with vitamin D and protein, which are required for absorption and uti-
lization of this electrolyte.

Calcium is instrumental in activating enzymes and stimulating essen-
tial chemical reactions. It plays an important role in maintaining the nor-
mal transmission of nerve impulses and has a sedative effect on nerve
cells. Calcium plays its most important role in the conversion of pro-
thrombin to thrombin, a necessary sequence in the formation of a clot.

Calcium and phosphate have a reciprocal relationship; that is, an
increase in calcium level causes a drop in the serum phosphorus concen-
tration, and a drop in calcium causes an increase in phosphorus level.

Calcium is present in three different forms in the plasma: (1) ionized
(50 percent of total calcium); (2) bound (less than 50 percent of total cal-
cium); and (3) complexed (small percentage that combines with phos-
phate). Only ionized calcium (i.e., calcium affected by plasma pH,
phosphorus, and albumin levels) is physiologically important. A relation-
ship between ionized calcium and plasma pH is reciprocal; an increase in
pH decreases the percentage of calcium that is ionized. The relationship
between plasma phosphorus and ionized calcium is also reciprocal.
Albumin does not affect ionized calcium, but it does affect the amount of
calcium bound to proteins.

Serum Calcium Deficit: Hypocalcemia

A reduction of total body calcium levels or a reduction of the percentage
of ionized calcium causes hypocalcemia.

Pathophysiology and Etiology

Total calcium levels may be decreased because of increased calcium loss,
reduced intake secondary to altered intestinal absorption, and altered reg-
ulation, as in those with hypoparathyroidism.

The most common cause of hypocalcemia is inadequate secretion of
PTH caused by primary hypoparathyroidism or surgically induced
hypoparathyroidism. It can also result from calcium loss through diarrhea
and wound exudate, acute pancreatitis, hyperphosphatemia usually asso-
ciated with renal failure, inadequate intake of vitamin D or minimal sun
exposure, prolonged nasogastric tube suctioning resulting in metabolic
alkalosis, and infusion of citrated blood (citrate—-phosphate—-dextrose).
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Many drugs can lead to the development of hypocalcemia, including
potent loop diuretics dioxin, dilantin, and phenobarbital, antineoplastic
drugs, some radiographic contrast media, large doses of corticosteroids,
heparin, and antacids (Hogan & Wane, 2003).

Signs and Symptoms

Patients with hypocalcemia may experience neuromuscular symptoms
such as numbness of the fingers, cramps in the muscles (especially the
extremities), hyperactive deep tendon reflexes, and a positive Trousseau'’s
sign (Fig. 4-4) and Chvostek’s sign (Fig. 4-5).

Other symptoms include irritability, memory impairment, delusions,
seizures (late), prolonged QT interval, and altered cardiovascular hemo-
dynamics that may precipitate congestive heart failure. In patients with
hypocalcemia caused by citrated blood transfusion, the cardiac index,
stroke volume, and left ventricular stroke work values have been found
to be lower.

The most dangerous symptom associated with hypocalcemia is the
development of laryngospasm and tetany-like contractions. A low mag-
nesium level and a high potassium level potentiate the cardiac and neu-
romuscular irritability produced by a low calcium level. However, a low
potassium level can protect patients from hypocalcemic tetany (Lee et al.,
1996).

Figure 4-4 m Positive Trousseau’s sign. Carpopedal atti-
tude of the hand when blood pressure cuff is placed on the
arm and inflated above systolic pressure for 3 minutes. A
positive reaction is the development of carpal spasm.
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Figure 4-5 m Positive Chvostek’s sign,
which occurs after tapping the facial nerve
approximately 2 cm anterior to the earlobe.
Unilateral twitching of the facial muscle
occurs in some patients with hypocalcemia
or hypomagnesemia.

Diagnostic Tests

® Total serum calcium less than 8.5 mg/dL

Ionized calcium level less than 4.0 mg/dL

X-ray films detect bone fractures and thinning

Bone mass density tests for signs of osteoporosis
Potential for hypomagnesemia (1 mg/dL)

Potential for hypokalemia (less than 3.5 mEq/mL)
Hyperphosphatemia (greater than 2.6 mEq/mL)
Potential for elevated creatinine from renal insufficiency

Treatment and Management

The goal of treatment is to alleviate the underlying cause.

Treatment of patients with hypocalcemia consists of administration of
calcium gluconate, either orally (preferred) with calcium supplements,
1000 mg/day, to raise the total serum calcium level by 1 mg/dL, or intra-
venously, 10 to 20 mL of a 10 percent solution in 5 percent dextrose in
water for 20 minutes.

r l AGE-RELATED CONSIDERATIONS 4-3

There are two types of hypocalcemia in newborn infants. The first
occurs early after birth during the first 3 days of life; this is attributed to
parathyroid immaturity or maternal hyperparathyroidism. This resolves
within the first week of life (Metheny, 2000). The second type of neonatal
hypocalcemia occurs about 1 week after birth and is associated with hyper-
phosphatemia and hypomagnesemia. Providing milk with a high phospho-
rus level can lead to hyperphosphatemia and then hypocalcemia (Narins,
1994).
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Nursing assessments include:

1. Obtain history relative to potential causes of hypocalcemia, such
as low-calcium diet, lack of vitamin D, low-protein diet, chronic
diarrhea, or hormonal disorders.

2. Obtain history of drugs that could predispose the patient to
hypocalcemia, such as furosemide (Lasix) or cortisone.

3. Assess for signs of hypocalcemia.

4. Obtain baseline values for serum calcium, ionized calcium
serum albumin, and acid-base status.

Key nursing interventions include:

1. Taking safety precautions and preparing to adopt seizure pre-
cautions if hypocalcemia is severe

2. Monitoring laboratory test results with emphasis on serum and
ionized calcium

3. Monitoring ECGs for changes in pattern

4. Monitoring for irritation of subcutaneous tissue and tissue
sloughing when calcium is given parenterally

5. Monitoring for signs of cardiac arrhythmias in patients receiv-
ing digitalis and calcium supplements

6. Monitoring for hypocalcemia in patients receiving massive
transfusion of citrated blood

Serum Calcium Excess: Hypercalcemia

Hypercalcemia is caused by excessive release of calcium from bone,
almost always from malignancy, hyperparathyroidism, thiazide-diuretic
use, or excessive calcium intake.

Pathophysiology and Etiology

Most symptoms of hypercalcemia are present only when the serum cal-
cium level is greater than 12 mg/dL and tend to be more severe if hyper-
calcemia develops quickly. Causes of hypercalcemia include
hyperparathyroidism, Paget’s disease, multiple fractures, and overuse of
calcium-containing antacids. Patients with solid tumors that have metas-
tasized, such as breast, prostate, and malignant melanomas, and hemato-
logic tumors, such as lymphomas, acute leukemia, and myelomas, are
also at risk for developing hypercalcemia.

Drugs that predispose an individual to hypercalcemia include cal-
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cium salts, megadoses of vitamin A or D, thiazide diuretics (potentiate the
action of PTH), androgens or estrogen for breast cancer therapy, LV.
lipids, lithium, and tamoxifen.

Signs and Symptoms

Patients with hypercalcemia may experience neuromuscular symptoms
such as muscle weakness, incoordination, lethargy, deep bone pain, flank
pain, and pathologic fractures (caused by bone weakening). Other symp-
toms include constipation, anorexia, nausea, vomiting, polyuria or poly-
dipsia leading to uremia if not treated, and renal colic caused by stone
formation. Patients taking digitalis must take calcium with extreme care
because it can precipitate severe dysrhythmias.

Diagnostic Tests

® Total serum calcium: May be more than 10.5 mg/dL.

B Serum ionized calcium: Greater than 5.5 mg/dL

B Serum parathyroid hormone: Increased levels in primary or sec-
ondary hyperparathyroidism

B Radiography: May reveal osteoporosis, bone cavitation, or urinary
calculi.

Treatment and Management
Hypercalcemia should be treated according to the following guidelines:

1. Treat the patient’s underlying disease.

2. Administer saline diuresis. Fluids should be forced to help elimi-
nate the source of the hypercalcemia. A solution of 0.45 percent
NaCl or 0.9 percent NaCl 1.V. dilutes the serum calcium level.
Rehydration is important to dilute the Ca®* ion and promote renal
excretion.

3. Give inorganic phosphate salts orally (Neutra-Phos) or rectally
(Fleet Enema).

4. Provide hemodialysis or peritoneal dialysis to reduce serum cal-
cium levels in life-threatening situations.

5. Use furosemide, 20 to 40 mg every 2 hours, to prevent volume
overloading during saline administration.

6. Administer calcitonin, 4 to 8 U/kg intramuscularly or subcuta-
neously every 6 to 12 hours. This will temporarily lower the serum
calcium level by 1 to 3 mg/100 mL.

7. Give bisphosphonates to inhibit bone reabsorption. Pamidronate is
effective, 60 to 90 mg in 1 L of 0.9 percent NaCl or 5 percent dex-
trose in water is infused over 24 hours.

8. Administer plicamycin (mithramycin), which inhibits bone reab-
sorption and reliably lowers serum calcium. It is used only in those
with malignant hypercalcemia because of its toxicity. A single dose
of 25 g/kg in 500 mL of 5 percent dextrose in water is infused
intravenously over 4 to 6 hours (Phillips & Kuhn, 1999).
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Nursing assessment includes:

1. Obtain a patient history of probable cause of hypercalcemia,
such as cancer; excessive use of calcium supplements, antacids,
or thiazide diuretics; or steroid therapy.

2. Assess for signs of hypercalcemia.
3. Obtain baseline values for serum calcium and serum phosphate.
4. Obtain baseline ECG.
5. Assess client’s fluid volume status and mental alertness.
Key nursing interventions include:
1. Monitoring changes in vital signs and laboratory tests
2. Encouraging the patient to drink 3 to 4 L of fluid per day

3. Encouraging the patient to consume fluids (e.g., cranberry or
prune juice) that promote urine acidity to help prevent forma-
tion of renal calculi

Keeping accurate fluid intake and output records
Monitoring for digitalis toxicity

Handling the patient gently to prevent fractures

xS 9 B

Encouraging the patient to avoid high-calcium foods

% Magnesium (Mg?+)
Normal Reference Value: 1.5 to 2.5 mEq/L

Physiologic Role

The physiologic role of magnesium includes:

B Enzyme action

B Regulation of neuromuscular activity (similar to calcium)

B Regulation of electrolyte balance, including facilitating transport of
sodium and potassium across cell membranes, influencing the uti-
lization of calcium, potassium, and protein

Magnesium is a major intracellular electrolyte. The normal diet sup-
plies approximately 25 mEq of magnesium. Approximately one third of



Copyright © 2005 F.A. Davis Company

CHAPTER 4 > Fundamentals of Electrolyte Balance " 133

serum magnesium is bound to protein; the remaining two thirds exists as
free cations. The same factors that regulate calcium balance have an influ-
ence on magnesium balance. Magnesium balance is also affected by many
of the same agents that decrease or influence potassium balance.

Magnesium acts directly on the myoneural junction and affects neu-
romuscular irritability and contractility, possibly exerting a sedative
effect. Magnesium acts as an activator for many enzymes and plays a role
in both carbohydrate and protein metabolism. Magnesium affects the car-
diovascular system, acting peripherally to produce vasodilation.
Imbalances in magnesium predispose the heart to ventricular dysrhyth-
mias (Metheny, 2000).

Serum Magnesium Deficit: Hypomagnesemia

Hypomagnesemia is often overlooked in critically ill patients. This imbal-
ance is considered to be one of the most underdiagnosed electrolyte defi-
ciencies (Metheny, 2000). Symptoms of hypomagnesemia tend to occur
when the serum level drops below 1.0 mEq/L.

Pathophysiology and Etiology

Hypomagnesemia can result from chronic alcoholism; malabsorption
syndrome, especially if the small bowel is affected; prolonged malnutri-
tion or starvation; prolonged diarrhea; acute pancreatitis; administration
of magnesium-free solutions for more than one week; and prolonged
nasogastric tube suctioning.

Drugs that predispose an individual to hypomagnesemia include
aminoglycosides, diuretics, cortisone, amphotericin, digitalis, cisplatin,
and cyclosporine. Infusion of collected blood preserved with citrate can
also cause hypomagnesemia (Lee et al., 1996).

Signs and Symptoms

Patients with hypomagnesemia often experience neuromuscular symp-
toms, such as hyperactive reflexes, coarse tremors, muscle cramps, posi-
tive Chvostek’s and Trousseau’s signs (see Figs. 4-4 and 4-5), seizures,
paresthesia of the feet and legs, and painfully cold hands and feet. Other
symptoms include disorientation, dysrhythmias, tachycardia, and
increased potential for digitalis toxicity.

Diagnostic Tests

B Serum magnesium: Less than 1.5 mEq/L

B Urine magnesium: Helps to identify renal causes of magnesium
depletion.

B Serum albumin: A decrease may cause a decreased magnesium
level resulting from the reduction in protein-bound magnesium.
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B Serum potassium: Decreased because of failure of the cellular
sodium—potassium pump to move potassium into the cell and
because of the accompanying loss of potassium in the urine

B Serum calcium: May be reduced because of a reduction in the
release and action of PTH.

B ECG: Findings of tachydysrhythmias, prolonged PR and QT inter-
vals, widening of the QRS, ST segment depression, and flattened T
waves. A form of ventricular tachycardia (i.e., torsades de pointes)
associated with all three electrolyte imbalances (i.e., magnesium,
calcium, and potassium) may develop.

Treatment and Management

Treatment of patients with hypomagnesemia includes:

1. Administering oral magnesium salts

2. Administering 40 mEq (5 g) of magnesium sulfate added intra-
venously to 1 L of 5 percent dextrose in water or 5 percent dex-
trose/NaCl

3. Administering 1 to 2 g of 10 percent solution of magnesium sulfate
by direct I.V. push at a rate of 1.5 mL/min (Phillips & Kuhn, 1999)

Table 4—4 provides critical guidelines for nurses who are administer-
ing magnesium.

@=> NURSING FAST FACT!

Be aware that other CNS depressants could cause further depressed sen-
sorium when magnesium sulfate is being administered. Therefore, be prepared to
deal with respiratory arrest if hypermagnesemia inadvertently occurs during
administration of magnesium sulfate.

> Table 4-4 CRITICAL GUIDELINES FOR ADMINISTRATION
OF MAGNESIUM

® Double check the order for magnesium administration to ensure that it stipulates the
concentration of the solution to be used. Do not accept orders for “amps” or “vials”
without further clarification.

m Use caution in patients with impaired renal function; watch urine output.

m Reduce other CNS depressants when given concurrently with magnesium
preparations.

= Therapeutic doses of magnesium can produce flushing and sweating, which
occur most often if the administration rate is too fast.

m Closely assess patients receiving magnesium.




Copyright © 2005 F.A. Davis Company

CHAPTER 4 > Fundamentals of Electrolyte Balance " 135

Nursing assessment includes:

1. Obtain a patient history, being alert to factors that predispose to
hypomagnesemia such as alcoholism, laxative abuse, total par-
enteral nutrition (TPN), and potassium-wasting diuretic use.

2. Assess for signs and symptoms of hypomagnesemia.

3. Obtain baseline values for laboratory tests, serum magnesium,
serum calcium, and serum potassium.

4. Obtain baseline ECG.
Key nursing interventions include:
1. Monitoring vital signs
2. Monitoring closely for digitalis toxicity
3. Keeping accurate intake and output records

4. Taking safety precautions if a patient is mentally confused

Serum Magnesium Excess: Hypermagnesemia

Hypermagnesemia occurs when a person’s serum level is greater than 2.5
mEq/L. The most common cause of hypermagnesemia is renal failure in
patients who have an increased intake of magnesium.

Pathophysiology and Etiology

Renal factors that lead to hypermagnesemia include renal failure,
Addison’s disease, and inadequate excretion of magnesium by kidneys.
Other causes include hyperparathyroidism; hyperthyroidism; and
iatrogenic causes such as excessive magnesium administration during
treatment of patients with eclampsia, hemodialysis with excessively hard
water with a dialysate inadvertently high in magnesium, or ingestion of
medications high in magnesium, such as antacids and laxatives.

Signs and Symptoms

Patients with hypermagnesemia may experience neuromuscular symp-
toms such as flushing and sense of skin warmth, lethargy, sedation,
hypoactive deep tendon reflexes, depressed respirations, and weak or
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absent
bradyc

cry in newborn. Other symptoms include hypotension, sinus
ardia, heart block, and cardiac arrest (serum level greater than 15

mEq/L) and increased susceptibility to digitalis toxicity, nausea, vomit-

ing, an

d seizures.

Diagnostic Tests

B Serum magnesium: Greater than 2.5 mEq/L
B ECG: Findings of QT interval and atrioventricular block may occur
(at levels greater than 2.5 mEq/L).

Treatment and Management

Guidelines for treatment of patients with hypermagnesemia are:

1.
2.

3.

Decrease oral magnesium intake.

Administer calcium gluconate to antagonize the action of mag-
nesium.

Support respiratory function.

. Order peritoneal or hemodialysis in severe cases of hypermag-

nesemia.

Nursing assessment includes:

1.

4.

Evaluate possible causes of hypermagnesemia, including renal
insufficiency and chronic laxative use.

Assess for signs of hypermagnesemia.

Obtain baseline values for serum magnesium and serum
calcium.

Obtain baseline ECG.

Key nursing interventions include:

1.

g B ® N

Monitoring vital signs

Monitoring laboratory test values

Monitoring for ECG changes

Encouraging fluid intake if not contraindicated

Being prepared to provide ventilatory assistance or resusci-
tation
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% Phosphorus (HPO,")

Normal Reference Value: 3.0 to 4.5 mg/dL

Physiologic Role

The physiologic role of phosphorus is:

B Phosphorus is essential to all cells.

B Role in metabolism of proteins, carbohydrates, and fats

B Essential to energy, necessary in the formation of high-energy com-
pounds adenosine triphosphate (ATP) and adenosine diphosphate
(ADP)

B As a cellular building block, it is the backbone of nucleic acids and
is essential to cell membrane formation.

B Delivery of oxygen; functions in formation of red blood cell
enzyme.

Approximately 80 percent of phosphorus in the body is contained in
the bones and teeth, and 20 percent is abundant in the ICF. PTH plays a
major role in homeostasis of phosphate because of its ability to vary phos-
phate reabsorption in the proximal tubule of the kidney. PTH also allows
for the shift of phosphate from bone to plasma.

Phosphorus plays an important role in delivery of oxygen to tissues
by regulating the level of 2,3-diphosphoglycerate (2,3-DPG), a substance
in red blood cells that decreases the affinity of hemoglobin for oxygen.

@=> NURSING FAST FACT!

Phosphorus and calcium have a reciprocal relationship: an increase in the
phosphorus level frequently causes hypocalcemia.

Serum Phosphate Deficit: Hypophosphatemia

Phosphorus is a critical constituent of all the body’s tissues.
Hypophosphatemia occurs when the serum level is below the lower limit
of normal (less than 2.5 mg/dL). This imbalance may occur in the pres-
ence of total body phosphate deficit or may merely reflect a temporary
shift of phosphorus into the cells.

Pathophysiology and Etiology

Hypophosphatemia can result from overzealous refeeding, total par-
enteral nutrition administered without adequate phosphorus, malabsorp-
tion syndromes, or alcohol withdrawal. GI losses include vomiting,
chronic diarrhea, and malabsorption syndromes.
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Hormonal influences such as hyperparathyroidism enhance renal
phosphate excretion. Drugs that predispose an individual to hypophos-
phatemia include aluminum-containing antacids (which bind phospho-
rus, thereby lowering serum levels), diuretics, androgens, corticosteroids,
glucagon, epinephrine, gastrin, and mannitol. Other causes include treat-
ment of patients with diabetic ketoacidosis (dextrose with insulin causes
a shift of phosphorus into cells).

Signs and Symptoms

Hypophosphatemia can affect the CNS, neuromuscular and cardiac sta-
tus, and the blood. An affected patient may experience disorientation,
confusion, seizures, paresthesia (early), profound muscle weakness,
tremor, ataxia, incoordination, dysarthria, dysphagia, and congestive car-
diomyopathy. Hypophosphatemia affects all blood cells, especially red
cells. It causes a decline in 2,3-DPG levels in erythrocytes. 2,3-DPG in red
cells normally interacts with hemoglobin to promote the release of oxy-
gen. With reduced 2,3-DPG, oxygen delivery to peripheral tissues is
impaired.

Diagnostic Tests

B Serum phosphorus: Less than 2.5 mg/dL (1.7 mEq/L)

® Serum PTH: Elevated

B Serum magnesium: Decreased because of increased urinary excre-
tion of magnesium

B Serum alkaline phosphate: Increased with increased osteoblastic
activity

® Radiography: Skeletal changes of osteomalacia or rickets

Treatment and Management

Treatment should include the following regimen:

1. For mild to moderate deficiency, oral phosphate supplements,
such as Neutra-Phos or Phospho-Soda, can be administered.

2. For severe hypophosphatemia, administer I.V. phosphorus
solutions.

@=> NURSING FAST FACT!

In treating patients, be aware that calcium levels should be monitored
closely.

Serum Phosphate Excess: Hyperphosphatemia

A variety of conditions can lead to hyperphosphatemia, but the major dis-
order is renal disease.
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Nursing assessment includes:

1. Obtain a patient history with focus on factors that put patients
at high risk for hypophosphatemia, such as alcoholism, use of
TPN, and diabetic ketoacidosis.

2. Assess for signs of hypophosphatemia.

3. Obtain baseline laboratory values of serum phosphate and
serum calcium.

Key nursing interventions include:

Monitoring for cardiac, GI, and neurologic abnormalities
Monitoring for changes in laboratory test values
Keeping accurate intake and output records

Taking safety precautions when a patient is confused

oo PP

Being alert to signs when feeding is restarted after prolonged
starvation (refeeding syndrome)

6. Being alert to complications of I.V. administration of phospho-
rus (hypocalcemia, hyperphosphatemia)

Pathophysiology and Etiology

Hyperphosphatemia can result from renal insufficiency, hypoparathy-
roidism, or increased catabolism. It is also seen in patients with cancer
states such as myelogenous leukemia and lymphoma.

Drugs that can predispose an individual to hyperphosphatemia
include oral phosphates, I.V. phosphates, phosphate laxatives, and exces-
sive vitamin D, tetracyclines, and methicillin. Other causes include mas-
sive blood transfusions caused by phosphate leaking from the blood cells.

Signs and Symptoms

Patients with hyperphosphatemia may experience many symptoms,
including hypocalcemia; tetany (short-term); soft tissue calcification
(long-term); mental changes, such as apprehension, confusion, and coma;
and increased 2,3-DPG levels in red blood cells.

Diagnostic Tests

B Serum phosphorus: Greater than 4.5 mg/dL (2.6 mEq/L)
B Serum calcium: Useful in assessing potential consequences of treat-
ment
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B Serum PTH: Decreased in those with hypoparathyroidism

® BUN: To assess renal function

® Radiography: Skeletal changes of osteodystrophy
Treatment and Management

Treatment should include the following regimen:

1. Identify the underlying cause of hyperphosphatemia.

2. Restrict dietary intake.

3. Administer the intake of phosphate-binding gels (e.g., Amphojel,
Basaljel, and Dialume).

Nursing assessment includes:

1. Obtain a patient history for factors that place patients at high
risk for hyperphosphatemia, including renal insufficiency and
laxative use.

2. Assess for signs and symptoms of hyperphosphatemia.
3. Obtain baseline laboratory values for serum phosphate.

4. Check urinary output; less than 600 mL/day increases serum
phosphate levels.

Key nursing interventions include:
1. Monitoring for cardiac, GI, and neuromuscular abnormalities
2. Monitoring changes in laboratory test values
3. Keeping accurate intake and output records
4

. Observing the patient for signs and symptoms of hypocalcemia;
when phosphate levels increase, calcium levels decrease.

% Chloride (CI")
Normal Reference Value: 95 to 108 mEq/L

Physiologic Role

The physiologic role of chloride is:

® Regulation of serum osmolarity

B Regulation of fluid balance; when sodium is retained chloride is
also retained, causing water retention and increased fluid volume.

® Control of acidity of gastric juice
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B Regulation of acid-base balance
B Role in oxygen—carbon dioxide exchange (chloride shift)

Chloride is the major anion in the ECE. Changes in serum chloride
concentration are usually secondary to changes in one or more of the
other electrolytes. Chloride has a reciprocal relationship with bicarbonate
(HCO,). For example, a decrease in HCO, concentrations results in a
reciprocal rise in chloride level; when chloride level decreases, HCO, level
increases in compensation. Chloride exists primarily combined as sodium
chloride or hydrochloric acid. Measurement of serum chloride is most fre-
quently done for its inferential value.

Reabsorption of chloride by the renal tubules is one of the major reg-
ulatory functions of the kidneys. As sodium chloride is reabsorbed, water
follows through osmosis. It is through this function that vascular blood
volume is maintained.

Chloride plays its most important role in acid-base balance. Its role in
the pH balance of the ECF is referred to as the “chloride shift.” The chlo-
ride shift is an ionic exchange that occurs within red blood cells. This shift
preserves the electrical neutrality of the red blood cells and maintains a
1:20 ratio of carbonic acid and HCO, that is essential for pH balance of the
plasma.

Serum Chloride Deficit: Hypochloremia

Loss of chloride ions occurs mainly through GI losses and significantly
alters acid-base balance because of the reciprocal relationship with HCO,.

Pathophysiology and Etiology

Hypochloremia results primarily from severe vomiting and diarrhea,
pyloric obstruction, acute infection, and use of chlorothiazide diuretics.
Other causes of hypochloremia include the prolonged use of I.V. 5 percent
dextrose in water, which dilutes serum electrolytes.

Signs and Symptoms

Patients with hypochloremia may experience neuromuscular symptoms
such as tetany and hypertonic reflexes. Other symptoms include
depressed respiration and excessive loss of chloride, resulting in alkalosis
because of an increase in HCO, level.

@=>> NURSING FAST FACT!

A deficiency in chloride reflects a deficiency in potassium. When replacing
potassium, use potassium chloride solution. When the serum level drops to 80
mEq/L or below there is severe impaired mentation, hypotension and cardiac
dysrhythmias. Correct the underlying disorder.
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Diagnostic Tests

B Serum chloride: Less than 96 mEq/L (less than 80 mEq/L indicates
serious imbalance)
B ABG values: Consistent with alkalosis
B ECG: May show dysrhythmias related to associated hyperkalemia.
Treatment and Management

The principles of treating patients with hypochloremia are twofold: (1)
treat the underlying cause (alkalosis) and (2) administer NaCl solutions.

Nursing assessment includes:

1. Obtain a patient history of conditions that predispose an indi-
vidual to hypochloremia, such as continuous vomiting.

2. Assess for signs and symptoms of hypochloremia.

3. Assess for signs of metabolic alkalosis.

4. Obtain baseline laboratory test values for serum chloride.
Key nursing interventions include:

1. Monitoring changes in laboratory test values for serum chloride
and potassium

2. Monitoring for increased signs of hypochloremia

3. Monitoring serum carbon dioxide or arterial bicarbonate for
metabolic alkalosis

4. Keeping accurate records of gastric secretions

Serum Chloride Excess: Hyperchloremia

Excessive Cl ions result from any condition that causes a decrease in
HCQO, and can also influence the acid-base balance.

Pathophysiology and Etiology

Trauma such as head injury causes retention of sodium and chloride ions.
Hormonal factors affecting retention of chloride include excessive secre-
tion of adrenal cortical hormone. Severe dehydration elevates levels of
serum electrolytes, including chloride. As bicarbonate ions decrease, chlo-
ride ions increase in metabolic acidosis.
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Signs and Symptoms

Patients with hyperchloremia may experience symptoms related to acido-
sis, such as drowsiness, lethargy, headache, weakness, tremors, dyspnea,
tachypnea, Kussmaul respirations (with pH less than 7.20), hyperventila-
tion, and dysrhythmias. If the serum chloride is above 115 mEq/L serious
mentation, hypo- or hypertension, and cardiac dysrhythmias may occur.
Correct the underlying disorder.

Diagnostic Tests

B Serum chloride: Greater than 106 mEq/L

B Serum carbon dioxide: Less than 22 mEq/L when associated with
acidosis

B Serum pH: Less than 7.35 when associated with metabolic acidosis

B ECG: Presence of dysrhythmias

Table 4-5 summarizes common electrolyte imbalances that can occur
in a variety of clinical settings.

Nursing assessment includes:

1. Obtain history of predisposing conditions such as head injury or
cortisone use.

2. Assess for signs and symptoms of hyperchloremia.

3. Obtain baseline laboratory test values for serum chloride and
potassium.

Key nursing interventions include:

1. Monitoring changes in laboratory test values, especially serum
chloride and serum potassium

2. Monitoring for increased signs of hyperchloremia

3. Monitoring serum carbon dioxide or arterial bicarbonate levels
for metabolic acidosis

4. Keeping an accurate record of 24-hour urinary output

& Acid-Base Balance

The regulation of the hydrogen ion concentration of body fluids is actu-
ally the key component of acid—base balance. The pH of a fluid reflects the
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> Table 4-5 PATIENTS AT RISK FOR ELECTROLYTE IMBALANCE
Patient Conditions That Can Potential Electrolyte
Care Unit Lead to Imbalance Imbalances
Geriatric Prolonged diarrhea Fluid volume deficit
Prolonged malnutrition Hypernatremia
Diuretic therapy Hypokalemia
Medical Anorexia nervosa Fluid volume deficit
Profuse sweating Hyponatremia
Overuse of antacids Hypomagnesemia
Gastroenteritis Hypocalcemia
Hyperparathyroidism Hypokalemia
Diabetic ketoacidosis Hyperkalemia
Alcoholism Hypermagnesemia
Renal failure
SIADH
Surgical Infections Fluid volume deficit
Surgical hypoparathyroidism Fluid volume excess
Nasogastric suction Hypokalemia
Postoperative complications Hypomagnesemia
Use of pharmacologic agents: morphine, Hypocalcemia
penicillin, and carbenicillin Hypochloremia
Ileus Hyponatremia
Oncologic Myelogenous leukemia Hypomagnesemia
Lymphoma Hyponatremia
Cytoxan Hypercalcemia
Hypertonic tube feeding Hypernatremia
Neoplastic disease Hypermagnesemia
Solid tumors: Breast and prostate Hypocalcemia*
Malignant melanoma Hyperkalemia*
Hyperphosphatemia*
Critical care Crushing injuries Hypomagnesemia
Total parenteral nutrition administration Hypophosphatemia
Hypertonic tube feedings Hyponatremia
Burns Hypercalcemia
Drowning in sea water Hypernatremia
Head injuries Hyperkalemia

*Components of tumor lysis syndrome.

hydrogen ion concentration of that fluid. The normal pH of arterial blood
ranges from 7.35 to 7.45. A solution is either basic or acidic on the basis of
the concentration of hydrogen ions in the solution, and the pH scale is
used to describe the hydrogen ion concentration. The pH scale is a loga-
rithmic scale with values from 0.00 to 14.00. A neutral solution (i.e., nei-
ther acidic nor basic) has a pH of 7.00 (Lee et al., 1996).

The inverse proportion of the pH to the concentration of hydrogen
ions is reflected in the concept that the higher the pH value, the lower the
hydrogen ion concentration. Conversely, the lower the pH value, the
higher the hydrogen ion concentration. Therefore, a pH below 7.35
reflects an acidic state, but a pH greater than 7.45 indicates alkalosis and
a lower hydrogen ion concentration. A variation from 7.35 to 7.45 of 0.4 in
either direction can be fatal. Figure 4-6 shows the pH scale.
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Figure 4-6 m Acid-base scale.

Three mechanisms operate to maintain the appropriate pH of the
blood:

1. Chemical buffer systems in the ECF and within the cells
2. Removal of carbon dioxide by the lungs
3. Renal regulation of the hydrogen ion concentration

Chemical Buffer Systems

The buffer systems are fast-acting defenses that provide immediate pro-
tection against changes in the hydrogen ion concentration of the ECE. The
buffers also serve as transport mechanisms that carry excess hydrogen
ions to the lungs.

A bulffer is a substance that reacts to minimize pH changes when
either acid or base is released into the system. There are three primary
buffer systems in the ECF: the hemoglobin system, the plasma protein
system, and the bicarbonate system. The capacity of a buffer is limited;
therefore, after the components of a buffer system have reacted, they must
be replenished before the body can respond to further stress.

The hemoglobin and deoxyhemoglobin found in red blood cells,
together with their potassium salts, act as buffer pairs. The electrolyte
chloride shifts in and out of the red blood cells according to the level of
oxygen in the blood plasma. For each chloride ion that leaves a red blood
cell, a bicarbonate ion enters the cell; for each chloride ion that enters a red
blood cell, a bicarbonate ion is released.

Plasma proteins are large molecules that contain the acid (or base)
and salt form of a buffer. Proteins then have the ability to bind or release
hydrogen ions.
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The bicarbonate buffer system maintains the blood’s pH in the range
of 7.35 to 7.45 with a ratio of 20 parts bicarbonate to 1 part carbonic acid
by a process that is called hydration of carbon dioxide and is a means of
buffering the excess acid in the blood. If a strong acid is added to the body;,
the ratio is upset. In this acid imbalance, the largest amount of carbon
dioxide diffuses in the plasma to the red blood cells; carbon dioxide then
combines with plasma protein. Carbon dioxide that is dissolved in the
blood combines with water to form carbonic acid (Lee et al., 1996).

Respiratory Regulation

In healthy individuals, the lungs form a second line of defense in main-
taining the acid—base balance. When carbon dioxide combines with water,
H,CQO, is formed. Therefore, an increase in the acid carbon dioxide lowers
the pH of blood, creating an acidotic state; a decrease in the carbon diox-
ide level increases the pH, causing the blood to become more alkaline.
After H,CO, is formed, it dissociates into carbon dioxide and water. The
carbon dioxide is transferred to the lungs, where it diffuses into the alve-
oli and is eliminated through exhalation. Therefore, the rate of respiration
affects the hydrogen ion concentration. An increase in respiratory rate
causes carbon dioxide to be blown off by the lungs, resulting in an
increase in pH. Conversely, a decrease in respiratory rate causes retention
of carbon dioxide and thus a decrease in pH. This means that the lungs
can either hold the hydrogen ions until the deficit is corrected or inacti-
vate the hydrogen ions into water molecules to be exhaled with the car-
bon dioxide as vapor, thereby correcting the excess. It takes from 10 to 30
minutes for the lungs to inactivate the hydrogen molecules by converting
them to water molecules (Lee et al., 1996).

Renal Regulation

The kidneys regulate the hydrogen ion concentration by increasing or
decreasing the HCO, ion concentration in the body fluid by a series of
complex chemical reactions that occur in the renal tubules. The regulation
of acid-base balance by the kidneys occurs chiefly by increasing or
decreasing the HCO, ion concentration in body fluids. Hydrogen is
secreted into the tubules of the kidney, where it is eliminated in the urine.
At the same time, sodium is reabsorbed from the tubular fluid into the
ECF in exchange for hydrogen and combines with HCO, ions to form the
buffer, NaHCO,.

The kidneys help to regulate the extracellular concentration of HCO,.
Two buffer systems help the kidney to eliminate excess hydrogen in the
urine: the phosphate buffer system and the ammonia buffer system. With
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each of these, an excess of hydrogen is secreted and HCO, ions are
formed; sodium is reabsorbed, thus forming NaHCO,. The time it takes
for a change to occur in the acid-base balance can range from a fraction of
a second to more than 24 hours. Although the kidneys are the most pow-
erful regulating mechanism, they are slow to make major changes in the
acid-base balance (Metheny, 2000).

® Major Acid-Base Imbalances

There are two types of acid-base imbalances: (1) metabolic (base bicar-
bonate deficit and excess) acidosis and alkalosis and (2) respiratory (car-
bonic acid deficit and excess) acidosis and alkalosis. The balanced pH of
the arterial blood is 7.4, and only small variations of up to 0.05 can exist
without causing ill effects. Deviations of more than five times the normal
concentration of H* in the ECF are potentially fatal (Horne & Derrico,
1999).

& Metabolic Acid-Base Imbalance
Normal Reference Value: 22 to 26 mEq/L

Metabolic Acidosis: Base Bicarbonate Deficit

Metabolic acidosis (HCO, deficit) is a clinical disturbance characterized
by a low pH and low plasma HCO, level. This condition can occur by a
gain of hydrogen (H") ion or a loss of HCO,.

Pathophysiology and Etiology

Metabolic acidosis occurs with loss of HCO, from diarrhea, draining fis-
tulas, and administration of TPN. Diabetes mellitus, alcoholism, and star-
vation cause ketoacidosis. Respiratory or circulatory failure, ingestion of
certain drugs or toxins (e.g., salicylates, ethylene glycol, or methyl alco-
hol), some hereditary disorders, and septic shock cause lactic acidosis. It
can also result when renal failure results in excessive retention of hydro-
gen ions.

@=> NURSING FAST FACT!

Hyperkalemia is usually present in clinical cases of acidosis (Metheny,
2000).
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Signs and Symptoms

Patients with metabolic acidosis may experience CNS-related symptoms
such as headache, confusion, drowsiness, increased respiratory rate,
and Kussmaul respirations. Other symptoms include nausea, vomiting,
decreased cardiac output, and bradycardia (when serum pH is less
than 7.0).

Diagnostic Tests

® ABG values: pH less than 7.35, HCO, less than 22 mEq/L

B Paco,: Less than 38 mm Hg

® Serum HCO;: Less than 22 mEq/L

B Serum electrolytes: Elevated potassium possible, because of
exchange of intracellular potassium for hydrogen ions in the body’s
attempt to normalize acid-base environment

B ECG: Dysrhythmias caused by hyperkalemia

Treatment and Management

Patients with metabolic acidosis are treated by (1) reversing the underly-
ing cause (e.g., diabetic ketoacidosis, alcoholism related to ketoacidosis,
diarrhea, acute renal failure, renal tubular acidosis, poisoning, or lactic
acidosis); (2) eliminating the source (if the cause is excessive administra-
tion of sodium chloride); and (3) administering NaHCO, (7.5 percent 44.4
mEq/50 mL or 8.4 percent 50 mEq/50 mL I.V. when pH is equal to or less
than 7.2). Concentration depends on severity of acidosis and presence of
any serum sodium disorders.

@=> NURSING FAST FACT!

Give NaHCO, cautiously to avoid patients’ developing metabolic alkalosis
and pulmonary edema secondary to sodium overload.

Potassium replacement: hyperkalemia is usually present, but potas-
sium deficit can occur. If a deficit of less than 3.5 mEq/L is present, the
potassium deficit must be corrected before NaHCO, is administered
because the potassium shifts back into the ICF when the acidosis is
correct.

Metabolic Alkalosis: Base Bicarbonate Excess

Metabolic alkalosis (i.e., HCO, excess) is a clinical disturbance character-
ized by a high pH and a high plasma HCO, concentration and can be pro-
duced by a gain of HCO, or a loss of hydrogen ion.
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Nursing assessment includes:

1. Obtain a patient history of health problems that relate to meta-
bolic acidosis such as diabetes or renal disease.

2. Obtain baseline vital signs with focus on the respiration and car-
diac functioning.

3. Assess for symptoms of metabolic acidosis.

4. Obtain baseline values for ABGs and laboratory tests. Note the
serum electrolytes, serum CO, content, HCO, and blood sugar
level.

Key nursing interventions include:
1. Providing safety precautions when a patient is confused

2. Monitoring the patient’s dietary and fluid intake and output
record

3. Monitoring laboratory results for changes

4. Monitoring the patient for changes in vital signs, especially
changes in respiration, cardiac function, and CNS signs

Pathophysiology and Etiology

Metabolic alkalosis occurs with GI loss of hydrogen ions from gastric suc-
tioning and vomiting. Renal loss of hydrogen ions occurs from potas-
sium-losing diuretics, excess of mineralocorticoid, hypercalcemia, and
hypoparathyroidism. In patients with hypokalemia and carbohydrate
refeeding after starvation, hydrogen ions shift from ECF into the cells,
depleting serum levels. This also occurs when excessive ingestion of alka-
lis (e.g., antacids such as Alka-Seltzer), parenteral administration of
NaHCO, during cardiopulmonary resuscitation, and massive blood
transfusions increase serum levels of HCO,.

Signs and Symptoms

Patients with metabolic alkalosis may experience dizziness and depressed
respirations in addition to impaired mentation, tingling of fingers
and toes, circumoral paresthesia, and hypertonic reflexes. Other symp-
toms include hypotension, cardiac dysrhythmias, hyperventilation,
hypokalemia, and decreased ionized calcium (i.e., carpopedal spasm).
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Diagnostic Tests

® ABG values: pH greater than 7.45; HCO, greater than 26 mEq/L

B Paco,: Greater than 42 mm Hg

® Serum HCO,: Greater than 26 mEq/L

B Serum electrolytes: Low serum potassium (less than 4 mEq/L) and
low serum chloride

B ECG: Assess for dysrhythmias (Horne & Swearingen, 1993).

@=)> NURSING FAST FACT!

Hypokalemia is often present in patients with alkalosis.

Treatment and Management

Patients with metabolic alkalosis are treated by (1) reversing the underly-
ing cause, (2) administering sufficient chloride for the kidney to excrete
the excess HCO,, and (3) replacing potassium if a chloride deficit is also
present.

Nursing assessment includes:

1. Obtain history of health problems related to metabolic alkalosis
(e.g., peptic ulcer, vomiting, adrenocortical hormone abnor-
malities).

2. Obtain baseline vital signs.
3. Assess for signs and symptoms of metabolic alkalosis.

4. Obtain baseline values for ABGs and serum electrolyte, serum
CO, content, and HCO,

Key nursing interventions include:
1. Providing safety precautions for hyperexcitability states
2. Monitoring the patient’s fluid intake and output
3. Monitoring laboratory results for changes
4

. Monitoring the patient for changes in vital signs, with particu-
lar attention to respirations and CNS

5. Monitoring for changes in cardiac rhythm, especially in patients
taking cardiac glycosides
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% Respiratory Acid-Base Imbalance

Normal Reference Value: Partial pressure of carbon dioxide (Paco,):
38 to 42 mm Hg.

Respiratory Acidosis: Carbonic Acid Excess

Respiratory acidosis is caused by inadequate excretion of carbon dioxide
and inadequate ventilation, resulting in an increase of serum levels or car-
bon dioxide and H,CO,. Acute respiratory acidosis is usually associated
with emergency situations.

Pathophysiology and Etiology

Acute respiratory acidosis can result from pulmonary, neurologic, and
cardiac causes, such as pulmonary edema; aspiration of a foreign body;
pneumothorax; severe pneumonia; severe, prolonged exacerbation of
acute asthma; overdose of sedatives; cardiac arrest; and massive pul-
monary embolism.

Chronic respiratory acidosis results from emphysema, bronchial
asthma, bronchiectasis, postoperative pain, obesity, and tight abdominal
binders.

Signs and Symptoms

Acute signs and symptoms include tachypnea; dyspnea; dizziness;
seizures; warm, flushed skin, and ventricular fibrillation. Chronic signs
and symptoms occur if PaCO, exceeds the body’s ability to compensate,
and include respiratory symptoms.

Diagnostic Tests

® ABG values: Acute: pH less than 7.35, Paco, greater than 42 mm Hg,
HCO, greater than 26 mEq/L. Chronic: pH less than 7.35, Paco,
greater than 42 mm Hg, HCO, normal or slight increase

® Serum HCO,: Reflects acid-base balance; initial values normal
unless mixed disorder is present.

B Serum electrolytes: Usually not altered

B Chest radiography: Determines the presence of underlying pul-
monary disease.

B Drug screen: Determines the quantity of drug if patient is sus-
pected of taking an overdose.

Treatment and Management

Respiratory acidosis is treated by carrying out the following:
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. Improve ventilation.

. Administer bronchodilators or antibiotics for respiratory infections
as indicated.

. Administer oxygen as indicated.

. Administer adequate fluids (2 to 3 L/day) to keep mucous mem-
branes moist and help remove secretions.

Nursing assessment includes:

1.

Obtain history of pneumonia, chronic obstructive pulmonary
disease (COPD), narcotic use, or emphysema.

Obtain baseline vital signs.
Assess for signs and symptoms of respiratory acidosis.

Obtain baseline values for laboratory tests, especially Paco,.

Key nursing interventions include:

1.

N

SN N U

Providing safety precautions when a patient is confused

Monitoring laboratory results for changes, especially pH and
Paco,

Monitoring for changes in vital signs

Monitoring oxygen and mechanical ventilator when in use
Elevating the head of the patient’s bed

Encouraging the patient to perform deep-breathing exercise

Performing chest percussions to break up mucus when app-
ropriate

Respiratory Alkalosis: Carbonic Acid Deficit

Respiratory alkalosis is usually caused by hyperventilation, which causes
“blowing off” of carbon dioxide and a decrease in H,CO, content.
Respiratory alkalosis can be acute or chronic.

Pathophysiology and Etiology

Acute respiratory alkalosis results from pulmonary disorders that produce
hypoxemia or stimulation of the respiratory centers. Underlying causes of
hypoxemia include high fever, pneumonia, congestive heart failure, pul-
monary emboli, hypotension, asthma, and inhalation of irritants. Causes
of stimulation of respiratory centers include anxiety (most common),
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excessive mechanical ventilation, CNS lesions involving the respiratory
center, and salicylate overdose (an early sign).
Signs and Symptoms

Respiratory alkalosis causes light-headedness, the inability to concen-
trate, numbness and tingling of the extremities (circumoral paresthesia),
tinnitus, palpitations, epigastric pain, blurred vision, precordial pain
(tightness), sweating, dry mouth, tremulousness, seizures, and loss of
consciousness.

Diagnostic Tests

® ABG values: pH greater than 7.45, Paco, less than 38 mm Hg, HCO,
less than 22 mEq/L

B Serum electrolytes: Presence of metabolic acid-base disorders

B Serum phosphate: May fall to less than 0.5 mg/dL.

B ECG: Determines cardiac dysrhythmias

Treatment and Management
Treatment of patients with respiratory alkalosis consists of the following:

1. Treating the source of anxiety (instruct patient to breathe slowly
into a paper bag)

2. Administering a sedative as indicated

3. Treating the underlying cause (Metheny, 2000)

Table 4-6 presents a summary of acute acid—base imbalances.

Nursing assessment includes:
1. Obtain a patient history of hysteria, fever, or severe infection.
2. Check for signs and symptoms of respiratory alkalosis.
3. Obtain baseline vital signs.
4. Obtain ABG values.
Key nursing interventions include:

1. Encouraging the patient who is hyperventilating to breathe
slowly

2. Having the patient rebreathe expired air by breathing into a
paper bag

3. Administering a sedative as directed

4. Listening to the patient who is in emotional distress
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> Table 4-6 SUMMARY OF ACUTE ACID-BASE IMBALANCES

The Body’s Reaction to Acid-Base Imbalance

Condition pH Paco, HCO, How the Body
Compensates

Respiratory ‘l’ T or T Kidneys conserve
acidosis normal HCO, and eliminate

With Slightly \L T H’, to increase pH
compensation or normal

Respiratory J/or J/ Kidneys eliminate
alkalosis normal \L HCO, and conserve

With SlightlyJ/ J, H’, to decrease pH
compensation or normal

Metabolic J, \L or Hyperventilation to
acidosis normal blow off excess CO,

With Slightly J/ \L and conserve HCO,
compensation or normal

Metabolic T Tor Hypoventilation to
alkalosis normal T CO,; kidneys keep

With Slightly ‘L T H" and excrete
compensation or normal HCO,

Common Causes of Acid-Base Imbalance

Respiratory acidosis Asphyxis, respiratory depression, CNS depression

Respiratory alkalosis Hyperventilation, anxiety, PE (causing hyperventilation)

Metabolic acidosis Diarrhea, renal failure, salicylate overdose such as ASA

(aspirin)
Metabolic alkalosis Hypercalcemia, overdose on an alkaline substance such as
antacid

‘Compensatory response.

NURSING PLAN OF CARE
ELECTROLYTE IMBALANCE

Focus Assessment
Subjective

® History of precipitating illness or disorder
B Complaints of weakness, lethargy, and fatigue
B Use of drugs that may cause problem

Objective
B Serum laboratory values consistent with specific electrolyte
imbalance

® Urine specific gravity, pH, and osmolarity consistent with specific

electrolyte imbalance
(Continued on following page)
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Neuromuscular, cardiovascular, and neurologic assessment find-
ings consistent with specific electrolyte imbalance

Patient Outcome/Evaluation Criteria
Patient will:

Maintain vital signs within normal limits.

Be mobile without evidence of weakness, pain, or fractures.

Have an adequate cardiac output, blood pressure with normal
range, absence of clinical signs of heart failure and cardiac dys-
rhythmias.

Exhibit voiding pattern and urine characteristics with normal
range.

Have no injury caused by neuromuscular or sensory alterations.
Have an effective breathing pattern with normal depth and rate.

Nursing Diagnoses

Sensory perceptual alterations secondary to hyponatremia
Altered health maintenance related to poor dietary habits or per-
ceptual or cognitive impairment

Constipation related to weakened peristalsis

Fluid volume deficit related to failure of the regulatory mechanism
Impaired physical mobility related to activity intolerance,
decreased strength and endurance, pain, discomfort, neuromuscu-
lar impairment, or musculoskeletal impairment related to elec-
trolyte imbalance

Ineffective breathing pattern related to biochemical imbalances
Altered comfort related to injuring agent (e.g., stones associated
with excessive calcium)

Risk for injury related to confusion, altered thought processes
resulting from: (1) electrolyte imbalance, tetany, and seizures;
(2) severe hypocalcemia or sensory changes; (3) hypercalcemia; or
(4) severe hypokalemia, hypocalcemia, or hypophosphatemia
Impaired gas exchange related to altered oxygen resulting from
laryngeal spasm in patients with severe hypokalemia, hyper-
kalemia, hypocalcemia, or hypophosphatemia

Altered urinary elimination pattern related to changes in renal
function resulting from hypercalcemia

Risk for impaired verbal communication related to confusion,
lethargy, or electrolyte imbalance

Nursing Management

1. Identify patient populations at risk for electrolyte imbalances.
2. Consult with physician if the signs and symptoms of fluid or

electrolyte imbalance persist or clinically worsen.

3. Monitor pertinent client assessment data for potential effects

related to electrolyte imbalances:
a. abnormalities in serum electrolytes as indicated.
b. vital signs for trending.

(Continued on following page)
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NURSING PLAN OF CARE
ELECTROLYTE IMBALANCE (Continued)

c. ECG for dysrhythmias.

d. patient response to electrolyte replacement therapy.

e. loss of electrolyte-rich body fluids, such as nasogastric suc-
tioning, ileostomy drainage, diarrhea, wound drainage, or
diaphoresis.

. side effects of prescribed electrolyte supplements.

. intake and output and possibly daily weights.

. signs of tetany
i. signs of CNS depression

. Administer supplemental electrolytes as indicated.

. Closely monitor serum potassium levels in patients taking
diuretics with digoxin.

6. Medicate for pain as needed.

7. Obtain ordered specimens for laboratory analysis of serum and
urine electrolytes and ABGs as indicated.

8. Maintain L.V. solution containing electrolytes at a constant flow
rate.

9. Provide a safe environment for patients with neurologic and neu-
romuscular manifestations of electrolyte imbalances.

10. Use an infusion pump when administering parenteral potassium

and magnesium.

11. Incorporate seizure precautions into nursing care when

indicated.

12. Encourage compliance with therapeutic regimen.

13. Maintain patent I.V. line.

= a0 -

g1 =

Sources: Sparks & Taylor (1998), Hogan & Wane (2003).

. Patient Education

Provide written material and verbal instructions regarding any medications.

Provide information on predisposing factors associated with specific elec-
trolyte imbalances.

Review indicators of digitalis toxicity, if appropriate.

Provide information on dietary sources of electrolytes in deficit situations
when appropriate.

Educate regarding salt substitutes, potassium-sparing diuretics, and other
predisposing drugs.

Provide information on over-the-counter medications (e.g., magnesium
and aluminum hydroxide, antacids and phosphorus-binding antacids, laxa-
tives, multivitamin and mineral supplements) when appropriate.

Educate the patient with cancer about symptoms of hypercalcemia.

(Continued on following page)
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Educate the patient about appropriate use of laxatives if deficit is caused
by abuse.

Educate the patient on the high phosphorus content of processed foods,
carbonated beverages, and over-the-counter medications when appropriate.

m Home Care lssues

Patients” disease states that might require home electrolyte replacement ther-
apy include:
B Cardiopulmonary disorders: potassium replacement.
B Gastrointestinal disorder: intractable diarrhea, hyperemesis gravi-
darum
B Patients receiving chemotherapy
B Electrolyte replacement therapies usually last from 1 to 7 days. The elec-
trolytes are provided through a peripheral indwelling venous access
device unless a long-term access device is available.
B Assess patients taking oral electrolyte supplements for compliance.

B The seven major electrolytes and their symbols are:
m Cations:
m Sodium: Na*
m Potassium: K*
» Calcium: Ca?*
» Magnesium: Mg?*
m Anions:
m Chloride: CI
m Phosphate: HPO
m Bicarbonate: HCO,
B The prefix hypo: Deficit in an electrolyte
B The prefix hyper: Excess in an electrolyte
® Key nursing interventions for electrolyte imbalances:
m Monitor laboratory values
m Frequent assessments of neurologic, cardiovascular respiratory, GI,
integumentary status; special senses; body weight; and vital signs
= Monitor ECG.
m Monitor for phlebitis.
m Monitor for symptoms of fluid overload.
m Accurate intake and output
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m Safety precautions when the patient is confused
m Patients taking digitalis need to be monitored carefully for digoxin
toxicity.
m Monitor arterial blood gases when appropriate.
m Key laboratory values that the nurse must recognize:
m Potassium K* 3.5 to 5.5 mEq/L
m Calcium: Na™ 135 to 145 mEq/L
m Magnesium (Mg**) 1.5 to 2.5 mEq/L
m Phosphate (HPO,) 3.0 to 4.5 mg/dL
m Chloride (CI") 95 to 108 mEq/L
m Critical guidelines for infusion potassium include:
m Never give potassium L.V. push.
m Concentrations of potassium greater than 60 mEq should not be
given in a peripheral vein.
m Concentrations greater than 8 mEq/100 mL can cause pain and irri-
tation of peripheral veins, leading to phlebitis.
m Do not add potassium to a hanging container.
m Administer potassium at a rate not exceeding 10 mEq/h through
peripheral veins.

B Calcium and phosphate have a reciprocal relationship: When one is ele-
vated, the other is decreased.

B Patients with calcium imbalances may need seizure precautions.

B Monitor for calcemia in patients receiving massive transfusions of cit-
rated blood.

B Trousseau’s sign and Chvostek’s sign are specific for calcium deficit.

B Patients with calcium excess (i.e., hypercalcemia) need to be treated
with saline diuresis and may need hemodialysis.

B The most dangerous symptom of hypocalcemia is laryngospasm.

B The four major acid-base imbalances in the body are respiratory acido-
sis (carbonic acid excess), respiratory alkalosis (carbonic acid deficit),
metabolic acidosis (base bicarbonate deficit), and metabolic alkalosis
(bicarbonate excess).

B Acid-base balance is maintained through three major reaction-specific
buffer systems that regulate hydrogen ion concentration: the carbonic
acid-bicarbonate system, the phosphate buffer system, and the protein
buffer system.

HE Critical Thinking: Case Study

A 65-year-old man presented to the emergency room with complaints of
chronic tiredness and increased skin pigmentation. On examination his
blood pressure was low: 98/60 mm Hg. Blood test revealed a plasma potas-
sium level of 6.8 mEq/L and a plasma sodium level of 132 mEq/L. The
BUN was 20 mg/dL and the serum creatinine was 1.2 mg/dL
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What is the electrolyte imbalance? What is the underlying cause? What
nursing diagnoses would apply to this patient? What would be the treat-
ment options for this patient?

Media Link: Use the enclosed CD-ROM for more critical thinking
activities and the answers to this case study.

Post-Test
In questions 1 through 8, match the signs and symptoms in Column I
to the clinical manifestation in Column II.
Column I Column II

1. CNS depression, drowsiness, lethargy ~ a. Hypomagnesemia

2. Hyperirritability, tremors, increased b. Hypermagnesemia
tendon reflexes

3. Carpopedal spasm, laryngeal spasm, c. Hypocalcemia
convulsions

4. Bone tumors, prolonged immobilization, d. Hypercalcemia
increased PTH secretion

5. Fatigue, headache, apprehension, e. Hypernatremia
serum Na* 115

6. Serum Na™ 150, urine Na* less than f. Hyponatremia
40 mEq/L, urine specific gravity
greater than 1.125

7. ECG with flat or inverted T wave, g. Hypokalemia
depressed ST segment

8. ECG with peaked, narrow T wave, h. Hyperkalemia
shortened QT interval, prolonged PR
interval followed by disappearance
of P wave
9. Treatment for a patient with metabolic alkalosis includes:
a. Removal of underlying cause
b. LV. fluid administration with NaCl
¢. Replacement of potassium deficit
d. All of the above

10. To correct metabolic acidosis, the parenteral fluid of choice is:
a. NaHCO,
b. NaCl
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c¢. Albumin
d. 5 Percent dextrose in water

11. The pH range of arterial blood is:
a. 7.25t0 7.35
b. 7.35 to 7.45
c. 7.45to07.55
d. 7.56 to 8.05

12. A nursing diagnosis that would be appropriate for the patient
with calcium deficit would be:

a. Ineffective breathing pattern related to biochemical im-
balances

b. Altered comfort related to injuring agent

c. Risk for injury related to electrolyte imbalance, tetany, and
seizures

d. Altered urinary elimination pattern related to changes in renal
function

Media Link: Use the enclosed CD-ROM with this text for more practice
test questions and answers along with rationales.
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Chapter 5
Parenteral Solutions

Let the patient’s taste decide. You will say that, in cases of great thirst, the
patient’s craving decides that it will drink a great deal of tea, and that you can-
not help it. But in these cases be sure that the patient requires diluents for quite
other purposes than quenching the thirst; he wants a great deal of some drink,
not only of tea, and the doctor will order what he is to have, barley water or
lemonade, or soda water and milk, as the case may be.
—Florence Nightingale, 1859

Learning Objectives

Glossary

Rationales and Objectives of
Parenteral Therapy
Maintenance Therapy
Replacement Therapy
Restoration Therapy

Key Elements in Parenteral
Solutions
Water
Carbohydrates (Glucose)
Amino Acids
Vitamins
Electrolytes
pH

Osmolarity of Parenteral
Solutions
Isotonic or Isosmolar Fluids

Hypotonic Fluids
Hypertonic Fluids

Types of Parenteral Solutions
Crystalloid Solutions
Colloid Solutions

Nursing Plan of Care:
Administration of
Parenteral Fluids

Patient Education

Home Care Issues

Key Points

Critical Thinking: Case Study

Post-Test

References

Answers to Chapter 5
Post-Test
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B | EARNING Upon completion of this chapter, the reader will be able to:

OBJECTIVES 1. Define terminology related to parenteral
solutions.

2. Identify the three objectives of parenteral therapy.

3. List the key elements in intravenous (I.V.)
solutions.

4. List the uses of maintenance fluids.

5. List the four functions of glucose as a necessary
nutrient when administered parenterally.

6. Explain the roles of vitamin C and vitamin B
complex in maintenance therapy.

7. Describe the uses of hypotonic, isotonic, and
hypertonic fluids.

8. Identify the major groupings of L.V. solutions.

9. Compare the advantages and disadvantages of
dextrose, sodium chloride, hydrating fluids, and
multiple electrolyte fluids.

10. Identify the main role of hydrating fluids.

11. Compare the properties of a crystalloid with
those of a colloid solution.

12. Identify the use of alkalinizing and acidifying
fluids.

13. State the most commonly used hypotonic multi-
ple electrolyte solution.

14. State the most commonly used isotonic multiple
electrolyte fluid.

15. State the use of albumin, hetastarch, and dextran.

4 GLOSSARY

Balanced solution Parenteral solution that contains electrolytes in pro-
portions similar to those in plasma; also contains bicarbonate or
acetate ion

Catabolism The breakdown of chemical compounds by the body; an
energy-producing metabolic process

Colloid A substance (e.g., blood, plasma, albumin, dextran) that does
not dissolve into a true solution and is not capable of passing through
a semipermeable membrane

Crystalloid A substance that forms a true solution and is capable of
passing through a semipermeable membrane (e.g., lactated Ringer’s
solution, isotonic saline)

Dehydration A deficit of body water; can involve one fluid compart-
ment or all three
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Hydrating fluid A solution of water, carbohydrate, sodium, and chlo-
ride used to determine adequacy of renal function

Hypertonic solution A solution with an osmolarity higher than that of
plasma

Hypotonic solution A solution with an osmolarity lower than that of
plasma

Isotonic solution A solution with the same osmolarity as plasma

Maintenance therapy Fluids that provide all nutrients necessary to
meet daily patient requirements

Normal saline Solution of salt (0.9 percent sodium chloride)

Plasma substitute A solution of a synthetic substance, such as dextran,
used as a substitute for plasma

Replacement therapy Replenishment of losses when maintenance can-
not be met and when patient is in a deficit state

Restoration therapy Reconstruction of fluid and electrolyte needs on a
continuing basis until homeostasis returns

% Rationales and Objectives
of Parenteral Therapy

The complex subject of fluids and electrolytes is the foundation for under-
standing parenteral fluid administration. Chapters 3 and 4 provide the
requisite background knowledge for this chapter on parenteral therapy.
To understand the use of parenteral solutions the nurse must under-
stand two important concepts: (1) the rationale for the physician’s order
of LV. therapy and (2) the type of solution ordered, together with the com-
position and clinical use of that solution. Objectives or rationales for
administration of L.V. therapy fall into three broad categories:

1. Maintenance therapy for daily body fluid requirements
2. Replacement therapy for present losses
3. Restoration therapy for concurrent or continuing losses.

These three objectives differ with regard to the time necessary to com-
plete the therapy, the purpose of the I.V. fluid, and the type of patient who
is to receive the L.V. solution. Factors affecting the choice of objective in
prescribing parenteral fluid and the rate of administration by the physi-
cian are the patient’s renal function, daily maintenance requirements,
existing fluid and electrolyte imbalance, clinical status, and disturbances
in homeostasis as a result of parenteral therapy (Metheny, 2000).

Maintenance Therapy

Water has the priority in maintenance therapy. The body needs water to
replace insensible loss, which can occur as perspiration from the skin and
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moisture from respirations. The average adult loses 500 to 1000 mL of
water over 24 hours through insensible loss. Water is also an important
dilutor for waste products excreted by the kidneys. Approximately 30 mL
of fluid is needed per kilogram of body weight (i.e., 15 mL/kg) for main-
tenance needs (Metheny, 2000). In addition, an individual’s fluid require-
ments are based on age, height, weight, and amount of body fat.

Maintenance therapy provides nutrients that meet the daily needs of
a patient for water, electrolytes, and dextrose. Water has priority. The typ-
ical patient profile for maintenance therapy is an individual who is
allowed nothing by mouth (NPO) or whose oral intake is restricted for
any reason. Remember that insensible loss is approximately 500 to 1000
mL every 24 hours. Maintenance therapy should be 1500 mL per square
meter (m?) of body surface over 24 hours (Metheny, 2000). For example,
a man weighing 85 kg (187 Ib) has a body surface area of 2 (m?); 1500
times 2 equal 3000; therefore, he needs 3000 mL of fluids for maintenance
therapy.

Balanced solutions for maintenance therapy include water, daily
needs of sodium and potassium, and glucose. Glucose, a necessary com-
ponent in maintenance therapy, is converted to glycogen by the liver. It
has four main uses in parenteral therapy:

1. Improves hepatic function.

2. Supplies necessary calories for energy.
3. Spares body protein.

4. Minimizes ketosis.

@==> NURSING FAST FACT!

The basic caloric requirement for an adult is 1600 calories/day for a 70-
kg adult at rest. Approximately 100 to 150 g of carbohydrates are needed daily
to minimize protein catabolism and prevent starvation. One liter of 5 percent
dextrose in water contains 50 g of dextrose (Metheny, 2000).

Hospitalized patients receiving additional saline or glucose infusions
are prone to developing potassium deficiency. In addition, hospitalized
patients are usually under physiologic stress. Excretion of potassium in
their urine can increase to 60 to 120 mEq/day even with limited intake.
Tissue injury significantly increases the loss of potassium. Normal dietary
intake of potassium is 80 to 200 mEq/day.

Vitamins are necessary for utilization of other nutrients. Vitamin C
and vitamin B complex are used frequently in parenteral therapy, espe-
cially for postoperative patients. Vitamin C promotes wound healing, and
vitamin B complex has a role in metabolism of carbohydrates and main-
tenance of gastrointestinal (GI) function (Weinstein, 1997).
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Replacement Therapy

Replacement therapy is necessary to take care of the fluid, electrolyte, or
blood product deficits of patients in acute distress; this type of therapy is
supplied over a 48-hour period. Examples of conditions of patients need-
ing replacement infusion therapy (and their replacement requirements)
are:

B Hemorrhage (for replacement of cells and plasma)

B Low platelet count (for replacement of clotting factors)

B Vomiting and diarrhea (for replacement of losses of electrolytes and
water)

B Starvation (for replacement of losses of water and electrolytes)

When the maintenance of body requirements cannot be met, the
physician should institute replacement therapy. The physician must fig-
ure the losses and calculate replacement over a 48-hour period. Kidney
function is the first thing that should be checked before replacement ther-
apy is begun. Patients requiring replacement therapy, except those in
shock, require potassium. Patients under stress from tissue injury, wound
infection, or gastric or bowel surgery also require potassium. Adequate
replacement is achieved using 20 mEq/L of potassium (Metheny, 2000).

@=> NURSING FAST FACT!

Never give more than 120 mEq of potassium in a 24—hour period unless
cardiac status is monitored continuously, because it can create a life-threatening
situation.

Carefully monitor balanced solutions with potassium for the follow-
ing patients:

1. Those with dysfunction of the:
m Renal system
m Cardiovascular system
m Adrenal glands
m Pituitary gland
Parathyroid gland
2. Those with deficits of:
m Sodium
m Calcium
m Base bicarbonate
m Blood volume (hypovolemic)
3. Those with excess of:
m Base bicarbonate
m Extracellular potassium
m Extracellular calcium
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@=> NURSING FAST FACT!

Key nursing assessment: Check kidney function before administering
potassium in replacement therapy.

Restoration Therapy

Restoration therapy for concurrent losses is achieved on an ongoing daily
basis. Critical evaluation of concurrent losses of fluid and electrolyte ther-
apy is done at least every 24 hours. Accurate documentation of intake and
output is extremely important in this type of management of fluid and
electrolyte therapy. Restoration of homeostasis depends on the nursing
assessment of intake of I.V. fluids as well as on the documentation of all
body fluid losses. The types of clinical patients who require 24-hour eval-
uation are those with draining fistulas, abscesses, nasogastric tubes,
burns, and abdominal wounds.

The fluid and electrolyte management of these patients cannot be
completed in 48 hours. Therefore, maintenance therapy and replacement
therapy do not meet these patients” needs. A day-by-day restoration of
vital fluids and electrolytes is necessary. With these types of patients, you
will see frequent changes in the types of solutions ordered, in the amounts
of electrolytes ordered based on laboratory values ordered, and in the rate
of infusion.

The type of restoration fluid ordered depends on the type of fluid that
is being lost. For example, excessive loss of gastric fluid must be replaced
by solutions resembling that fluid; with nasogastric suctioning, chloride,
potassium, and sodium are lost continually. Restoration of electrolyte
imbalance is imperative for proper homeostatic management therapy.
Rather than waiting to make daily rounds to evaluate the 24-hour totals
and change infusion orders, physicians are ordering multiple electrolyte
solutions to be used as a replacement solution through the main infusion
system on an ongoing basis. This replacement need is reevaluated every
1 to 8 hours. Table 5-1 presents an example of how restoration fluids are
ordered and administered. Restoration of fluids and electrolytes is chal-
lenging for nurses. One must be on time and accurate so as not to over-
load.

% Key Elements in Parenteral Solutions

The key elements that make up parenteral fluids include water, carbohy-
drates (glucose), protein, vitamins, electrolytes, and pH.
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> Table 5-1 ADMINISTRATION OF RESTORATION FLUIDS

The physician orders 1000 mL of 5% dextrose/0.45% sodium chloride every 8 hours as a
primary solution. A multiple electrolyte solution, such as lactated Ringer’s solution, is
ordered in addition to the primary solution to replace nasogastric output milliliter for
milliliter over 4 hours. The primary LV. solution is continuously infused at 125 mL/h. If
the nasogastric suction container is emptied of 400 mL of gastric secretions, the nurse
will need to infuse 400 mL of lactated Ringer’s solution over the next 4 hours, or 100
mL/h. (See sample schedule below.) The primary solution (5% dextrose/0.5% sodium
chloride) will infuse at 125 mL, and the lactated Ringer’s solution will infuse at 100
mL/h for a total of 225 mL/h. The nurse will then empty the nasogastric suction con-
tainer 4 hours later and recalculate the replacement solution.

Time 8 Am 9 AM 10 Am 1MaM  12noon 1pm

Gastric suction, mL 400 300

Primary fluids, mL 125 125 125 125 125 125

Restoration fluids (lactated 100 100 100 100 75 75
Ringer’s solution), mL

Total, mL 225 225 225 250 200 200

Water

Normal daily maintenance requirements for water in an adult are roughly
1000 mL/day. These water needs are increased in patients with sensible
water losses such as respiratory rate above 20, fever, and diaphoresis, as
well as in low-humidity environments; in patients with decreased renal
concentration ability; and in elderly people. The average adult loses 500
to 1000 mL in the form of insensible water every 24 hours. Water must be
provided for adequate kidney function.

@=> NURSING FAST FACT!

High humidity, such as that in an incubator, minimizes insensible water
loss (Metheny, 2000).

Carbohydrates (Glucose)

Glucose, a nutrient included in maintenance, restoration, and replace-
ment therapies, is converted into glycogen by the liver, which improves
hepatic function. By supplying calories for energy, it spares body protein.
Sources of carbohydrates include dextrose (glucose) and fructose. When
glucose is supplied by infusion, all the parenteral glucose is bioavailable.

The addition of 100 g of glucose per day minimizes starvation. Every
2 L of 5 percent dextrose in water contains 100 g of glucose.
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Amino Acids

Amino acids (protein) are the body-building nutrients whose major func-
tions are contributing to tissue growth and repair, replacing body cells,
healing wounds, and synthesizing vitamins and enzymes. Amino acids
are the basic units of protein. The parenteral proteins currently used are
elemental, provided as synthetic crystalline amino acids. These proteins
are available in concentrations of 3.5 to 15 percent and are used in total
parenteral nutrition (TPN) centrally or peripherally. When administered
by infusion, protein bypasses the GI and portal circulation (Metheny,
2000).

The usual daily requirement is 1 g of protein/kg of body weight. For
example, a 54-kg woman needs 54 g of protein per day.

Vitamins

Vitamins are added to restorative and replacement therapies. Certain vita-
mins (i.e., the fat-soluble A, D, E, and K and water-soluble B and C vita-
mins) are necessary for growth and act as catalysts for metabolic
processes. Some disease conditions alter vitamin requirements (Metheny,
2000). Vitamins B and C are the most frequently used in parenteral ther-
apy. Vitamin B complex is important in the metabolism of carbohydrates
and the maintenance of GI function, which is especially important in
postoperative patients. Vitamin C promotes wound healing.

Electrolytes

Electrolytes are the major additives to replacement and restorative thera-
pies. Correction of electrolyte imbalances is important in the prevention
of serious complications associated with excess or deficit of electrolytes.
There are seven major electrolytes in normal body fluids and the same
seven major elements are supplied in manufactured LV. solutions.
(Chapter 4 reviews these electrolyte functions.) The electrolytes of major
importance in parenteral therapy are potassium, sodium, chloride, mag-
nesium, phosphorus, calcium, and bicarbonate or acetate ion (important
for acid-base balance).

pH

The pH reflects the degree of acidity or alkalinity of a solution. Blood pH
is not a significant problem for routine parenteral therapy. Normal kid-
neys can achieve an acid-base balance as long as enough water is sup-
plied. The USP standards require that solution pH must be slightly acidic
(a pH of between 3.5 and 6.2). Many solutions have a pH of 5. The acidity
of solutions allows them to have a longer shelf life.
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@=> NURSING FAST FACT!

As the acidity of a solution increases, the solution’s ability to irritate vein
walls increases.

® Osmolarity of Parenteral Solutions

The tonicity (osmolarity) of intravenous solutions refers to the effect of the
concentration or osmotic pressure of dissolved particles in the solution.
The concentration of dissolved particles directly determines the direction
of the fluid shift between the extracellular and intracellular compart-
ments. Administration of intravenous fluids is guided by the tonicity of
the solution and falls into three categories: isotonic or isosmolar, hypo-
tonic, and hypertonic (Kraft, 2000). The effect of I.V. fluid on the body
fluid compartments depends on how its osmolarity compares with the
patient’s serum osmolarity. Intravenous fluids can change the fluid com-
partment in one of three ways:

1. Expand the intravascular compartment

2. Expand the intravascular compartment and deplete the intracellu-
lar and interstitial compartments

3. Expand the intracellular compartment and deplete the intravascu-
lar compartment

NOTE > Review Chapter 3 for further information on osmolarity and diagrams
of fluid shifts.

Isotonic or Isomolar Fluids

Isotonic solutions have an osmolarity of 250 to 375 mOsm/L. Blood and
normal body fluids have an osmolarity of 285 to 295 mOsm/kg. These flu-
ids are used to expand the extracellular fluid (ECF) compartment. No net
fluid shifts occur between isotonic solutions because the osmotic pressure
gradient is the same inside and outside the cells. Many isotonic solutions
are available. Examples include 0.9 percent sodium chloride, 5 percent
dextrose in water, and lactated Ringer’s solution.

Isotonic solutions are commonly used to treat fluid loss, dehydration,
and hypernatremia (sodium excess). Five percent dextrose solution is
used for dehydration because it replaces fluid volume without disrupting
the interstitial and intracellular environment. However, this solution
becomes hypotonic when dextrose is metabolized; the solution should be
used cautiously in patients with renal and cardiac disease because of the
increased risk of fluid overload (Kraft, 2000). This solution also does not
provide enough daily calories and can lead to protein breakdown if used
for extended periods of time.
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Hypotonic Fluids

Hypotonic fluids have an osmolarity lower than 250 mOsm/L. By lower-
ing serum osmolarity, the body fluids shift out of blood vessels into cells
and interstitial spaces. The resulting osmotic pressure gradient draws
water into the cells from the ECF, causing the cells to swell. Hypotonic
solutions are used for patients who have hypertonic dehydration, water
replacement, and diabetic ketoacidosis after initial sodium chloride
replacement (Kraft, 2000). Examples of hypotonic solutions include 0.45
percent sodium chloride (half-strength saline), 0.33 percent sodium chlo-
ride, and 2.5 percent dextrose in water.

Hypotonic solutions hydrate cells and can deplete the circulatory sys-
tem. Water moves from the vascular space to the intracellular space when
hypotonic fluids are infused.

Hypertonic Fluids

Hypertonic fluids have an osmolarity of 375 mOsm/L or higher. The
resulting osmotic pressure gradient draws water from the intracellular
space increasing extracellular volume and causing cells to shrink.
Examples of hypertonic fluids include 5 percent dextrose in 0.45 percent
sodium chloride, 5 percent dextrose in 0.9 percent sodium chloride, 5 per-
cent dextrose in lactated Ringer’s, 10 percent dextrose in water, and col-
loids (albumin 25 percent, plasma protein fraction, dextran, and
hetastarch).

These fluids are used to replace electrolytes, to treat hypotonic dehy-
dration, and in temporary treatment of circulatory insufficiency and
shock. When hypertonic dextrose solutions are used alone, they also are
used to shift ECF from the interstitial fluid to the plasma.

@=> NURSING FAST FACTS!

Caution: The danger with the use of isotonic solutions is circulatory over-
load. These solutions do not cause fluid shifts into other compartments. The
problem with overexpanding the vascular compartment is that the fluid dilutes
the concentration of hemoglobin and lowers hematocrit levels.

Caution: Hypertonic solutions are irritating to vein walls and may cause
hypertonic circulatory overload. Some hypertonic solutions are contraindicated in
patients with cardiac or renal disease because of the increased risk of congestive
heart failure and pulmonary edema.

Do not give hypotonic solutions to patients with low blood pressure
because it will further a hypotensive state.

Give hypertonic solutions slowly to prevent circulatory overload.
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® Types of Parenteral Solutions

Crystalloid Solutions

Crystalloids are materials capable of crystallization (i.e., have the ability
to form crystals). Crystalloids are solutes that, when placed in a solution,
mix with and dissolve into a solution and cannot be distinguished from
the resultant solution. Because of this, crystalloid solutions are considered
true solutions that are capable of diffusing through membranes. The vas-
cular fluid is 25 percent of the ECF, and 25 percent of any crystalloid
administered remains in the vascular space. Crystalloids must be given in
three to four times the volume to expand the vascular space to a degree
equal to that brought about by a colloid solution. Types of crystalloid
solutions include dextrose solutions, sodium chloride solutions, multiple
electrolyte solutions, and alkalizing and acidifying solutions.

Dextrose Solutions

Carbohydrates can be administered by the parenteral route as dextrose,
fructose, or invert sugar. Dextrose is the most commonly administered
carbohydrate. The percentage solutions express the number of grams of
solute per 100 g of solvent. Thus a 5 percent dextrose in water (D5W) infu-
sion contains 5 g of dextrose in 100 mL of water.

@=—> NURSING FAST FACTS!

One milliliter of water weighs 1 g, and 1 mL is 1 percent of 100 mL.
Milliliters, grams, and percentages can be used interchangeably when calculating
solution strength. Thus, 5 percent dextrose in water equals 5 g of dextrose in 100
mL, and 1 L of 5 percent dextrose in water contains 50 g of dextrose. (Example:
250 mL of 20 percent dextrose in water solution contains 50 g of dextrose.)

Hypotonic dextrose solutions hydrate the intracellular compartment more
than they hydrate the intravascular space.

An adult at bed rest needs approximately 1600 calories daily; this is a
basal figure and does not allow for fever or other causes of increased
metabolism (Metheny, 2000). When carbohydrate needs are inadequate,
the body will use its own fat to supply calories. Dextrose fluids are used
to provide calories for energy, reduce catabolism of protein, and reduce
protein breakdown of glucose to help prevent a negative nitrogen
balance.

The monohydrate form of dextrose used in parenteral solutions
provides 3.4 kcal/g. It is difficult to administer enough calories by L.V.
infusion, especially with 5 percent dextrose in water, which provides only
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170 calories per liter. One would have to administer 9 L to meet calorie
requirements, and most patients cannot tolerate 9000 mL of fluid in 24
hours. Concentrated solutions of carbohydrates in 20 to 70 percent dex-
trose are useful for supplying calories. These solutions containing high
percentages of dextrose must be administered slowly for adequate
absorption and utilization by the cells (Metheny, 2000).

Dextrose is a nonelectrolyte, and the total number of particles in a
dextrose solution does not depend on ionization. Dextrose is thought
to be the closest to the ideal carbohydrate available because it is well
metabolized by all tissues. The tonicity of dextrose solutions depends
on the particles of sugar in the solution. Dextrose 5 percent is rapidly
metabolized and has no osmotically active particles after it is in the
plasma. The osmolarity of a dextrose solution is determined differently
from that of an electrolyte solution. Dextrose is distributed inside and out-
side the cells, with 8 percent remaining in the circulation to increase blood
volume. The USP pH requirements for dextrose are 3.5 to 6.5 (Metheny,
2000).

Dextrose in water is available in various concentrations including 2.5,
5,10, 20, 30, 40, 50, and 70 percent. Dextrose is also available in combina-
tion with other types of solutions. The 5 percent and 10 percent concen-
trations can be given peripherally. Concentrations higher than 10 percent
are given through central veins. A general exception is the administration
of limited amounts of 50 percent dextrose given slowly through a periph-
eral vein for emergency treatment of hypoglycemia (usually 3 mL/min)
(Deglin & Vallerand, 2002).

The other two types of carbohydrates used for infusions, fructose and
invert sugar, have their own specific uses. Fructose is similar to glucose
but is less irritating to veins. The important point about fructose is that it
can be metabolized by adipose tissue independent of insulin. However,
fructose cannot be used if the patient is in acidosis. Invert sugar contains
the same equimolar quantities of glucose and fructose, but less invert
sugar is lost in the urine (Metheny, 2000).

ADVANTAGES

B Acts as a vehicle for administration of medications.

B Provides nutrition.

B Can be used as treatment for hyperkalemia (using high concentra-
tions of dextrose).

B Can be used in treatment of patients with dehydration.

B Provides free water.

DISADVANTAGES

The main disadvantage of dextrose solutions intravenously is vein
irritation, which is caused by the slightly acidic pH of the solution. Vein
irritation, vein damage, and thrombosis may result when hypertonic dex-
trose solutions are administered in a peripheral vein (Hankin & Hedrick,
2001).
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If solutions of 20 to 70 percent dextrose are infused rapidly, they act
as an osmotic diuretic and pull interstitial fluid into plasma, causing
severe cellular dehydration. Any solution of dextrose infused rapidly can
place the patient at risk for dehydration. To prevent this adverse reaction,
infuse the dextrose solution at the prescribed rate.

If 20 to 70 percent dextrose is infused too rapidly, it can irritate the
vein wall. Rapid infusion of 20 to 70 percent dextrose can also lead to tran-
sient hyperinsulin reaction, in which the pancreas secretes extra insulin to
metabolize the infused dextrose. Sudden discontinuation of any hyper-
tonic dextrose solution may leave a temporary excess of insulin.

To prevent hyperinsulinism, infuse an isotonic dextrose solution (5 to
10 percent) to wean the patient off hypertonic dextrose. The infusion rate
should be gradually decreased over 48 hours. When administering dex-
trose solutions, remember that they do not provide any electrolytes.
Dextrose solutions cannot replace or correct electrolyte deficits, and con-
tinuous infusion of 5 percent dextrose in water places patients at risk for
deficits in sodium, potassium, and chloride. In addition, dextrose cannot
be mixed with blood components because it causes hemolysis (i.e.,
agglomeration) of the cells.

Before any medication is added to a dextrose solution, compatibility
information should be checked. Dextrose may also affect the stability of
admixtures (e.g., ampicillin sodium) (Hankins & Hedrick, 2001).

@=> NURSING FAST FACTS!

Do not play “catch up” if the solution infusion is behind schedule. Make
sure the |.V. solution does not “run away” and that it does not infuse rapidly into
the patient.

All dextrose solutions are acidic (pH 3.5 to 5.0) and may cause throm-
bophlebitis. Assess the I.V. site frequently.

Table 5-2 presents the types and contents of available dextrose solu-
tions.

Sodium Chloride Solutions

Sodium chloride solutions are available in 0.25, 0.45, 0.9, 3, and 5 percent
concentrations. Sodium chloride 0.9 percent solution, often referred to as
normal saline, has 154 mEq of both sodium and chloride, or about 9 per-
cent higher than normal plasma levels of sodium and chloride ions with-
out other plasma electrolytes. The term normal saline is therefore
misleading.

There are many clinical uses of sodium chloride solutions, including
treatment of shock, hyponatremia, use with blood transfusions, resuscita-
tion in trauma situations, fluid challenges, metabolic alkalosis hypercal-
cemia, and fluid replacement in diabetic ketoacidosis, to list a few.
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> Table 5-2 CONTENTS OF AVAILABLE INTRAVENOUS FLUIDS

Dex-
trose,
g/100 Cal/
Solution Osmolarity —mL pH 100mL Na ClI K Ca Mg Acetate Lactate

Dextrose in Water (D/W)

2.5% D/W Hypotonic 2.5 4.5 8

5% D/W Isotonic 5 4.8 17
10% D/W  Hypertonic 10 47 34
20% D/W  Hypertonic 20 4.8 68
50% D/W  Hypertonic 50 46 170

70% D/W  Hypertonic 70 46 237
Sodium Chloride (NaCl)

0.2% NaCl Hypotonic 4.5 34 34
(1/4

strength)
0.45% NaCl Hypotonic 5.6 77 77
/2

strength)

0.9% NaCl Isotonic 6.0 154 154
(full

strength)

3% NaCl Hypertonic 6.0 513 513
5% NaCl Hypertonic 6.0 855 855

Dextrose and Sodium Chloride (D/NaCl)

0.2% D Isotonic 2.5 45 8 154 154
and 0.9%
NaCl

5% D Isotonic 5 46 17 34 34
and 0.2%
NaCl

5% D Hypertonic 5 46 17 77 77
and 0.45
NaCl

5% D Hypertonic 5 44 17 154 154
and 0.9%
NaCl

Multiple Electrolyte Solutions

Lactated Isotonic 6.5 130 109 43 28

Ringer’s

solution

Ringer’s Isotonic 55 147 156 4 4

injection

Normosol-R Isotonic 6.4 18 140 98 5 3 27

Plasmalyte-Alsotonic 5.5 140 98 5 3 27

Isolyte E Isotonic 6.0 140 103 10 3 49
Speciality Solutions

1/6 M Isotonic 6.5 167 167

sodium (335)

lactate

10% Hypertonic 5.7

Mannitol

20% Hypertonic 5.7

Mannitol (Continued on following page)
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Dex-
trose,
g/100 Cal/
Solution Osmolarity mL pH 100mL Na ClI K Ca Mg Acetate Lactate
NaHCO, Isotonic 8.0 595 595
(333)
6% Dex- Isotonic 5.0 154 154
tran and
0.9% NaCl
10% Dex- Isotonic 5.0 154 154
tran and
0.9% NaCl

Ca = Calcium; Cal = calories; Cl = chloride; K = potassium; Mg = magnesium; Na = sodium.

Sodium chloride solutions should be used cautiously in patients with con-
gestive heart failure, edema, or hypernatremia because it replaces ECF
and can lead to fluid overload.

Table 5-2 presents the types and content of available sodium chloride
solutions.

ADVANTAGES

B Provides ECF replacement when chloride loss is greater than or
equal to sodium losses (e.g., a patient undergoing nasogastric suc-
tioning).

B Treats patients with metabolic alkalosis in the presence of fluid loss
(the 154 mEq of chloride helps compensate for the increase in bicar-
bonate ions).

B Treats patients with sodium depletion.

B Initiates or terminates a blood transfusion (the saline solutions are
the only solutions to be used with any blood product).

DISADVANTAGES

B Provides more sodium and chloride than patients need, causing
hypernatremia. The adult dietary sodium requirements are 90 to
250 mEq daily. Three liters of sodium chloride (0.9 percent) pro-
vides a patient with 462 mEq of sodium, a level that exceeds nor-
mal tolerance. To prevent this overload of electrolytes, assess for
signs and symptoms of sodium retention.

B Can cause acidosis in patients receiving continuous infusions of
0.9 percent sodium chloride because sodium chloride provides
one third more chloride than is present in ECF. The excess chloride
leads to loss of bicarbonate ions, leading to an imbalance of
acid.

B May cause low potassium levels (i.e., hypokalemia) because of the
lack of the other important electrolytes over a period of time.

® Can lead to circulatory overload. Isotonic fluids expand the ECF
compartment, which can lead to overload of the cardiovascular
compartments.
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@==> NURSING FAST FACT!

During stress, the body retains sodium, adding to hypernatremia.

Hypotonic saline (0.45 percent) can be used to supply normal daily
salt and water requirements safely. Hypertonic saline solution (3 to 5 per-
cent) is used only to correct severe sodium depletion and water overload.

Hyperosmolar saline (3 or 5 percent NaCl) can be dangerous when
administered incorrectly.

Nurses should follow these steps to ensure safe administration of
hyperosmolar saline:

B Check serum sodium level before and during administration.

B Administer only in intensive care settings.

B Monitor aggressively for signs of pulmonary edema.

B Only small volumes of hyperosmolar fluids are usually admin-
istered.

B Use a volume-controlled device or electronic infusion pump
(NSNA, 1997).

r l AGE-RELATED CONSIDERATIONS 5-1

Be aware of the increased dangers of administering saline solutions to
| elderly patients, patients with severe dehydration, and patients with chronic
glomerulonephritis.

Dextrose Combined with Sodium Chloride

When sodium chloride is infused, the addition of 100 g dextrose prevents
formation of ketone bodies. Dextrose prevents catabolism, which is the
breakdown of chemical compounds by the body. Consequently, there is a
loss of potassium and intracellular water.

Carbohydrates and sodium chloride fluid combinations are best used
when there has been an excessive loss of fluid through sweating, vomit-
ing, or gastric suctioning (Kuhn, 1999). See Table 5-2 for types of available
dextrose and sodium chloride solutions.

ADVANTAGES

B Temporarily treats patients with circulatory insufficiency and shock
caused by hypovolemia in the immediate absence of a plasma
expander.

B Provides early treatment of burns, along with plasma or albumin.

B Replaces nutrients and electrolytes.

B Acts as a hydrating solution to assist in checking kidney function
before replacement of potassium.
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DISADVANTAGE

B Same as for sodium chloride solutions (see earlier section): hyper-
natremia, acidosis, and circulatory overload.

Hydrating Solutions (Combinations of Dextrose and Hypotonic
Sodium Chloride)

Solutions that contain dextrose and hypotonic saline provide more water
than is required for excretion of salt and are useful as hydrating fluids.
Hydrating fluids are used to assess the status of the kidneys. The admin-
istration of a hydrating solution at a rate of 8 mL/m? of body surface per
minute for 45 minutes is called a fluid challenge. When urinary flow is
established, it indicates that the kidneys have begun to function; the
hydrating solution may then be replaced with a specific electrolyte solu-
tion. If the urinary flow is not restored after 45 minutes, the rate of infu-
sion should be reduced and monitoring of the patient should continue
without administration of electrolyte additives, especially potassium
(Metheny, 2000). Carbohydrates in hydrating solutions reduce the deple-
tion of nitrogen and liver glycogen and are also useful in rehydrating
cells.

Hydrating solutions are potassium free. Potassium is essential to the
body but can be toxic if the kidneys are not functioning effectively and are
therefore unable to excrete the extra potassium (Kuhn, 1999). See Table
5-2 for types of hydrating fluids.

ADVANTAGES

® Help assess the status of the kidneys before replacement therapy is
started.

® Hydrate patients in dehydrated states.

B Promote diuresis in dehydrated patients.

DISADVANTAGE
B Require cautious administration in edematous patients (e.g.,
patients with cardiac, renal, or liver disease).

@=> NURSING FAST FACT!

Do not give potassium to any patient unless kidney function has been
established. Use hydrating fluid to check kidney function.

Multiple Electrolyte Fluids

A variety of balanced electrolyte fluids are available commercially.
Balanced fluids are available as hypotonic or isotonic maintenance and
replacement solutions. Maintenance fluids approximate normal body
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electrolyte needs; replacement fluids contain one or more electrolytes in
amounts higher than those found in normal body fluids. Balanced fluids
also may contain lactate or acetate (yielding bicarbonate), which helps to
combat acidosis and provide a truly “balanced solution.” See Table 5-2 for
types of multiple electrolyte solution.

@=—> NURSING FAST FACTS!

Multiple electrolyte fluids are recommended for use in patients with
trauma, alimentary tract fluid losses, dehydration, sodium depletion, acidosis,
and burns.

Do not use gastric replacement fluid in patients with hepatic insufficiency
or renal failure.

Many types of multiple electrolyte replacement fluids are available.
Special fluids are available from each manufacturer for gastric replace-
ment, which provide the typical electrolytes lost by vomiting or gastric
suction. These isotonic fluids usually contain ammonium ions, which are
metabolized in the liver to hydrogen ions and urea, replacing hydrogen
ions lost in gastric juices. Lactated Ringer’s injection is considered an iso-
tonic multiple electrolyte solution.

Hypertonic multiple electrolyte solutions are also used as replace-
ment fluids. Usually 5 percent dextrose has been added to them, which
raises the osmolarity of the solution.

Ringer’s Solution and Lactated Ringer’s

The Ringer’s solutions (i.e., Ringer’s injection and lactated Ringer’s injec-
tion) are classified as balanced or isotonic solutions because their fluid
and electrolyte contents are similar to those of plasma. They are used to
replace electrolytes at physiologic levels in the ECF compartment.

RINGER’S SOLUTION (INJECTION)

Ringer’s injection is a fluid and electrolyte replenisher, which is used
rather than 0.9 percent sodium chloride for treating patients with dehy-
dration after reduced water intake or water loss. Ringer’s solution (injec-
tion) is similar to normal saline (i.e., 0.9 percent sodium chloride) with
the substitution of potassium and calcium for some of the sodium ions in
concentrations equal to those in the plasma. Ringer’s injection, however,
is superior to 0.9 percent sodium chloride as a fluid and electrolyte replen-
isher and it is preferred to normal saline for treating patients with dehy-
dration after drastically reduced water intake or water loss (e.g., with
vomiting, diarrhea, or fistula drainage). This solution has some incom-
patibilities with medications, so it is necessary to check drug compatibil-
ity literature for guidelines.
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@=> NURSING FAST FACT!

Ringer’s injection does not contain enough potassium or calcium to be
used as a maintenance fluid or to correct a deficit of these electrolytes.

Ringer’s injection is used for the following:

B Treatment of any type of dehydration

B Restoration of fluid balance before and after surgery

B Replacement of fluids resulting from dehydration, GI losses, and
fistula drainage

Use this solution instead of lactated Ringer’s when the patient has
liver disease and is unable to metabolize lactate.

ADVANTAGES

® Tolerated well in patients who have liver disease.
B May be used as blood replacement for a short period of time.

DISADVANTAGES

B Provides no calories.

B May exacerbate sodium retention, congestive heart failure, and
renal insufficiency.

® Contraindicated in renal failure.

LACTATED RINGER’S SOLUTION

This solution is also called Hartmann'’s solution. Lactated Ringer’s is the

most commonly prescribed solution, with an electrolyte concentration

closely resembling that of the ECF compartment. This solution is com-

monly used to replace fluid loss resulting from burns, bile, and diarrhea.
Lactated Ringer’s is used for the following:

Rehydration in all types of dehydration

B Restoration of fluid volume deficits

B Replacement of fluid lost as a result of burns
B Treatment of mild metabolic acidosis

B Treatment of salicylate overdose

@=> NURSING FAST FACT!

Lactated Ringer’s solution has some incompatibilities with medications, so
it is necessary to check drug compatibility literature for guidelines.

ADVANTAGES

B Contains the bicarbonate precursor to assist in acidosis.
B Most similar to body’s extracellular electrolyte content.
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DISADVANTAGES

® Three liters of lactated Ringer’s solution contains about 390 mEq of
sodium, which can quickly elevate the sodium level in a patient
who does not have a sodium deficit.

B Lactated Ringer’s solution should not be used in patients with
impaired lactate metabolism, such as those with liver disease,
Addison’s disease, severe metabolic acidosis or alkalosis, profound
hypovolemia, or profound shock or cardiac failure.

B In the above conditions, serum lactate levels may already be ele-
vated.

Resuscitation of Trauma Patients by Using Crystalloid Solutions

The controversy over the type and method of fluid to be used in resusci-
tation of the acutely injured patient is well documented. Both crystalloid
and colloid fluids are capable of restoring circulating volume (Jordan,
2000).

Crystalloid fluids used for trauma resuscitation include lactated
Ringer’s solution and 0.9 percent sodium chloride. Crystalloid fluids fill
both the interstitial and intravascular spaces. Advantages of crystalloid
fluid include cost effectiveness, nonallergenic properties, and reduced vis-
cosity, leading to improved microcirculation (American College of
Surgeons Committee, 1998).

@=—> NURSING FAST FACT!

At present isotonic sodium chloride is recommended as the first line fluid
in resuscitation of hypovolemic trauma patients (Revell, Porter, & Greaves, 2002).

Alkalizing and Acidifying Infusion Fluids
ALKALIZING FLUIDS

Metabolic acidosis can occur in clinical situations in which dehydration,
shock, liver disease, starvation, or diabetes causes retention of chlorides,
ketone bodjies, or organic salts or when too large an amount of bicarbon-
ate is lost. Treatment consists of infusion of an alkalizing fluid. Two LV.
fluids are available when there are excessive bicarbonate losses and meta-
bolic acidosis occurs: 1/6 molar isotonic sodium lactate and 5 percent
sodium bicarbonate injection. The lactate ion must be oxidized in the
body to carbon dioxide before it can affect the acid-base balance. Sodium
lactate to bicarbonate requires 1 to 2 hours. Oxygen is needed to increase
bicarbonate concentrations. The isotonic solution sodium bicarbonate
injection provides bicarbonate ions in clinical situations in which there are
excessive bicarbonate losses.
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Alkalizing fluids are used in treating vomiting, starvation, uncon-
trolled diabetes mellitus, acute infections, renal failure, and severe acido-
sis with severe hyperpnea (sodium bicarbonate injection).

The 1/6 molar sodium lactate solution is useful whenever acidosis
has resulted from sodium deficiency; however, it is contraindicated in
patients suffering from lack of oxygen and in those with liver disease.
Patients receiving this fluid should be watched for signs of hypocalcemic
tetany.

@=> NURSING FAST FACT!

Sodium bicarbonate injection is used to relieve dyspnea and hyperpnea;
the bicarbonate ion is released in the form of carbon dioxide through the lungs,
leaving behind an excess of sodium.

Acidifying Fluids

Metabolic alkalosis is a condition associated with an excess of bicarbonate
and deficit of chloride. Isotonic sodium chloride (0.9 percent) provides
conservative treatment of metabolic alkalosis. Ammonium chloride is the
solution used to treat metabolic alkalosis. Acidifying fluids are used for
severe metabolic alkalosis caused by a loss of gastric secretions or pyloric
stenosis.

An advantage is that the ammonium ion is converted by the liver to
hydrogen ion and to ammonia, which is excreted as urea. However, a dis-
advantage is that ammonium chloride must be infused at a slow rate to
enable the liver to metabolize the ammonium ion. In fact, rapid infusion
can result in toxicity, causing irregular breathing and bradycardia.

@=)> NURSING FAST FACT!

Ammonium chloride must be used with caution in patients with severe
hepatic disease or renal failure and is contraindicated in any condition in which a
high ammonium level is present.

Potassium Chloride Solutions

Several premixed solutions of potassium chloride (KCl) are available from
the manufacturer. Potassium 20 or 40 mEq is added to 5 percent dextrose
in water or 5 percent dextrose and 0.45 percent sodium chloride. Follow
special nursing considerations in administration of I.V. potassium chlo-
ride. Chapter 4 provides more information about potassium chloride,
including the critical guidelines for the administration of potassium chlo-
ride fluids.
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@=> NURSING FAST FACT!

As packaged from the manufacturer, potassium has a clear red label to
distinguish it from I.V. solutions without addlitives.

Colloid Solutions

Patients with fluid and electrolyte disturbances occasionally require treat-
ment with colloids. Colloid solutions contain protein or starch molecules
that remain distributed in the extracellular space and do not form a “true”
solution. When colloid molecules are administered, they remain in the
vascular space for several days in patients with normal capillary endothe-
lia. These fluids increase the osmotic pressure within the plasma space,
drawing fluid to increase intravascular volume.

Colloid solutions do not dissolve and do not flow freely between fluid
compartments. Infusion of a colloid solution increases intravascular col-
loid osmotic pressure (pressure of plasma proteins).

Dextran

Dextran fluids are polysaccharides that behave as colloids. They are avail-
able as low molecular weight dextran (dextran 40) and high molecular
weight dextran (dextran 70). Dextran 70 is more effective than dextran 40
as a substitute for plasma expansion. It is important to monitor the
patient’s pulse, blood pressure, and urine output every 5 to 15 minutes for
the first hour of administration of dextran and then every hour after that.
Dextran should be administered at a rate of 20 mL/kg of body weight
over 24 hours to prevent hypersensitivity reactions and decrease the risk
of bleeding (Phillips & Kuhn, 1999).

Dextran fluids are used for plasma substitution or expansion. An
advantage of dextran use is that the intravascular space is expanded in
excess of the volume infused. Disadvantages are the possibility of hyper-
sensitivity reactions (i.e., anaphylaxis) and an increased risk of bleeding.

@=> NURSING FAST FACT!

Dextran is contraindicated in patients with severe bleeding disorders, con-
gestive heart failure, and renal failure. It is important to draw blood for typing
and cross-matching before administering dextran.

Albumin

Albumin is a natural plasma protein prepared from donor plasma. This
colloid is available as a 5 or a 25 percent solution. Five percent albumin is
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osmotically and oncotically equivalent to plasma. The 25 percent solution
is equivalent to 500 mL of plasma or two units of whole blood (Phillips &
Kuhn, 1999).

Albumin is used for maintenance of blood volume, emergency treat-
ment of shock caused by acute blood loss, hypovolemic shock caused by
plasma rather than whole blood loss, hypoproteinemic conditions, and
treatment of erythroblastosis fetalis (25 percent solution).

B These products are subject to an extended heating period during
preparation and therefore do not transmit viral disease.

DISADVANTAGES

B May precipitate allergic reactions (e.g., urticaria, flushing, chills,
fever, or headache).

B May cause circulatory overload (greatest risk with 25 percent
albumin).

B May cause pulmonary edema.

B May alter laboratory findings.

Mannitol

Mannitol is a sugar alcohol substance that is available in concentrations
from 5 to 25 percent. It is used to promote diuresis in patients with olig-
uric acute renal failure, to promote excretion of toxic substances in the
body, to reduce excess cerebrospinal fluid (CSF), to reduce intraocular
pressure, and to treat intracranial pressure and cerebral edema.

ADVANTAGE
B May reduce excess CSF within 15 minutes.
DISADVANTAGES

® May cause fluid and electrolyte imbalances.

B May cause cell dehydration or fluid overload by drawing fluid
from cells into the vascular system.

B Requires cautious use for patients with impaired cardiac or renal
system (Hankins & Hedrick, 2001).

Hetastarch

Hetastarch (hydroxyethyl glucose) is a synthetic colloid made from
starch. It is available under the name Hespan as a 6 or 10 percent solution,
diluted in isotonic sodium chloride in a 500-mL container. These starches
are not derived from donor plasma and are therefore less toxic and less
expensive. Hetastarch is equal in plasma volume expansion properties to
5 percent human albumin.

ADVANTAGE

B Hetastarch does not interfere with blood typing and cross-
matching, as do other colloidal solutions.
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DISADVANTAGE

B Possibility of allergic reaction

Hetastarch may alter the coagulation mechanism (i.e., with transient
prolongation of the prothrombin, partial thromboplastin, and clotting
times). Thus, this solution is contraindicated in patients with severe
bleeding disorders, severe congestive heart failure, and anuric renal fail-
ure (Terry & Hedrick, 1995).

@=> NURSING FAST FACT!

Use hetastarch cautiously in patients whose conditions predispose them
to fluid retention.

Table 5-3 presents a summary of common LV. fluids.

> Table 5-3 QUICK-GLANCE CHART OF COMMON I.V. FLUIDS

Solutions Indications Precautions

Dextrose Solutions

5% Dextrose Spares body protein. Possible compromise of glucose toler-

10% Dextrose Provides nutrition. ance by stress, sepsis, hepatic and

20% Dextrose Provides calories. renal failure, corticosteroids, and

50% Dextrose Provides free water. diuretics

70% Dextrose Acts as a diluent for LV. Does not provide any electrolytes.

drugs. May cause vein irritation, water intoxi-

Treats dehydration. cation, and possible agglomeration.
Treats hyperkalemia. Use cautiously in the early postopera-

tive period to prevent water intoxi-
cation; ADH secretions as a stress
response to surgery

Hypertonic fluids may cause hyper-
glycemia, osmotic diuresis, hyperos-
molar coma, or hyperinsulinism.

Sodium Chloride (NaCl) Solutions

0.2% NaCl Replaces ECF and electrolytes. Hyponatremia (excessive use of 0.25%
0.45% NaCl Replaces sodium and or 0.45% NaCl); calorie depletion;
0.9% NaCl chloride. hypernatremia or hyperchloremia;
3% NaCl Treats hyperosmolar diabetes. circulatory overload; deficit of other
5% NaCl Acts as diluent for I.V. drug electrolytes
administration. Can induce hyperchloremic acidosis
Used for initiation and dis- because of a loss of bicarbonate ions.
continuation of blood Does not provide free water or
products. calories.

Replaces severe sodium and ~ Use with caution in older adults.
chloride deficit.

Helps to correct water
overload.

Acts as an irrigant for

intravascular devices. (Continued on following page)
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Precautions

Combination Dextrose and Sodium Chloride Solutions

5% Dextrose/
0.2% NaCl
(hydration
solution)

5% Dextrose/
0.45% NaCl
(hydration
solution)

5% Dextrose/
0.9% NaCl

Assesses kidney function.

Hydrates cells.

Promotes diuresis.

For temporary treatment of
circulatory insufficiency
hydrating fluids.

Replaces nutrients and
electrolytes.

Supplies some calories.

Reduces nitrogen depletion.

Used in place of plasma
expanders.

Use with caution in patients with
edema and those with cardiac, renal,
or liver disease.

Do not use in patients in diabetic
coma.

Do not use in patients who are allergic
to corn.

Multiple Electrolyte Solutions

A. Maintenance
solutions
Plasma-Lyte M
(Baxter) (an
electrolyte
solution and
5% dextrose)
B. Replacement
solutions
Plasma-Lyte R
(Baxter)
injection
Plasma-Lyte 148

and 5% dextrose

5% Dextrose in
Ringer’s
injection

5% Dextrose and
lactated
Ringer’s
solutions

Provide free water, calories,
and electrolytes.

Provides routine maintenance

Relieves physiologic stress
leading to inappropriate
release or ADH.

Provide calories and
electrolytes.

Provides fluid and electrolyte
replacement.

Provides calories.

Spares protein.

Replaces ECF losses and
electrolytes.

Treats mild metabolic
acidosis.

Replaces fluid losses from
burns and trauma.

Replaces fluid losses from
alimentary tract.

Rehydrates in all types of
dehydration.

Water intoxication
May cause increased potassium levels.

Hypernatremia
Fluid overload

Contraindicated in patients with renal
failure

Use with caution in patients with con-
gestive heart failure

Composition similar to plasma

Tolerated well in patients with liver
disease

Contraindicated in patients with lactic
acidosis

Circulatory overload

May cause metabolic acidosis.

Ionic composition similar to plasma

Contains bicarbonate precursor

Specialty Fluids

A. Alkalizing

Sodium
bicarbonate

1/6 Molar
sodium lactate

Treats metabolic acidosis.

Relieves dyspnea and
hyperpnea.

Corrects metabolic acidosis.

Reduces severe hyperkalemia.

Treats uncontrolled diabetes
mellitus, acute infections,
and renal failure.

1/6 Molar contraindicated in patients
suffering from the lack of oxygen or
in those with liver disease, hypocal-
cemia (tetany), or hypernatremia

(Continued on following page)



Copyright © 2005 F.A. Davis Company

190 ™yt 2 > Basic Infusion Practice

> Table 5-3 QUICK-GLANCE CHART OF COMMON I.V. FLUIDS
(Continued)
Solutions Indications Precautions
B. Plasma
expanders
Dextran 70 Provides plasma expansion. Hypersensitivity reactions
(6%) and Treats perioperative shock. Increased risk of bleeding
0.9% NaCl Counteracts shock or antici- Preexisting hypervolemic conditions
Dextran 40 pated shock related to should be considered (e.g., renal or
(10%) and trauma, surgery, burns, or cardiac disease)
0.9% NaCl hemorrhage. Do not add any medications to dextran
Prevents venous thrombosis solutions.
and pulmonary embolism
during surgery.
10% Mannitol Reduces intraocular pressure. Hypervolemia
20% Mannitol Decreases intracranial pres- Extravasation
sure, reducing cerebral Skin irritation
edema. Tissue necrosis
Promotes diuresis and excre-  Interferes with laboratory testing
tion of toxic substances. Preexisting conditions should be con-
Increases granulocyte yield sidered with caution owing to possi-
during leukapheresis. ble crystal formation.
5% Albumin Restores circulatory Allergic reactions
25% Albumin dynamics. Circulatory overload
Counteracts shock or impend-  Alteration of laboratory tests
ing shock caused by hypo-  Extensive heating period during
volemia. preparation prevents transmission of
Provides protein (for viral disease.
hypoproteinemia).

6% Hetastarch
in 0.9% NaCl

10% Hetastarch
in 0.9% NaCl

Treats hyperbilirubinemia and
erythroblastosis fetalis.

Provides fluid replacement.

Restores circulatory
dynamics.

Provides volume expansion.

May alter coagulation mechanism.

Allergic reactions

Hypervolemia

Do not use with severe bleeding
disorder.

Does not interfere with blood typing
and cross-matching.

NURSING PLAN OF CARE
ADMINISTRATION OF PARENTERAL FLUIDS

Focus Assessment
Subjective

® History of present illness of fluid loss

Objective

B Observe ability to ingest and retain fluids.
® Vital signs

(Continued on following page)
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B Weight

B Assess symptoms of fluid disturbance.

B Assess for complications associated with infusion therapy
(phlebitis, erratic flow rates, infiltration).

Patient Outcome/Evaluation Criteria
Patient will:

B Demonstrate improved fluid balance as evidenced by urine output
of 30 mL/h with normal specific gravity, stable vital signs, moist
mucous membranes, good skin turgor, and capillary refill of less
than 3 seconds.

B Verbalize understanding of condition and treatment.

B Report to the nurse any complications related to the parenteral
infusion (i.e., redness, swelling, or pain at the infusion site; sharp
pains running up the arm at the L.V. site; dizziness or headache).

Nursing Diagnoses

B Anxiety (mild, moderate, severe) related to threat to or change in
health status; misconceptions regarding therapy

B Altered nutrition less than body requirements related to inability
to ingest or digest food or absorb nutrients; inadequate nutrient
replacement

B Decreased cardiac output related to reaction to parenteral solution,
contamination

® Fluid volume excess related to infusion of LV. fluid

B Knowledge deficit related to new procedure and maintaining L.V.
therapy

B Fluid volume deficit related to deviations affecting intake and
absorption of fluids; factors influencing fluid needs (e.g., hyper-
metabolism state)

B Impaired tissue integrity related to irritating fluids

® Risk for infection related to broken skin or traumatized tissue

B Risk for altered tissue perfusion: cerebral-renal related to fluid vol-
ume imbalance.

B Risk for sleep pattern disturbance related to external sensory stim-
uli (e.g., LV. fluid and tubing)

Nursing Management
1. Administer L.V. fluids at room temperature.
2. Administer I.V. medications at prescribed rate and monitor for
results.
3. Use open containers immediately.
4. Monitor L.V. site during infusion.
5. Monitor for
a. signs and symptoms of fluid overload
b. urine output and specific gravity
c. trending of pertinent laboratory values (electrolytes, PT, PTT,
serum amylase)
(Continued on following page)
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NURSING PLAN OF CARE
ADMINISTRATION OF PARENTERAL
FLUIDS (Continued)

6. Monitor for L.V. patency before administering I.V. medications.
7. Replace LV. cannula and apparatus every 48 to 72 hours.
8. Replace fluid containers at least every 24 hours.
9. Flush I.V. lines between administration of incompatible solutions
with sodium chloride
10. Record intake and output.
11. Provide information outlining current L.V. therapy.
12. Maintain standard precautions.

. Patient Education

Instruct on reason for therapy (e.g., replacement fluid, vitamins, nutrition, vol-
ume replacement).

Instruct to report signs and symptoms of complications (e.g., burning at
infusion site, redness, any discomfort).

Explain need for increased oral intake if appropriate.

Teach patient how to follow sodium and fluid restriction if appropriate.

Teach patient to weigh self daily.

Review signs and symptoms of dehydration and overhydration with
patient.

Teach patient to change positions slowly if any dizziness or lightheaded-
ness occurs.

Teach to report to the nurse any pain, swelling, leaking, redness, or har-
ness at the L.V. site.

Most infusion therapies in the home are used for delivery of specific treat-
ment such as antibiotics, chemotherapy, total parenteral nutrition, growth hor-
mones, blood products, and hydration therapy.

[ ]
"B Home Care Issues

Home care for hydration therapy is used for dehydration and fluid and elec-
trolyte imbalance resulting from:

B Cardiopulmonary disorders

® Fistulas

B Hyperemesis gravidarum

B Intractable diarrhea

(Continued on following page)
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B Chemotherapy (before and after)

B Radiation enteritis

B Short bowel syndrome

B Short-term therapy lasts from 1 to 7 days and is usually administered
via a peripheral lock or long-term access device.

B Educate patients about the need for therapy, aseptic technique, setup
and administration of specific solution, and possible complications.

Key Poir
Parenteral Solutions

B Three main objectives of L.V. therapy are to:

m Maintain daily requirements

m Replace previous losses

m Restore concurrent losses

B Solutions have an osmolarity of hypotonic, isotonic, or hypertonic:

m Hypotonic is 250 mOsm/L or below.

m [sotonic ranges from 250 to 375 mOsm/L.

m Hypertonic is above 375 mOsm/L.

B Give hypertonic solutions slowly to prevent circulatory overload.

B As the acidity of the solution increases, irritation to the vein wall
increases.

® Do not play “catch-up” with L.V. solutions that are behind schedule;
recalculate the infusion.

B Always check compatibility before adding medication to dextrose solu-
tions.

® Do not give potassium solutions to any patient unless kidney function
has been established.

B Infusates are categorized as:

m Crystalloids: Solutions that are considered true solutions and whose
solutes, when placed in a solvent, mix, dissolve, and cannot be dis-
tinguished from the resultant solutions. Crystalloids are able to move
through membranes. Examples are dextrose and sodium chloride
solutions and lactated Ringer’s solution.

m Colloids: Substances whose particles, when submerged in a solvent,
cannot form a true solution because their molecules cannot dissolve,
but remain suspended and distributed in the fluid. Examples are dex-
tran, albumin, mannitol, blood products, and hetastarch.

Em Critical Thinking: Case Study

Over a 16-hour period of time, a 6-year-old child was inadvertently given
800 mL of 3 percent sodium chloride solution instead of the prescribed 0.45
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percent sodium chloride. She developed lethargy, convulsions, and coma
before the error was discovered. Despite resuscitative efforts the child died.
Identify the mEq of each electrolyte in the L.V. solutions.
Identify the tonicity of each of the electrolyte solutions.
Refer to Chapter 1 on legal aspects for factors involved in malpractice.
What types of safeguards should be in place for the pediatric patient
receiving I.V. fluids?

Media Link: The answers to this case study, along with more critical
thinking scenarios, are on the enclosed CD-ROM

Post-Test

1. Match the term in column I with the definition in column II.
Column I Column II

Crystalloid a. Substance that does not dissolve
and does not pass through a semi-
permeable membrane

_ Hydrating solution  b. Ability to restore equilibrium

Homeostasis c. Solution of water, carbohydrate,
and sodium chloride used to
check kidney function

Colloid d. Breakdown of chemical com-
pounds by the body’s energy, pro-
ducing metabolic process

Catabolism e. A substance that forms a true

solution

2. The three objectives of L.V. therapy are:
a. Maintenance, peristaltic, and replacement therapy
b. Replacement, expansion, and restoration therapy
c. Maintenance, replacement, and restoration therapy
d. Restoration, hydration, and dehydration therapy

3. The functions of glucose in parenteral therapy include all of the
following EXCEPT:

a. Provides calories for energy.
b. Helps to prevent negative nitrogen balance.
c. Reduces catabolism of protein.
d. Serves as vehicle for blood transfusions.
4. Maintenance solutions are used for patients who are:
a. Ingesting nothing by mouth for a short period of time

b. Experiencing hemorrhage
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c. Dehydrated from GI losses

d. Experiencing draining fistulas

. What is the most commonly used multiple electrolyte solution?

a. 5 Percent dextrose in water

b. 0.9 Percent sodium chloride

c. Lactated Ringer’s solution

d. 5 Percent dextrose and sodium chloride

. What is the most common complication of dextran administra-

tion?

a. Fluid overload

b. Hypersensitivity reactions
c. Hyponatremia

d. Hyperkalemia

. What is the purpose of a colloid solution?

a. To expand the interstitial compartment

b. To replace electrolytes

c. To expand the intravascular compartment
d. To correct acidosis

. Dextrose and hypotonic sodium chloride solutions are considered

hydrating fluids because:

a. They provide more water than is required for excretion of
sodium.

b. The water they provide equals that needed for excretion of
sodium.

c. They maximize retention of potassium in the cell.
d. They maximize the retention of sodium.

. The expected outcome of administering a hypertonic solution is

to:

a. Shift ECF from intracellular space to plasma

b. Hydrate cells

c. Supply free water to vascular space

Which of the following solutions are used to prime the adminis-
tration set when blood is to be administered?

a. 5 Percent dextrose in water

b. Lactated Ringer’s

c. 0.9 Percent sodium chloride

d. 5 Percent dextrose and 0.45 percent sodium chloride
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Media Link: Additional practice questions are located on the enclosed
CD-ROM.
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Chapter 6

Equipment

All rituals and ceremonials which our modern worship of efficiency may devise,
and all our elaborate scientific equipment will not save us if the intellectual and
spiritual elements in our art are subordinated to the mechanical, and if the
means come to be regarded as more important than ends.

—lsabel M. Stewart, 1929
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Additional Electronic Infusion = Home Care Issues

Device Enhancements Key Points
Nursing Plan of Care: Patients Critical Thinking: Case Study
Receiving Peripheral I1.V. Post-Test
Therapy References

Patient Education

Answers to Chapter 6 Post-Test

B LEARNING Upon completion of this chapter, the reader will be able to:

OBJECTIVES 1.
28

B

Define the terminology related to I.V. equipment.

Identify the types and characteristics of three
infusate containers.

Identify the use of vented and nonvented adminis-
tration sets with the appropriate solution
containers.

Identify the types and characteristics of peripheral
and central infusion devices.

State the major advantages and disadvantages
associated with over-the-needle catheters and
scalp vein needles.

Identify the characteristics and uses of electronic
infusion devices.

Describe the use of filters in the infusion of
solutions and blood products.

Describe the use of miscellaneous adjuncts to aid
in the administration of safe infusions.

Identify the Infusion Nurses Society (INS) and the
Centers for Disease Control and Prevention (CDC)
recommendations for standards of practice related
to equipment safety and use.

<4 GLOSSARY

Cannula A tube or sheath used for infusing fluids
Check valve A device that functions to prevent retrograde solution
flow; also called a backcheck valve
Coring Visible, as well as microscopic, particles of rubber bung dis-
placed by the spike during piercing of the glass container or needle
during access of implanted vascular access devices
Drip chamber Area of the LV. tubing usually found under the spike
where the solution drips and collects before running through the I.V.

tubing

Drop factor The number of drops needed to deliver 1 mL of fluid
Filter A special porous device used to prevent the passage of undesired

substances
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Gauge Size of cannula opening

Hub Female connection point of an L.V. cannula where the tubing or
other equipment attaches

Implanted port A catheter surgically placed into a vessel or body cavity
and attached to a reservoir; the reservoir is placed under the skin

Infusate L.V.solution

Lumen The space within an artery, vein, or catheter

Macrodrip Drop factor of 10 to 20 drops equivalent to 1 mL based on
manufacturer’s specifications

Microaggregate Microscopic collection of particles, such as platelets,
leukocytes, and fibrin that can exist in stored blood

Microdrip Drop factor of 60 drops/mL

Midclavicular catheter Long (20 to 24 in) L.V. access device made of a
soft flexible material inserted into one of the superficial veins of the
peripheral vascular system and advanced to proximal axillary or sub-
clavian veins

Midline Peripherally inserted catheter with the tip terminating in the
proximal portion of the extremity, usually 6 inches in length

Patient-controlled analgesia (PCA) A drug administration system that
allows the patient to self-administer and regulate delivery of medica-
tion for pain control on an as-needed basis

Peripherally inserted central catheter (PICC) Long (20 to 24 in) LV.
access device made of a soft flexible material inserted into one of the
superficial veins of the peripheral vascular system and advanced to
the superior vena cava

Port Point of entry

PRN (pro rena’ta) According to circumstances. Used to describe devices
used for intermittent infusions

Psi Pounds per square inch; a measurement of pressure: 1 psi equals 50
mm Hg or 68 cm H,0O

Radiopaque Material used in I.V. catheter that can be identified by radi-
ographic examination

Rubber bung Stopper of glass container composed of numerous sub-
stances including rubber, chemical particles, and cellulose fibers

Stylet Needle or guide that is found inside a catheter used for vein
penetration

Tunneled catheter A catheter designed to have a portion lie within a
subcutaneous passage before exiting the body

% Infusion Therapy Equipment

The nurse’s role in infusion therapy equipment use includes the decision-
making process of equipment acquisition; knowledge of operation of
equipment to ensure safe, effective delivery of infusion therapy; and
financial accountability. There is a relationship between the industry that
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manufacturers the equipment, health care providers, and the patient that
is collaborative and mutually dependent (Perucca, 2001).

The public holds industry, medical institutions, and professionals
accountable for the safe and effective delivery of health care. Medical
products and equipment are the collaborative responsibility of industry
and medical professionals.

% Infusion Delivery Systems

Two infusion systems are available for delivery of I.V. fluids: the glass sys-
tem and the plastic system (Fig. 6-1). Sterile evacuated glass containers
became available in 1929. The rigid glass containers are composed of a

» Plastic
Glass Systems System

IR

Nonvented — Nonvented

set

Macro Vented set

Y port— drip

Y port — &
Volume —| =
control =
chamber =
Y port =
— Filter — Micro
drip
Y port

Figure 6-1 m Comparison of glass and plastic infusion delivery systems.
(Drawings by Timothy D. Mitas.)
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standard mix of materials, glass, metal, and rubber. The combination of
materials is a disadvantage because of incompatibilities with fluids and
additives and the breakdown of the materials during heat sterilization. In
1950, plastic containers became accessible for the storage and delivery of
blood products. Today, the plastic system is used 90 to 95 percent of the
time for administering solutions and blood products.

The Glass System

Two types of glass systems are available: one is the closed glass system
and another is the open glass system. Both glass systems have partial vac-
uum and require air vents. In the open-glass system, air enters through a
plastic tube in the container and collects in the air space in the bottle,
allowing for displacement of the solution. In the closed-glass system, air
is filtered into the container via vented tubing. The closed-glass system
must use vented tubing to allow air into the container. Although plastic
containers are used in most situations, the glass system remains the con-
tainer of choice for infusates that cannot adapt to plastic bags because of
incompatibilities with the chemical or properties of plastic.

@=)> NURSING FAST FACT!

In the open-glass system, the straw must extend above the fluid level to
prevent bubbling of the air through the solution. Bubbling increases the risk of
contamination.

The closed glass system has a stopper, also called the rubber bung.
During insertion of the administration set, coring can occur, which results
in the introduction of fragments of the rubber core into the solution.
Twisting the spike through the rubber bung can displace visible and
microscopic particles of the rubber bung. Because of the combination of
materials in the glass system, some disadvantages have been experienced
when using this system during heat sterilization procedures.

Checking the Glass System for Clarity

To ensure safety in the administration of solutions, the nurse must check
the solution’s clarity and expiration date before connecting it to the
administration set. To check the glass system, hold the glass bottle up to
the light and check for flashes of light, floating particles, or discoloration.
The glass system should be crystal clear; if it is not, mark the container as
contaminated and return it to the central supply station. Check the expi-
ration date on the label.
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ADVANTAGES

® Crystal clear; allows good visualization of contents
B Graduations on glass easy to read.
B Inert; has no plasticizers

DISADVANTAGES

® Breakage and shattering of glass

B Storage problems

B Coring (because of the rubber bung)

B Cumbersome disposal

B Rigidity

® Container constructed of mixed materials

The Plastic System

Most LV. fluids are packaged in plastic containers that are flexible or semi-
rigid (Fig. 6-2). The flexible plastic container has several unique features.
The entire structure that comes in contact with the fluid, including the clo-
sure, is made of the same material; it is all polyvinyl chloride (PVC) or
other suitable material. There is no combination of metal, rubber, or glass
as in the rigid glass system. The plastic system is a truly closed system.
Plastic containers are commonly made of PVC, which is a polymeric
material. The plasticizer diethylhexylphthalate (DEHP) is added to plas-
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Figure 6-2 m Plastic infusion system. L.V. solutions are available in both (A)
a flexible plastic container and (B) a more rigid type of container. (Courtesy of
D. Anderson, Chico, CA.)
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tic to make it pliable, but it is not chemically bonded to the vinyl and can
leach out into the solution (Kaplan, 1999). The introduction of PVC plas-
tic solution containers has been accompanied by concerns of compatibil-
ity, specifically with the DEHP. Many manufacturers are providing
non-DEHP PVC fluid containers. Refer to Table 6-1 for more information
on DEHP and to Table 6-2 for a list of manufacturers of non-DEHP solu-
tion containers.

The plastic system does not contain a vacuum; therefore, the con-
tainers must be flexible and collapsible. The plastic system does not need
air to replace fluid flowing from the container. Either a vented or a non-
vented administration set is acceptable for delivery of the infusate. A
membrane seals both the medication and the administration ports of
the container, and entry of air into this system is prevented. Because
there is no rubber bung on the plastic system, spiking the system can be
accomplished by means of a simple twisting motion (Fig. 6-3). Because
the plastic can be easily perforated during use, careful attention should be
paid to the integrity of this container during preparation and infusion
delivery.

> Table 6-1 CONCERNS OVER PVC AND DEHP

Polyvinyl chloride (PVC) is a commonly used plastic found in many consumer, industrial,
and medical products. A phthalate (DEHP) is a plasticizer that is added to PVC that
allows PVC to become flexible. In 1972, potential hazards of transfusing blood that con-
tained DEHP derived from blood bags and tubing were identified. In 1986, California
Proposition 65 listed DEHP as a chemical that is known to cause cancer. In 1988, the
Environmental Protection Agency (EPA) identified DEHP as a probable human
carcinogen.

When incinerated, PVC releases hydrogen chloride gas (identified as a toxic air pollutant
and cause of acid rain) and possible dioxin. When PVC products are incinerated, they
produce HCI, a corrosive gas that has been identified as a toxic air pollutant. PVC mate-
rials are also not biodegradable, and DEHP may leach into the soil.

There are two reasons why the use of PVC L.V. containers is contraindicated in many I.V.
therapies:

1. Absorption
2. Leaching

DEHP is not chemically bound to the polymer and can leach out during use. This extrac-
tion occurs either by DEHP’s directly leaching out of the PVC product or when an
extracting material (blood or L.V. fluids) diffuses into the PVC matrix, dissolves the plas-
ticizer, and then the two diffuse out together. The most important factors in DEHP’s
leaching from medical devices are temperature, concentration of the phthalate, agitation,
storage time, and surrounding media. DEHP is leached from PVC blood bags, I.V. bags,
and tubing into blood, blood products, and medical solutions (HealthCare Without
Harm, 1999). Certain drugs (e.g., Taxol, cyclosporine, diazepam, miconazole, nitroglycer-
ine, warfarin, sodium carmustin), fat emulsions, and blood products enhance the leach-
ing of DEHP (B. Braun, 1999).

HealthCare Without Harm (www.noharm.org/DEHP) initiated a collaborative international
campaign advocating environmentally responsible health care. In the 1980s, L.V. solu-
tions were provided by B. Braun in non-PVC bags. (Health Care without Harm, 1999).
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Figure 6-3 m Spiking the plastic container. (A) To spike the plastic container,
insert the piercing pin of the L.V. tubing into the outlet port of the infusion bag
using a twisting motion to ensure that the seal is pierced completely open. (B)
Invert the container and squeeze the drip chamber to fill.

Never write directly on a flexible plastic bag with a ballpoint or
indelible marker; the pen may puncture the bag and the marker ink may
absorb into the plastic.

The advantages of the semirigid, hard plastic unit are that it is made
of polyolefin, contains no plasticizers, and the fluid level marks are easier
to read. This system is also impermeable to moisture. Semirigid contain-
ers must be vented to add air to the infusion system.

The flexible and semirigid plastic systems, when used in a series with
other similar containers, may promote movement of residual air into the
LV. line.

ADVANTAGES

B Closed system

B Flexible

B Lightweight

® Container composed of one substance
B Better storage

DISADVANTAGES

B Punctures easily

B Fluid level difficult to determine

B Composed of plasticizers

B Not completely inert (potential for leaching)
® Environmentally unsafe
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Checking the Plastic System for Clarity

The plastic container should be held up to the light and checked for clar-
ity. If the plastic system is not crystal clear, any discoloration or floating
particles in the solution should be identified and labeled as contaminants.
The plastic system must be squeezed to check for pinholes. Check the
expiration date on the label to ensure patient safety and be sure the outer
wrap of the plastic system is free of pooled solution.

Use-Activated Containers

Use-activated containers (Fig. 6-4) are compartmentalized with premea-
sured ingredients that form an admixture when mixed. The containers are

Figure 6-4 m Use-activated system. This Abbott ADD-Vantage system
allows drugs to be reconstituted quickly and safely in an appropriate amount
of diluent immediately before use. (Courtesy of Abbott Laboratories, North
Chicago, IL. Used with permission.)
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useful for high-use infusions that have a short shelf life after admixture.
These systems are useful in the emergency department because they
enable ease of use in acute situations (such as in an ambulance), in field
use, and during transport. The ambulatory and home care settings also
benefit from use-activated systems. These systems are more expensive,
however.

To activate the container, the nurse deliberately ruptures the con-
tainer’s seal or diaphragm by compressing opposing parts or applying
pressure to rupture the internal reservoir. The primary disadvantage of
the system occurs when this step is not completed appropriately.

@==> NURSING FAST FACT!

A concern with use-activated containers is the belated rupture of the
medication reservoir with a potentially harmful concentration of drug being
administered (Peucca, 2001).

& Administration Sets

The most frequently used administration sets include:

B Single-line sets, which include primary (standard) sets, secondary
sets (also called “piggyback” sets), and volume-controlled (also
called metered-volume) sets

B Primary Y sets

B Administration sets, which vary among manufacturers and drop
factor, all have the basic components (Fig. 6-5).

Basic Components of Administration Sets

The basic components of administration sets include:

1. Spike/piercing pin: The spike/piercing pin is a sharply tipped plas-
tic tube designed to be inserted into the infusate container. It is
connected to the flange, drop orifice, and drip chamber.

2. Flange: The flange is a plastic guard that helps prevent touch con-
tamination during insertion of the spike.

3. Drop orifice: The drop orifice is an opening that determines the
size and shape of the fluid drop. The size of this drop orifice
determines the drop factor.

4. Drip chamber: The drip chamber is a pliable, enlarged clear plastic
tube that contains the drop orifice. It is connected to the tubing.

5. Tubing: The plastic tubing connects to the drip chamber.
Depending on the manufacturer, the tubing may have a variety of
clamps, ports, connectors, or filters built into the system. The
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Figure 6-5 m Basic administration system.

average length of primary tubing is 66 to 100 inches. The length
of secondary administration sets averages from 32 to 42 inches.

. Clamp: The flow clamp control device operates on the principle of

compression of the tubing wall. Each manufacturer supplies a
clamp (roller, screw, or slide), and all operate on the principle of
compression. The roller and screw clamps are equally reliable.
The slide clamp is viewed as less reliable in controlling flow.

. Injection ports: Injection ports serve as an access into the tubing

and are located at various points along the administration set.
Usually the ports are used for administration of medication.
Small (21- to 25-gauge) needles should be used to access these
ports to ensure resealing.

. Backcheck valve: The valve allows the primary solution to resume

after the piggyback is completed.
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9. Hub: The adaptor to connect the administration set to the LV.
catheter or a needleless system is also called the male Luer-
Lok.

10. Final filter: The final filter removes foreign particles from the
infusate. It can be purchased as part of the administration set tub-
ing, or filters can be added on.

Single-Line Administration Sets

Single-line sets have only one spike that extends proximally from the drip
chamber. Only one main bag of infusate is used with this system. The tub-
ing distal to the drip chamber terminates in one male-adapter end that
connects to the hub of a vascular access device.

Primary Sets

Primary sets are referred to as standard sets and are available as vented
or nonvented. Vented sets have an air filter attached to the spike pin that
allows air to enter the container. Vented sets must be used on the closed-
glass system. Nonvented sets have a straight spike pin without an air vent
device. Nonvented sets can be used on any open-glass or plastic system.
Primary sets are available in macrodrip form (10 to 20 drops/mL) or in
microdrip form (60 drops/mL). Primary sets can have one, two, or three
access ports, and often have inline filters with backcheck valves (Schiff,
2001). The calibration is clearly specified on the box of each administra-
tion set, as well as in the accompanying literature. The microdrip set, also
called a minidrip or pediatric set, is used when small amounts of fluid are
required (Fig. 6-6).

A check valve (also called backcheck valve) is a device that functions
to prevent retrograde flow of the solution. Check valves are inline com-
ponents of many primary administration sets. The check valve is an
important feature when secondary L.V. lines are in place for intermittent
infusions. The check valve inhibits the backflow of secondary infusate
into the primary infusate.

Check valves function when the:

B Primary infusate is infusing at the prescribed rate by gravity.

® Secondary infusate, of a lesser volume, is piggybacked into the pri-
mary line.

B Level of the secondary infusate is higher than the primary con-
tainer.

B Clamp on the tubing of the secondary container is opened, activat-
ing the backcheck valve because of the pressure exerted by the pig-
gyback solution.

B Secondary infusate container empties and its fluid descends into its
tubing; the decreased pressure in the line causes the backcheck
valve to release, thus activating flow in the primary line (Fig. 6-7).
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Image/Text rights unavailable

Figure 6-6 m Primary administration set package. (Courtesy of Abbott
Laboratories, Hospital Products Division, North Chicago, IL.)



Copyright © 2005 F.A. Davis Company

210 ™ ynir 2 > Basic Infusion Practice

Piggyback Piggyback

Primary

Primary
infusion
container

infusion
container

Check LI Check LI
valve S

Figure 6-7 m Check valve (also called backcheck valve) acts to prevent retro-
grade solution flow.

P INS Standard. Primary and secondary continuous administra-
tion sets shall be changed every 72 hours and immediately on sus-
pected contamination or when the integrity of the product or system
has been compromised. (INS, 2000, 54)

An organization that exhibits an increased rate of catheter-related
bloodstream infection with the practice of 72-hour administration
set changes should return to a 48-hour administration set change.
(INS, 2000, 24)

Secondary Administration Sets

Two types of secondary administration sets are available: the piggyback
set and the volume-controlled set.
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PicGyBACK SET

The piggyback set has short tubing (30 to 36 inches) with a standard drop
factor of 10 to 20 drops/mL. It is used to deliver 50 to 100 mL of infusate.
These sets are widely used because of the administration of multiple drug
therapies to patients. They are connected with a needleless adapter into
an injection port immediately distal to the backcheck valve of the pri-
mary tubing (Josephson, 1999). In setting up the piggyback set, the pri-
mary infusion container is positioned lower than the secondary container,
using the extension hook provided in the secondary line box.

VOLUME-CONTROLLED SET

The volume-controlled set, also called a metered-volume chamber set, is
designed for intermittent administration of measured volumes of fluid
with a calibrated chamber. These sets are calibrated in much smaller incre-
ments than other infusion devices, thus limiting the amount of solution
available to the patient (usually for reasons of safety). Most chambers
hold 100 to 150 mL of solution, but neonatal chambers may hold only 10
to 50 mL. The volume-controlled set is most frequently used for pediatric
patients and critically ill patients when small, well-controlled delivery of
medication or solution is needed (Fig. 6-8).

Figure 6-8 m Volume chamber control set for intermittent infusion.
(Courtesy of D. Anderson, Chico, CA.)
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P INS Standard. Primary intermittent administration sets shall be
changed every 24 hours and immediately upon suspected contami-

nation or when the integrity of the product or system has been com-
promised. (INS, 2000, 54)

Primary Y Administration Sets

The primary Y administration set is used for rapid infusion or for admin-
istration of more than one solution at a time. Each leg of the Y set is capa-
ble of being the primary set. The Y set has two separate spikes with a
separate drip chamber and short length of tubing with individual clamps.
Primary Y sets are made up of large-bore tubing because this tubing is
meant to infuse large amounts of fluid in acute situations. Blood compo-
nents can be administered through primary Y sets. A Y set allows for
priming of the administration set before the blood is administered. Most
blood administration Y sets contain inline filters with a pore size of 170
microns and have a drop factor of 10 to allow for the safe infusion of
blood cells (AABB, 2002).

Primary Y sets are not provided as vented sets, so caution is needed
when using bottles with venting straws or a venting apparatus added to
the bottle. Collapsible containers should be used with Y sets. Any air
emboli associated with tubing of this inner lumen size are considered sig-
nificant (Perucca, 2001).

P INS Standard. Administration sets that are used to accommo-
date blood or blood components shall be changed after each unit of
blood or at the end of 4 hours. (INS, 2000, S4)

Pump-Specific Administration Sets

Pump-specific administration sets are made specifically for use with elec-
tronic infusion devices (EIDs). These sets also come in a number of con-
figurations, with each set specific for respective electronic delivery
systems. For specifics on each pump administration set, see the literature
that accompanies each EID.

Lipid Administration Sets

Lipids or fat emulsions are supplied in glass containers and require spe-
cial vented tubing that is supplied by the manufacturer. Lipid-containing
infusates have been known to leach phthalates from bags and tubing
made of PVC. Fat emulsions are supplied in glass containers with non-
PVC infusion sets.
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Nitroglycerin Administration Sets

Nitroglycerin tubing is available in certain infusion pump sets. Safe care
can be accomplished with or without a nitroglycerin-specific administra-
tion set, as long as the potential risks are understood. Nitroglycerin is
incompatible with standard PVC tubing. Studies have shown that nitro-
glycerin adheres to the plastic in the tubing and fluid bag. Nitroglycerin
sets can be made with non-PVC sets. Nitroglycerin-specific sets are more
expensive; however, when used with the glass system they offer a system
that does not create an adhering surface for nitroglycerin. The use of spe-
cialty sets remains controversial and much debated (Trissel, 2000).

® Accessory Devices for Administration Sets

Accessory, or add-on, devices for administration sets include:

B Filters

Extension tubings
Adapters and connectors
Stopcocks

Injection access ports
Needleless systems

When an add-on device is used, it should be of a Luer-Lok configura-
tion. Aseptic technique and infection control measures must be followed
for all add-on device changes. Adding accessories to an existing adminis-
tration set is referred to as breaching the infusion line. Whenever an infu-
sion line is breached, the possibility for the introduction of contaminates
exists.

P INS Standard. When add-on devices are used, they should be
changed with each catheter or administration set replacement, or
whenever the integrity of either product is compromised. (INS,
2000, 35)

Filters

Inline 1.V. Solution Filters

Inline, or “final,” filters are used in the delivery of I.V. therapy to filter out
microorganisms, which, if alive, will multiply in the bloodstream or, if
dead, will enter the tissue and cause a sterile abscess. The use of inline fil-
tration in intravenous infusions guards against inadvertent infusion of
particulate matter; air and lipid emboli; endotoxins; and microorganisms
such as bacteria, protozoa, and fungi (Dunleavy & Sevick, 2001). There are
two groups of particulate matter: (1) nonviable contaminants such as par-
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ticles of metal, lint, asbestos, rubber, cotton, dust, and glass and (2) viable
contaminants, consisting of bacteria and fungi. Inline filters remove
undissolved drug powders or crystals and precipitates from incompatible
admixtures.

The U.S. Centers for Disease Control and Prevention (CDC) does not
recommend the use of inline filters as a routine infection-control measure.
This is based on the belief that these filters are not cost effective in pre-
venting infrequently occurring infusion-related infections because they
may also increase personnel time and the incidence of infections (CDC,
2002).

The Infusion Nurses Society standards (2000) favor the inline filters
for removal of bacteria, fungi, particulate matter, air, and some endotox-
ins from I.V.-delivered fluids. This position is also supported by a recom-
mendation published in 1994 by the U.S. Food and Drug Administration
(FDA). The National Coordinating Committee on Large Volume
Parenteral has established priorities for the use of filters and recommends
the use of filters with tissue plasminogen activator (TPN) admixtures; for
immunodeficient or immunocompromised patients; and for I.V. infusions
containing additives, especially those that are heavily precipitated

Inline filters are available in a variety of forms, sizes, and materials:

B Filters measuring 170 microns remove most debris from blood.

B Filters measuring 0.5 to 1.2 microns remove most particulate
matter but do not remove fungi or bacteria.

B Filters measuring 0.45 micron remove fungi or bacteria.

® Filters measuring 0.22 micron remove all fungi and bacteria but can
reduce flow rates.

The smallest human capillary is slightly larger than a red blood cell
(approximately 6 microns). Well mixed infusate solutions may contain
microprecipitates in the range of 1 to 50 microns. The use of inline filters
ensures removal of particles that can pass rigorous visual inspection
(Dunleavy & Sevick, 2001). Infusion-related phlebitis, a common compli-
cation occurring in up to 70 percent of patients receiving 1.V. therapy, can
be attributed to physical (microprecipitates and particulate matter) and
chemical (irritating pharmaceuticals and additives) causes, as well as
increased manipulation of L.V. sets and materials (Maki & Mermel, 1998).

P INS Standard. A 0.22-micron filter is considered a bacterial /par-
ticulate retentive, air-eliminating filter and is recommended for use to
decrease the potential of air emboli, reduce the risk of phlebitis, and
prevent bacteria contamination. To achieve final filtration, the filter
should be located as close to the cannula site as possible. The filter
should be an integral part of the administration set. (INS, 2000, 38)

Two commonly used inline filters are the depth filter and the mem-
brane filter.
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DEPTH FILTERS

The depth filter is composed of fibers or fragmented material that has
been pressed or bonded to form a maze; the pore size is nonuniform.
Fluid flows through a random path that absorbs and traps the particles.
These filters can clog when large amounts of particles are retained. Depth
filters prime easily and are capable of air elimination.

MEMBRANE FILTERS

Membrane filters are screen filters with uniformly sized pores. Filters
range in size from 170 microns (largest) to 0.22 micron (smallest). They
allow liquids but not particles to pass through them. The finer the mem-
brane, the more fully it will filter the liquid. A 5-micron screen will retain
on the flat portion of the membrane all particles larger than 5 microns.
Filters of 0.2 microns are for bacteria, fungus, and air retention. The 0.22-
micron air-venting filters automatically vent air through a nonwettable
(hydrophobic) membrane and permit uniform high-gravity flow through
large wettable (hydrophilic) membrane.

To be effective, an infusion membrane filter must have the ability to:

B Maintain high flow rates

Automatically vent air

Retain bacteria, fungi, particulate matter, and endotoxins
Tolerate pressures generated by infusion pumps

Act in a nonbinding fashion to drugs

Membrane filters are used when:

1. An additive has been combined with the solution.
2. The injection port on the tubing is used.

3. The patient is susceptible to infusion phlebitis.

4. The infusion is given centrally.

5. The solution is a three-in-one TPN solution.

Prescribed therapies in which a 0.2-micron filter is contraindicated
include administration of blood or blood components, lipid emulsions,
and low-dose (less than 5 micron/mL) solutions. Other contraindications
include the administration of low-volume medications (total amount less
than 5 mg over 24 hours), L.V. push medications, medications in which
pharmacologic properties are altered by the filter membrane, and med-
ications that adhere to the filter membrane.

All filters have a certain pressure value at which they will allow the
passage of air from one side of a wetted hydrophilic membrane to the
other. This pressure valve is called the bubble point.

Filters are also rated according to the pounds per square inch (psi) of
pressure they can withstand. The filter should withstand the psi exerted
by the infusion pump or rupture may occur. If the psi rating of the hous-
ing is less than that of the membrane, excess force will break the housing.

When using a positive-pressure EID, consideration should be given to



Copyright © 2005 F.A. Davis Company

216 ™  ynr 2 > Basic Infusion Practice

the psi rating of a filter. The psi exerted by the device should never exceed
the psi capacity of the filter (INS, 2000, 38).

Filters for Parenteral Therapy

An air-eliminating 0.2-micron filter set designed for 96-hour bacteria and
endotoxin retention is indicated for use with 1.V. administration sets for
the removal of inadvertent particulate debris, microbial contaminates and
their associated endotoxin, and entrained air that may be found in solu-
tions intended for 1.V. administration (Pall, 2000) (Fig. 6-9A, B).

A filter set for total nutritional admixture administration has a 1.2-
micron air-eliminating filter. This filter set is indicated for use with any

Figure 6-9 m (A) Inline 0.22-micron filter: Filterflow. (Courtesy of B. Braun
Medical Inc., Bethlehem, PA.) (B) The Supor AEF 0.2-micron filter set for
removal of inadvertent particulate debris and bacterial contamination with
minimal drug binding. (Courtesy of Pall Corporation, Port Washington, NY.)
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nutritional I.V. administration containing lipids for the removal of inad-
vertent particulate debris, fungal contaminants, and entrained air (Pall,
2000; Fig. 6-10).

When lipid emulsions are administered, a 0.45-micron filter is avail-
able for the removal of inadvertent particulate debris; air; and microbial
contaminates such as Candida albicans, Moraxella osloensis, Staphylococcus
aureus, and Klebsiella pneumoniae (Fig. 6-11).

Blood Filters

The American Association of Blood Banks states that blood must be trans-
fused through a sterile, pyrogen-free transfusion set that has a filter capa-
ble of retaining particles that are potentially harmful to the recipient
(ABB, 2002). Commercially available filters include the standard clot filter,
the microaggregate filter, and the leukocyte depletion filter. For further
details on blood filters, see Chapter 13.

P INS Standard. Blood filters are used to remove particulate mat-
ter from blood and its components. Nurses should be knowledge-
able regarding filters and filter requirements of various blood
components. (INS, 2000, 38)

Figure 6-10 m Air-eliminating filter set designed for total nutrient admix-
ture solutions. This filter has a 1.2-micron nylon membrane that provides an
effective barrier for the patient from inadvertent particulate contamination,
uncontrollable precipitate contamination, and entrained air. (Courtesy of Pall
Corporation, Port Washington, NY.)
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Figure 6-11 m Lipipor emulsive filter contains a 0.45-micron filter used for removal of
inadvertent particulate debris, entrained air, and microbial contamination of drug lipid
emulsions. (Courtesy of Pall Corporation, Port Washington, NY.)

STANDARD CLOT FILTERS

Blood administration sets have a standard clot filter of 170 to 260 microns.
They are intended to remove coagulated products, microclots, and debris
resulting from collection and storage. These filters allow passage of
smaller particles called microaggregates, which are composed of nonvi-
able leukocytes, primarily granulocytes, platelets, and fibrin strands. The
microaggregates can cause pulmonary dysfunction (adult respiratory dis-
tress syndrome) when large quantities of stored bank blood are infused
(Menitove, 1999).

MICROAGGREGATE FILTERS

A supplementary filter (transfusion filter) can be added to an in-use
administration set, permitting infusion of blood, easy replacement of the
filter (if clogging occurs), and multiple infusions of blood units. The 20- to
40-micron microaggregate blood filters remove most debris from the
transfusion product but can slow the administration of blood to an unde-
sirable rate. The 40-micron filter allows blood to be transfused easily in
the specified period of time; however, filtration is less refined. The 80-
micron filter is the filter of choice in many institutions because of its safe
level of filtration and high flow rate potential (Perucca, 2001). A microag-
gregate filter is a free-flow, low priming volume device that provides a 40-
micron rated screen filter medium for the removal of potentially harmful
blood components, microaggregates, and nonblood component particu-
late matter (Pall, 2000) (Fig. 6-12).

LEUKOCYTE DEPLETION FILTERS

Leukocyte depletion filters are used to remove leukocytes (including
leukocyte-mediated viruses) from red blood cells and platelets.
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Figure 6-12 m Microaggregate blood trans-
fusion filter. (Courtesy of Pall Corporation,
Port Washington, NY.)

Leukocyte-poor filters are classified according to efficiency level, not
micron size (Pall Biomedical Corporation, 2000). These filters can be used
to remove 99.9 percent of leukocytes from red blood cells, platelets, and
plasma (Pall, 2000).

Websites

Pall Medical Filter information: www.pall.com/medical

Extension Tubings

Extension tubings are add-on sets used to add L.V. line length. Commonly
used with active patients, these sets, which come in various lengths, aid
in tubing changes without the need for site manipulation. Extension tub-
ing is also frequently used as primary tubing for syringe pumps and
ambulatory pumps. Disadvantages are an added cost and an additional
site for bacteria to enter the system.

Adapters and Connectors (Loops)

J-, U-, or T-shaped adapters and connectors may be used at the injection
site. The T port is a common add-on device that is usually about 4 to 6
inches long and is made of standard or microbore tubing with a hard plas-
tic T-shaped connector on one end. One leg of the T connector attaches to
the L.V. device with the other a resealable latex port.

The ] loop or U connector has the same purpose as the T connector.
Their rigid shape is maintained when connected to an I.V. site.
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Disadvantages of 1.V. adapter and connector loops are increased cost
and increased potential for infection because of the increased opportunity
for manipulation and risk of separation. Their use should be limited (Fig.
6-13).

P INS standard. All add-on devices should be of Luer-Lok design.
Tape should not be used as a means of junction securement. (INS,
2000, 35)

Stopcocks

A stopcock is a device that controls the direction of flow of an infusate
through manual manipulation of a direction-regulating valve (Fig. 6-14).
A stopcock is usually a three- or four-way device. A three-way stopcock
connects two lines of fluid to a patient and provides a mechanism for
either one to run to the patient (similar to a faucet). With a four-way stop-
cock, the valve can be manipulated so that one or both lines can run to the
patient, alone, or in combination.

The general use of stopcocks is strongly discouraged because of the
issue of contamination. When the stopcock portals are uncapped they are
vulnerable to touch contamination. The stopcock itself is small and
requires handling in such a way that sterility can easily be compromised.
Syringes are frequently attached to I.V. push administration, and the por-
tal is poorly protected after use (Perucca, 2001).

@=> NURSING FAST FACT!

Caution should be exercised when using a stopcock because of the risk of
contamination of the I.V. system or accidental disconnection if a Luer-Lok connec-
tion is not used or if the stopcock is accidentally turned. Also, the infusion might
be interrupted or administered incorrectly.

Figure 6-13 m J- and U-shaped
add-on devices. (Courtesy of Becton
Dickinson, Franklin Lakes, NJ.)
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Figure 6-14 m Stopcocks. (Courtesy of B. Braun Medical Inc., Bethlehem, PA.)

Injection Access Ports

Injection access ports or caps are locking devices also known as resealable
PRN devices. A locking device is a capped resealable diaphragm that
may have a Luer-Lok or Luer slip connection. The diaphragms may be
made of latex, but many manufacturers are now making latex-free
diaphragms because of increased sensitivities to latex. This type of device
can convert continuous L.V. infusion to an intermittent device when a
resealable plug is inserted into the cannula hub. The resealable lock is
used for saline or heparin flush (Fig. 6-15).

A disadvantage of the resealable lock is that it can separate at the hub
or plug junction, allowing bacteria to enter the system because of inade-
quate flushing of blood cells from under the latex rubber. In addition, an
occlusion or blood clot can occur within the locking device.

P INs standard. Injection access ports should be aseptically

cleansed with an approved antimicrobial solution immediately
before use. (INS, 2000, 41)

Image/Text rights unavailable

Figure 6-15 m PRN valve with needleless technology: Clearlink Access
System. (Courtesy of Baxter International Inc., Round Lake, IL.)
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@=> NURSING FAST FACT!

Large-bore needles or frequent needle punctures may remove a plug of
rubber from the port, resulting in coring. The risk of coring is difficult to predict;
therefore, injection caps should be routinely changed according to institutional
protocol.

Needleless Systems

The Needlestick Safety and Prevention Act, which took effect in April of
2001, reinforces the need to use safe needles to reduce injuries. Needleless
systems and needle safety systems are the state-of-the-art technology of
needle systems and are used to connect 1.V. devices, administer infusates
and medications, and sample blood.

Estimates indicate that 600,000 to 800,000 needlestick and other per-
cutaneous injuries occur annually in the United States (EPINet, 2000).
The current cost for a single percutaneous injury is estimated at between
$500 and $1000, with more than $500 million being spent annually for
needlestick injuries.

The use of protected needles or needleless equipment significantly
decreases the risk of needlestick injuries (NIOSH, 2000). An increasing
number and variety of needle devices with safety features are now avail-
able. Examples of safety device designs include:

Needleless connectors

Protected needle connectors

Needles that retract into a syringe or vacuum tube holder

Hinged or sliding shields attached to phlebotomy needles, winged
steel needles

Protective encasements to receive an L.V. stylet

Sliding needle shields attached to disposable syringes and vacuum
tube holders

® Self-blunting phlebotomy and winged steel needles

B Retractable finger/heel-stick lancets

Figure 6-16 is an example of a needlefree system, and Figure 6-17
shows examples of a protected needle.

The shielded needle design provides FDA guidelines that require that
the device be designed to require the worker’s hands to remain behind
the needle as it is covered (FDA, 1995). The shielded needle provides pro-
tection for the practitioner after the stylet is withdrawn from the catheter
during insertion into a vein. The needle is usually locked within a needle
guard (Fig. 6-17).

To purchase a report on needlestick prevention devices, contact the
Emergency Care Research Institute (ECRI) which is an independent, non-
profit agency evaluating medical devices:
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Image/Text rights unavailable

Figure 6-16 m Life Shield Clave needleless system. (Courtesy of Abbott
Laboratories, North Chicago, IL.)

ECRI

5200 Butler Pike

Plymouth Meeting, PA 19462
610-825-6000 ext. 5888

Websites

Emergency Care Research Institute (ECRI): www.ECRI.com

Centers for Disease Control and Prevention (CDC): www.cdc.gov/niosh/
2000

Service Employees International Union (SEIU): www.serv.org/new

International Health Care Worker Safety Center: hsc.virginia.edw/epinet

Figure 6-17 m (A) Protectiv LV. catheter needle protection system.
(Courtesy of Medex, Inc., Carlsbad, CA.) (Continued on following page)
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Figure 6-17 (Continued) m (B) Introcan safety L.V. catheter with passive
safety. (Courtesy of B. Braun Medical Inc., Bethlehem, PA.)

NOTE > See Chapter 1 for further information on risks of needlestick injuries.
Table 6-2 presents a list of I.V. safety products and devices.

® Peripheral Infusion Devices

Several types of peripheral infusion devices are commercially available:
scalp vein needles, over-the-needle catheters, through-the-needle
catheters, midline catheters, and dual-lumen catheters. The catheter-type
devices usually have radiopaque material or stripping added to ensure
radiographic visibility. Radiopacity aids in the identification of a catheter
embolus, a rare complication. The hub of a cannula is plastic and color
coded to indicate the length and gauge.

Catheters are made of various biocompatible materials such as poly-
tetrafluoroethylene (Teflon) and Vialon (Becton Dickinson). Teflon is less
thrombogenic and less inflammatory than polyurethane or PVC, and
Vialon is a newer material that is nonhemolytic and free of plasticizers.
Teflon, a polyurethane material, has been shown to provide low cost, low
rates of infiltration, and comparatively low rates of phlebitis. Vialon is
slick when wetted and softens after insertion, minimizing venous trauma
and clot induction. For a comparison of the types of peripheral infusion
devices, see Table 6-3.

P INS Standard. The cannula selected shall be of the smallest
gauge and the shortest length possible to accommodate the pre-
scribed therapy. Catheters shall be radiopaque. A short peripheral
catheter is defined as one that is smaller than 3 inches in length. The
term “cannula” refers to a stainless steel needle or the catheter. (INS,
2000, 44)
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> Table 6-2 SAFETY PRODUCTS AND DEVICES

Alternatives to Poylvinyl Chloride (PVC) and DEHP

Blood bags: Baxter Healthcare

Central line B. Braun, Becton Dickinson, Horizon Medical
catheters and Products, Klein-Baker Medical, Utah Medical
PICC lines: Products, Inc. and Vygon

I.V. Bags: B. Braun, Biometrix, Budget Medical Products,

Curlin Medical, Cryovac, Kawasumi, Horizon
Medical Products, MPS Acacia, Medex, Inc.,
Natvar, Pactiv, and Cryovac

Needleless and Needle Protector Systems

.V. Medication Used to administer medication or fluids through an
Delivery Systems: L.V. catheter port or I.V. connector site.
Needleless I.V. Life Shield System, Abbott Laboratories
Access-Blunted Cannulas Interlink® IV Access System, Baxter/Becton
Dickinson

Ultrasite® Needle-free IV system, B. Braun Medical

POSIFLOW valve, Becton Dickinson

SmartSite Needle-Free System, Alaris Medical
Systems

Safsite System, B. Braun Medical

Clave™ connector, ICU Medical

AVI Checkvalve, 3M Health Care

Recessed/Protected LifeShield Connector, Abbott Laboratories
Needles NeedleLock Device, Baxter Healthcare Corp.
Versa-Lok and Pro-Lok, Beech Medical
Click Lock and Piggy Lock, ICU Medical
Centurion Uni-Guard Piggy Back Connector, Tri-
State Hospital Supply Corp.

I.V. Insertion Equipment: Used to access the bloodstream for L.V.
administration.
Shielded or Retracting Introcan® Safety IV catheter, B.Braun Medical
Peripheral I.V. Catheters Insyte™ Auto Guard™ shielded IV catheter, Becton
Dickinson

IV Safe™ M.C. Johnson Co., Inc.

Saf-T-Intima™ IV catheter safety system, Becton
Dickinson

Protectiv and Protective Plus IV Catheter safety
system, Johnson & Johnson Medical, Inc.

Protectiv® Acuvance® L.V. Safety Catheter, Ethicon
EndoSurgery, Inc.

Secure peripheral venous catheter, Vadus, Inc.

Shielded Midline I.V. Biovue ™ PICC/Midline catheter with Protective
Catheters Safety Introducer, Johnson & Johnson Medical,
Inc.

Sources: CDC/EPINET /products. www.med.Virginia. EDU/medcntr/centers/epinet/products.html#1
HealthCare Without Harm
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> Table 6-3 COMPARISON OF PERIPHERAL INFUSION DEVICES
Cannula Advantages Disadvantages Uses
Scalp-vein Excellent for one-time Needle increases the Infants and children
needle LV. medication, risk of infiltration Elderly and other
blood withdrawal, = Not recommended for adults with small
in patients allergic use in flexor areas veins
tonylon or Teflon ~ Needle not flexible Adults receiving short-
Wings allow ease of Repuncture by contami- term therapy
insertions and nated needle possible
secure taping
Attached extension
permits easy tubing
change
Over-the- Easy to insert Depending on the hub,  Long-term therapy
needle Stays patent longer sometimes difficult to Delivery of viscous

Through-the-
needle

Catheter tip tapered
to prevent peelback

Radiopaque feature
makes radiographic
detection easy

Infiltration rare

Winged cannula easy
to tape

Stable; allows for
greater patient
mobility

Permits insertion of
catheter into the
SvC

Less likely to damage
veins

Stable

secure with tape

Long inflexible stylet
increases the risk of
accidental puncture;
pressure marks from
hub

Some catheters drag
through the skin on
insertion

Increased risk of
phlebitis

Needle remains secured
outside the skin; risk
of catheter embolus

Plastic catheter may
support infection or
trigger phlebitis in
central veins

liquids: blood and
total parenteral
nutrition

Arterial monitoring

Long-term therapy

Delivery of viscous
liquid

Delivery of drugs

Central venous pres-
sure monitoring

Scalp-Vein Steel Needles

The wing-tipped or butterfly needles are types of scalp-vein steel needles.
Scalp-vein needles are made of stainless steel with odd-numbered
gauges (i.e.,, 17-, 19-, 21-, 23-, 25-) and lengths of 0.5 to 1.0 inch. The
wings attached to the shaft are made of rubber or plastic, and the flexible
tubing extending behind the wings varies from 3 to 12 inches long (Fig.
6-18).

These needles are most frequently used for short-term therapy, usu-
ally in patients with expected indwelling catheter times of less than 24
hours, such as with single-dose therapy, I.V. push medications, or blood
sample retrieval (Perucca, 2001). Steel needles are biocompatible, and low
rates of inflammation or phlebitis have been documented. Steel cannulas
do not flex or yield with resistance; therefore, the steel tip can easily punc-
ture the vasculature after placement, increasing the risk of infiltration.
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Figure 6-18 m Types of scalp vein needles. (Courtesy of Becton Dickinson,
Franklin Lakes, NJ.)

P INS Standard. Because stainless steel needles tend to dislodge
and infiltrate more frequently than catheters, their use should be
limited to short-term or single-dose administration. (INS, 2000, 44)

Over-the-Needle Catheters

The most widely used infusion device is the over-the-needle catheter
(ONCQ), which consists of a needle with a catheter sheath (Fig. 6-19). The
point of the needle extends beyond the tip of the catheter. After venipunc-
ture, the needle (stylet) is withdrawn and discarded, leaving a flexible
catheter within the vein. The cannula consists of a catheter with a length
of 0.5 to 2.0 inches and gauges of even numbers ranging from 12 to 24. Use
the following as a guide regarding when to use the different gauge
catheters:

B 14- to 16-gauge: multiple trauma, heart surgery, transplantation
procedures

B 18-gauge: major trauma or surgery, blood administration

B 20-gauge: minor trauma or surgery, blood administration

B 22-gauge: pediatric use, person with small veins, administration of
platelets or plasma. (Avoid using 22-gauge catheters when admin-
istering packed red blood cells, whole blood, and antibiotic
therapy:.)



Copyright © 2005 F.A. Davis Company

228 ™ ynir 2 > Basic Infusion Practice

A

Figure 6-19 m Over-the-needle catheters. (A) Integrated LV. catheter with
safety shield SAF-T-INTIMA. (B) Insyte with safety shield. (Courtesy of Becton
Dickinson, Franklin Lakes, NJ.)

Teflon over-the-needle catheters tend to increase the risk of infusion-
related phlebitis with small peripheral venous catheters (Maki & Mermel,
1998).

Vialon, an elastomer of polyurethane, is a high-strength material that
provides a smooth-surfaced catheter for easy insertion. After it is inside a
vein, Vialon becomes soft and pliable, permitting the catheter to float in
the vein rather than against the intima of the vein wall. Vialon is also
designed to minimize local reactions under conditions of extended use.

P INS Standard. Radiopaque over-the-needle catheters are recom-
mended for routine infusion therapy. (INS, 2000, 44)

@=> NURSING FAST FACT!

With any catheter, use the shortest length and the smallest gauge to
deliver the ordered therapy. Also, use a vein large enough to sustain sufficient
blood flow because this will decrease irritation to the vein wall.

Catheter Designs
THIN WALL

The thin-walled over-the-needle catheter is constructed of plastic and its
thinner wall provides higher flow rates because of its larger internal
lumen. Thin-walled catheters are smoother on insertion because they
have a more tapered fit to the inner stylet. The thin-walled construction
also causes the catheter to become less able to hold its shape once it is
inserted and warmed to body temperature. This soft, “flimsy” catheter is
easier on the intima of the vein but collapses with negative pressure.

FLAsHBACK CHAMBERS

The flashback chamber is a small space at the hub of the stylet. When the
stylet punctures the vein during catheter insertion, the increased pressure
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in the vein is immediately relieved into the catheter stylet with a flow of
blood in the flashback chamber. This allows the nurse to see that the blood
return is continuing as the catheter is advanced and secured. The safest
catheters use a flashback chamber that allows the rapid return of blood
but prohibits any blood spillage.

ADDITION OF WINGS

Adding wings to the design of L.V. catheters and scalp-vein needles is
intended to improve insertion technique and catheter maintenance. The
wings are usually flexible plastic protrusions from the hub of the device.
Winged catheters provide more control when the after is manipulated,
thereby preventing contamination.

CoLor CODING

The peripheral catheter hubs incorporate international color-coding stan-
dards. Universal color-coding standards allow visual recognition of the
catheter gauge size. This standard has not been applied to gauge sizes of
midline or central infusion catheters. The color codes are:

B Yellow: 22-gauge
B Pink: 20-gauge
® Green: 18-gauge
® Gray: 16-gauge

@=> NURSING FAST FACT!

Looking at color-coding should never substitute for reading the package
label.

Dual-Lumen Peripheral Catheters

The dual-lumen peripheral catheter is available in a range of catheter
gauges with corresponding lumen sizes. Two totally separate infusion
channels exist, making it possible to infuse two solutions simultaneously.
They are available as 16-gauge catheters with 18- and 20-gauge lumens or
as 18-gauge catheters with 20- and 22-gauge lumens. Dual-lumen
catheters are also available as midlines.

@==> NURSING FAST FACT!

Controversy still exists regarding simultaneous infusions of known incom-
patible solutions or medications through a dual-lumen peripheral catheter
because of the limited hemodilution achievable in any peripheral vessel.
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Through-the-Needle Catheters

A through-the-needle catheter (TNC) consists of a catheter between 14
and 19 gauges in diameter lying inside a needle. The needle may be from
1 to 2 inches long, and the catheter may be 8 to 36 inches long. The newer
type of through-the-needle catheters, seen mainly in peripherally inserted
central venous access devices, have a steel or plastic encasement that can
be removed after the catheter is advanced into the vein. After the catheter
is placed, the needle is withdrawn and secured outside the skin. Because
the catheter is radiopaque, confirmation by radiographic examination can
be done before administration of viscous solutions.

Midline Catheters

Any catheter placed between the antecubital area and the head of
the clavicle is called a midline catheter. Midline catheters are designed
for intermediate-term therapies of up to 28 days of isotonic or near-
isotonic therapy. The catheters are 6 inches long and are made of elas-
tomeric hydrogel. Approximately 2 hours after insertion, this type of
catheter becomes 50 times softer, allowing it to increase 2 gauges in
size and 2.5 cm in length. It is placed midline in the antecubital region
in the basilic, cephalic, or median antecubital site and is then advanced
into the larger vessels of the upper arm for greater hemodilution
(Fig. 6-20).

Radiologic confirmation of the tip location is recommended in the fol-
lowing clinical situations:

Difficulty with catheter advancement

Pain or discomfort after catheter advancement

Inability to obtain free-flowing blood return

Inability to flush the catheter easily

A guidewire that is difficult to remove or is bent after removal

P INS Standard. The choice of catheter and appropriate nursing
care for midline catheters should be established in organizational
policy and procedure. (INS, 2000, 44)

NOTE > Guidelines for PICC and midline catheters are presented in
Chapter 12.

& Central Infusion Devices

Long-term I.V. therapy may require venous access over weeks, months, or
even years. Special central venous catheters have been designed specifi-
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Figure 6-20 m Examples of midline catheters. (Courtesy of BARD Access
Systems, Salt Lake City, UT.)

cally for long-term access, patient comfort, and decreased complications
associated with multiple therapies. There are three general types of place-
ment of central venous lines: centrally placed percutaneous catheters, cen-
tral venous tunneled catheters, and implanted ports, all of which must be
inserted by a physician, and peripherally inserted central catheters
(PICCs), which can be inserted by a nurse specifically trained in their
insertions.

Central catheters are made of soft, medical grade silicone elastomers,
thermoplastic polyurethane, or PVC and are commercially available in
many designs. Polyurethane catheters are the most commonly used
catheters because of the material’s versatility, malleability (tensile
strength and elongation characteristics), and biocompatibility (Perucca,
2001).

NOTE > Additional information on central venous catheters is given in
Chapter 12.

Central lines include:

B Percutaneous catheters

® Central venous tunneled catheters
B Implantable venous access ports
m PICCs
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NOTE > Various types of central line catheters in use today are discussed in
detail in Chapter 12.

Percutaneous Catheters

In 1961, the first L.V. catheter for accessing the central circulation was
introduced (Stewart & Sanislow, 1961). The percutaneously inserted
catheter may consist of polyurethane, a stiffer material, which makes the
catheter easy to advance, allowing catheter insertion outside the operat-
ing room. The percutaneous catheter is placed by an infraclavicular
approach through the subclavian vein (or the jugular or femoral vein) and
secured by suturing. The final tip location should be in the superior vena
cava (SVC). The catheter may remain in place for a few days to several
weeks. This type of catheter provides access to larger venous circulation
for the delivery of hypertonic solutions. These catheters can have single,
double, triple, or quadruple lumena.

Central Venous Tunneled Catheters

Central venous tunneled catheters (CVTCs) are made of soft, medical
grade silicone elastomers. CVTs have a Dacron cuff near the subcutaneous
exit site of the catheter that anchors it in place, acts as a securing device,
and serves as an antimicrobial barrier. CVTCs are surgically inserted
through percutaneous cutdown under local or general anesthesia. The
distal catheter tip is advanced into the vessel and is placed in the SVC. The
proximal end is subcutaneously tunneled to an incisional exit site on the
anterior or posterior trunk of the body. The usual exit sites for CVTCs are
the mid- to lower thoracic or upper abdominal regions. Types of tunneled
catheters include Broviac, Hickman, Raaf, and Groshong. These catheters
are 20 to 30 inches long and have a 17- to 22-gauge internal lumen diam-
eter. The thickness of the silicone wall varies by manufacturer. Silicone
catheters can be single, dual, triple, or quadruple lumen (Fig. 6-21).

Implantable Venous Access Ports

The implantable venous access port is a completely closed system con-
sisting of an implanted device with a drug reservoir, or port, with a self-
sealing system connected to an outlet catheter. The device is surgically
implanted into a convenient body site in a subcutaneous pocket. The self-
sealing septum can withstand up to 2000 needle punctures. This device
provides venous access for blood withdrawal, I.V. solution infusion,
blood transfusion, and chemotherapy. The implanted port must be



Copyright © 2005 F.A. Davis Company

CHAPTER 6 > Equipment " >33

Figure 6-21 m (A) Hickman (top) and Broviac (bottom two) catheters. (B)
Triple-lumen (top), double-lumen (middle), and single-lumen (bottom) central
venous tunneled catheters.

accessed with a Huber needle (noncoring) for safe and proper penetration
of the septum of the port. Because these are noncoring needles, they con-
tribute to the long lifetime of the port. The needles are sized from 19 to 24
gauge and range from 1 to 2 inches in length. The needles are available in
90-degree or straight-needle designs (Fig. 6-22).

Peripherally Inserted Central Venous Catheters

A PICC is placed with tip location in the SVC. This catheter usually ranges
from 16 to 26 gauges and from 20 to 24 inches in length. The peripheral
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Figure 6-22 m (A) Dome port with Groshong valve. (B) MRI dual port.
(Courtesy of BARD Access Systems, Salt Lake City, UT.)
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Figure 6-23 m Peripherally inserted central catheters (PICC). (A) CliniCath,
single lumen. (B) PowerPicc.™

catheter is inserted into a peripheral site and advanced into the SVC.
To reach the SVC in the average adult, a catheter at least 20 inches
long is required. The catheter is made of silicone, which has proven
reliability and biocompatibility over the years in central venous catheter
application as well as a variety of implant uses. Silicone elastomer is
soft, flexible, nonthrombogenic, and biocompatible (Fig. 6-23A). A new
product is the PowerPicc™, which combines efficacy of PICC and
maximum injection rates with a new bifurcation design, and easy to read
labeling (Fig. 6-23B).

A PICC may be used to deliver all types of therapy. It is the appro-
priate choice for parenteral nutrition with dextrose content greater than
10 percent, continuous infusion of vesicant medications or medications
with the ability to cause necrosis if they infiltrate, therapies with extreme
variations in tonicity of pH, or anticipated extended L.V. therapy.

P INS Standard. The catheter selected for a PICC shall be a
radiopaque catheter designed for central placement by peripheral
access. The length of the catheter should be such that the tip resides
in the SVC. (INS, 2000, 44)

% Infusion Regulation Devices

Historically, infusion systems were regulated with a roller clamp, which
the nurse adjusted manually with the roller or screw clamp on the admin-
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Figure 6-24 m Mechanical con-
troller: Rate flow regulator.
(Courtesy of B. Braun Medical
Inc., Bethlehem, PA.)

istration set. Today numerous mechanical and electronic devices are avail-
able to assist nurses in maintaining an accurate infusion rate.

P INS standard. A flow-control device is used to assist in regulat-
ing a prescribed administration rate. (INS, 2000, 39)

Mechanical Gravity Devices

Flow-regulating mechanisms that attach to the primary infusion adminis-
tration sets are called mechanical gravity control devices (or mechanical
controllers). They are manually set to deliver specified volumes of fluid
per hour. They are available as dials, with clocklike faces, or a barrel-
shaped device with cylindrical controls. Flow markings on the dials help
to approximate the drops per minute, based on the set drop factor, but
should be verified by counting the drops (Fig. 6-24).

P INS Standard. Manual flow-control devices should achieve
accurate delivery of prescribed therapy with minimal deviation and
are an adjunct to nursing care and are not intended to alleviate the
nurse’s responsibility for monitoring the flow rate of the therapy.

(INS, 2000, 39)

Electronic Infusion Devices

The use of electronic infusion devices (EIDs) or flow-control devices
should be guided by the patient’s age and condition, setting, and pre-
scribed therapy. These devices provide an accurate flow rate, are easy
to use, and have alarms that signal problems with the infusion. However,
hourly assessment, responsibility, and accountability for safe infusion
still lie with the professional nurse. To use these devices effectively, the
nurse should know: (1) indications for their use, (2) their mechanical
operation, (3) how to troubleshoot, (4) their psi rating, and (5) safe usage
guidelines.
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Infusion control devices have come a long way since their introduc-
tion in 1958. The very early models had serious accuracy and safety prob-
lems: air embolisms, fluid containers that ran dry, and clogged catheters
were common. The pumps were large, hard to troubleshoot, and limited
in their reliability and usability.

IVAC Corporation introduced the concept of the rate controller in
1972; today there are many models and types on the market, including:

Controllers

Positive-pressure infusion pumps

Volumetric pumps

Peristaltic pumps

Syringe pumps

Patient-controlled analgesia (PCA) systems
Multichannel and dual channel

Ambulatory pumps

Disposable pumps (elastomeric balloon pumps)

@=> NURSING FAST FACT!

Because of the many controllers and volumetric and peristaltic pumps on
the market, refer to the manufacturer’s recommendations for troubleshooting
guidelines for set up and of each EID.

P INS Standard. EIDs shall be used when warranted by the
patient’s age, condition, setting, and prescribed therapy. The nurse is
responsible and accountable for the use of the EID. (INS, 2000, 39)

Controllers

Controllers operate strictly on gravity flow and do not exert positive pres-
sure greater than the head height of the infusion bag, which is usually 2
psi. Some controllers can reach a psi of 5, but this pressure is uncommon.
The maximum flow rate is affected by how high the L.V. container is hung
above the LV. site. Controllers cannot detect infiltrations. After the LV.
catheter leaves the vein and infiltrates into the tissues, the pressure drops.
Because the infusion device is “looking” for pressure to signal an infiltra-
tion, it may be a long time with significant fluid accumulation before the
infuser actually detects infiltration. It is always best to recommend that
the nurse monitor the infusion visually and not rely on the infusion
device to detect infiltrations.

@=> NURSING FAST FACT!

One psi and 50 mm Hg exert the same amount of pressure.
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A drop sensor and electric feedback mechanism regulate the gravity
flow of the fluid. Controllers reduce the potential for rapid infusion of
large amounts of solution (runaways) and empty bottles. Controllers
assist the nurse in detecting infiltrations and maintaining accurate flow
rates. It is estimated that 80 percent of L.V. fluid and drug administration
can safely be regulated by the use of a controller.

The LV. bag is usually hung 36 inches above a patient’s head for ade-
quate gravity pressure. When there is resistance to the flow, the con-
troller’s alarm will sound, signaling that it cannot maintain the preset
rate. Resistance can occur when the patient is restless and frequently
changing positions, if the catheter tip is at a flexion point, or if the patient
lies on the tubing. Many of the newer controllers can deliver blood com-
ponents safely.

Positive-Pressure Infusion Pumps

Positive-pressure infusion pumps average 10 psi, with up to 15 psi con-
sidered to be safe, although newer technology has the psi set as low as 0.1
psi. Older pumps still in use may pump at dangerous pressures of 16 to
22 psi. Pressures greater than 15 to 20 psi should be used with extreme
caution.

Positive-pressure infusion pumps are used for delivering high vol-
umes and complex therapies in high-acuity situations. The pumps are
more precise than controllers; accurately deliver the fluid as programmed;
and have many features, such as the ability to keep track of fluid amounts
and to sound alarms for various malfunctions. These pumps totally con-
trol the flow rate (Fig. 6-25).

@=> NURSING FAST FACT!

All positive pressure pumps should have an “anti—free-flow” alarm to pre-
vent inadvertent free-flowing solution.

Volumetric Pumps

Volumetric pumps calculate the volume delivered by measuring the vol-
ume displaced in a reservoir that is part of the disposable administration
set. The pump calculates every fill and empty cycle of the reservoir. The
reservoir is manipulated internally by a specific action of the pump. The
industry standard for the accuracy of electronic volumetric infusion
pumps is plus or minus 5 percent (Perucca, 2001).

Pressure terminology includes the terms “fixed” and “variable.” With
fixed infusion pressure, the pump is set internally to infuse up to a certain
psi but not more (occlusion limit). Variable-pressure pumps allow indi-
vidual judgment about the psi needed to safely deliver therapy. Nurses
can adjust a variable-pressure pump through programming. Variable-
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ACCLAIM Encore pump. (Courtesy of
Abbott Laboratories, North Chicago,
IL.)

pressure devices have a conservative upper limit (usually 10 psi) and a
lower limit of 2 psi similar to that of a controller. A psi setting of 4 to 8 is
common.

Volumetric pumps have proved invaluable in neonatal, pediatric, and
adult intensive care units, where critical infusions of small volumes of
fluid or doses of high-potency drugs are indicated. A cartridge pumps the
solution to be delivered; therefore, blood and red blood cells can be
administered without damage to the blood cells.

Many pumps use microprocessor technology for a more compact unit
and for easier troubleshooting. All volumetric pumps require special
tubing.

@=> NURSING FAST FACT!

To ensure safe, efficient operation, review the literature that accompanies
the pump to become familiar with the operation of the pump. Observe all pre-
cautions.

Peristaltic Pumps

Peristaltic refers to the controlling mechanisms: a peristaltic device moves
fluid by intermittently squeezing the I.V. tubing. The device may be rotary
or linear. In a rotary peristaltic pump, a rotating disk or series of rollers
compresses the tubing along a curved or semicircular chamber, propelling
the fluid when pressure is released. In a linear device, one or more pro-
jections intermittently press the LV. tubing. Peristaltic pumps are used
primarily for the infusion of enteral feedings.
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Syringe Pumps

Syringe pumps are piston-driven infusion pumps that provide precise
infusion by controlling the rate by drive speed and syringe size, thus elim-
inating the variables of the drop rate. Syringe pumps are valuable for crit-
ical infusions of small doses of high-potency drugs. A lead, screw
motor-driven system pushes the plunger to deliver fluid or medication at
a rate of 0.01 to 99.9 mL/h. It is a precisely accurate delivery system that
can be used to administer very small volumes. Some models have pro-
gram modes capable of administration in mg/kg per minute, mcg/min,
and mL/h. The syringe is usually filled in the pharmacy and stored until
used.

These pumps are used most frequently for delivery of antibiotics and
small-volume parenteral therapy. Syringe pump technology was applied
to PCA infusion devices. Syringe pumps are used frequently in the areas
of anesthesia, oncology, and obstetrics.

The volume of the syringe pump is limited to the size of the syringe;
a 60-mL syringe is usually used. However, the syringe can be as small as
5 mL. The tubing usually is a single, uninterrupted length of kink-resist-
ant tubing with a notable lack of Y injection ports. Syringe pumps can use
primary or secondary sets, depending on the intended use (Perucca, 2001)
(Fig. 6-26A, B).

Image/Text rights unavailable

Figure 6-26 m Syringe pumps. (A)
The ASENA CC syringe pump.
(Courtesy of Alaris Medical Systems,
San Diego, CA.) (B) Autosyringe AS50
infusion pump. (Courtesy of Baxter
International Inc., Round Lake, IL.)
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Patient-Controlled Analgesia Pumps

Patient-controlled analgesia pumps have been developed to assist
patients in controlling their pain at home or in the hospital. PCA pumps
can be used to deliver medication through 1.V., epidural, or subcutaneous
routes. These pumps are different from other infusion devices in that they
have a remote bolus control in which the patient or nurse can deliver a
bolus of medication at set intervals. PCA pumps are available in ambula-
tory or pole-mounted models.

There are three types of PCA pumps: basal, continuous, and demand.
All three afford some type of pain control with varying degrees of patient
interaction.

B The basal mode is designed to achieve pain relief with minimal
medication with intermittent dosing, thus allowing the patient to
remain alert and active without sedation.

® The continuous mode of therapy is designed for patients who need
maximum pain relief; it usually does not fluctuate from hour to
hour and should completely relieve pain or achieve a constant
effect.

B The demand mode dose is delivered by intermittent infusion when
a button attached to the pump is pushed. The demand dose can be
used alone or with the basal type of infusion.

@==> NURSING FAST FACT!

Patient-controlled analgesia pumps must be programmed with parame-
ters to prevent overmedication. These pumps are designed with a special key or
locking device for security of the medications.

P INS standard. Nurses should be knowledgeable about the
preparation and use of the PCA devices, including programming the
device to deliver prescribed therapy, administration and mainte-
nance procedures, and the use of lock-out devices. In addition,
nurses should have knowledge of the pharmacologic implications of
the medication, monitor the patient for therapeutic response, recog-
nize untoward responses, implement nursing interventions as
required, and document in the medical record. (INS, 2000, 72)

Multichannel and Dual-Channel Pumps

Multiple-drug delivery systems are computer generated, and many use
computer-generated technology. Multichannel and dual-channel pumps
can deliver several medications and fluids simultaneously or intermit-
tently from bags, bottles, or syringes. Multichannel pumps (usually with
three or four channels) require manifold-type sets to set up all channels,
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Figure 6-27 m Dual channel infusion system. (Courtesy of Alaris Medical
Systems, San Diego, CA.)

whether or not they are in use; each channel must be programmed inde-
pendently. Programming a multichannel pump can be challenging (Fig.
6-27).

Dual-channel pumps offer a two-pump mechanism assembly, with a
common control and programming panel. This type of pump uses one
administration set for each channel.

Ambulatory Pumps

Ambulatory pumps are lightweight, compact infusion pumps. These
have made a significant breakthrough in long-term care. This device
allows the patient freedom to resume a normal life. Ambulatory pumps
range in size and weight; most weigh less than 6 lIb and are capable of
delivering most infusion therapies. Features include medication delivery,
delivery of several different dose sizes at different intervals, memory of
programs, and safety alarms. The main disadvantage of ambulatory
pumps is limited power supply; they function on a battery system that
requires frequent recharging (Fig. 6-28).

New Technology

MEDICATION SAFETY SYSTEMS

Newer pumps are available with modular point-of-care platforms that
integrate infusion, patient monitoring, and clinical best practice guide-
lines for optimal outcomes (Fig. 6-29).
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Figure 6-28 m Ambulatory pumps. CADD Legacy system. (Courtesy of
Deltec, Inc., St. Paul, MN.)

Website
Alaris Medical Systems: www.alarismed.com
Medication safety systems in modular form are available to prevent
medication errors (Figs. 6-30 and 6-31).

FLuiD REMOVAL SYSTEM

The System 100 Fluid Removal System (CHF Solutions) is a mechanical
pump and ultrafiltration system engineered to remove excess fluid from
patients with fluid-overload via peripheral access. This pump can remove
2 to 3 L of excess fluid from the blood stream in 4 to 8 hours.

ﬂ- D BRAUN  Outlook” . |

.
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Figure 6-29 m Infusion pump with LV. safety systems: Dose Scan and Dose
Guard barcoding. Horizon Outlook. (Courtesy of B. Braun Medical Inc.,
Bethlehem, PA.)
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Figure 6-30 m Medication safety system: Modular point-of-care computer.
Medley medication safety system. (Courtesy of Alaris Medical Systems, San

Diego, CA.)

Image/Text rights unavailable

Figure 6-31 m Multichannel pumps. (A) Colleague CX volumetric infusion
pump. (Courtesy of Baxter International Inc., Round Lake, IL.) (B) The ASENA
infusion system with docking station. Volumetric pump and choice of syringe
pumps. (Courtesy of Alaris Medical Systems, San Diego, CA.)
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Website

CHEF Solutions: www.chfsolutions.com

Disposable Pumps

The elastomeric balloon pump system is a portable device with an elas-
tomeric reservoir, or balloon, that works on flow restrictions. The balloon,
which is made of a soft rubberized material capable of being inflated to a
predetermined volume, is safely encapsulated inside a rigid, transparent
container. When the reservoir is filled, the balloon exerts positive pressure
to administer the medication with an integrated flow restrictor that con-
trols the flow rate. This system requires no batteries or electronic pro-
gramming and is not reusable (Fig. 6-32).

Elastomeric balloon devices are used primarily for the delivery of
antibiotics. The typical volume for these devices is 50 to 100 mL, but these
balloons are available in sizes up to 250 mL.

Programming Electronic Infusion Devices

To be able to program any type EID, one needs to be familiar with the ter-
minology for delivering infusion and the device enhancements, including
alarms.

Infusion Terminology

B Rate: Amount of time over which a specific volume of fluid is deliv-
ered. Infusion pumps deliver in increments of milliliters per hour.
The most common rate parameters for regular infusion pumps are
1t0 999 mL/h. Many newer pumps are capable of setting rates that
offer parameters of 0.1 mL in increments of 0.1 to 99.9 mL, then in
1-mL increments up to 999 mL. Many newer pumps are capable of
setting rates that satisfy both regular infusion and microinfusion
needs. Better-quality pumps that offer combination rates do not
allow the rate to be set above 99.9 without a deliberate act to enter
the adult values.

B Volume infused: Measurement that tells how much of a given solu-
tion has been infused. This measurement is used to monitor the
amount of fluid infused in a shift. It can also be used in home health
to monitor the infusion periodically during the day or over several
days. The “counter” must be returned to 0 at the beginning of each
shift.

B Volume to be infused: Usually the amount of solution hanging in the
solution container. A pump is designed to sound an alarm when the
volume to be infused is reached.

® Tapering or ramping: These are terms that are used to describe the
progressive increase or decrease of the infusion rate. Pumps that
will increase or taper infusion rates are gaining popularity. The
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Image/Text rights unavailable

Figure 6-32 m Small-volume infusion pumps. (A) Eclipse elastomeric
pumps come in a variety of sizes ranging in volume from 50 to 500 mL.
(Courtesy of B. Braun Medical Inc., Bethlehem, PA.) (B) Infusor LV system.
(Courtesy of Baxter Interantional Inc., Round Lake, IL.)
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pump can use its own program to mathematically calculate the
ramping rate once the duration of infusion and total volume to be
infused is given.

® Timed infusion: This refers to an infusion governed by a 24-hour
clock within the device. With times infusion, the device must have
a sufficient internal back-up battery to maintain the clock accu-
rately at all times. Timed-infusions are used for ramping and taper-
ing, automatic piggybacking, and intermittent doing.

Enhancement Terminology

B Drop sensors: Used with a controller to confirm the presence or
absence of flow. The drop sensor is attached to the drop chamber of
the administration set or can be located internally on the controller
as the flow passes through a chamber.

@=—> NURSING FAST FACT!

The drop chamber must remain still to ensure that the counter senses or
detects each drop as it falls. Splashing or multiple drops result in sudden rate
changes.

Alarm Terminology

B Air-in-line: Designed to detect only visible bubbles or microscopic
bubbles. This alarm is necessary for all positive-pressure pumps
and infusion controllers. Volumetric pumps are usually equipped
with air-in-line detectors.

B Occlusion: Standard alarm for infusion devices. Controllers may be
able to indicate only “no flow.” With an occlusion alarm, controllers
are able to indicate upstream (between pump and container) or
downstream (between patient and pump) occlusion by absence
of flow. Many newer pumps are able to differentiate between
upstream (or proximal) and downstream (or distal) occlusions. This
is often detected by changes in pressure.

@=> NURSING FAST FACT!

In a number of EIDs, the pressure is “user” selectable from 0.10 to 10
psi. Occlusion alarms at low psi settings are common because the pumps are
sensitive to even slight changes in pressure and very small I.V. catheter or patient
movement. Many of the current EIDs infuse fluids using very low infusion pres-
sures, often lower than the pressure of a gravity delivery. These devices are not,
however, designed to detect infiltrations. When an infiltration occurs, the inline
pressure may actually drop; therefore, the EID will not detect the infiltration.
Visual monitoring of the I.V. site by a professional nurse is mandatory for patients
with EIDs.



Copyright © 2005 F.A. Davis Company

248 ™ ynir 2 > Basic Infusion Practice

Infusion complete: Alarm triggered by a preset volume limit (“infu-
sion complete”). These alarms are helpful in preventing the fluid
container from running dry because they can be set to sound before
the entire solution container is infused.

Low battery or low power: Gives the user ample warning of the
pump’s impending inability to function. A low-battery alarm
means that the batteries need to be replaced or external power
source needs to be connected. As a protective measure, when low-
battery and low-power alarms are continued over a preset number
of minutes, the pumps usually convert to a keep-vein-open (KVO)
rate. The preset KVO rate is usually between 0.1 and 5 mL.
Nonfunctional or malfunctional: Alarm that means the pump is oper-
ating outside parameters and the problem cannot be resolved.
When this alarm sounds, the pump should be disconnected from
the patient and returned to biomedical engineering or to the man-
ufacturer for evaluation. The alert signifying a nonfunctional alarm
may be worded in many ways, depending on the manufacturer.
Not infusing: Indicates that all of the pump infusion parameters are
not set. This feature prevents tampering or setting changes from
happening accidentally. The pump must be programmed or
changed and then told to “start.”

Parameters or timed-out: Reminds the programmer that all settings
have not been completed.

Tubing: Used generally with controllers. Ensures that the correct
tubing has been loaded into the pump. If tubing is incorrectly
loaded, this alarm will also sound.

Door: Indicates that the door that secures the tubing is not closed.
Cassette pumps may give a “cassette” alarm if the cassette is unable
to infuse within device operating parameters.

Free flow: Detects the rapid infusion of fluid, which can occur when
the set is removed from the pump. Disengaging the tubing from the
pump requires a deliberate act. Most newer devices have free-flow
protection, meaning that when the door is opened accidentally,
there should be no fluid flow to the patient without nurse inter-
vention.

Additional Electronic Infusion Device Enhancements

Many other functions have been added to newer pumps. These include:

Preprogrammed drug compatibility
Retrievable patient history data
Infiltration or thrombus detection alarm
Central venous pressure monitor
Positive pressure fill stroke

Modular self-diagnosing capability
Printer read-out

Nurse call system
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Remote site programming

Syringe use for secondary infusion

Adjustable occlusion pressures

Opaque infusions (for blood, fat emulsions, iron dextran)
Secondary rate settings

Lock level for security

Barcoding

NOTE > See Appendix A for a Summary of Recommendations from the CDC
(2002) on Procedures for Maintenance of Intravascular Catheters,
Administration Sets, and Parenteral Fluids.

NURSING PLAN OF CARE
PATIENTS RECEIVING PERIPHERAL
I.V. THERAPY

Focus Assessment

Subjective

® Knowledge of therapies and equipment used to deliver therapy
Objective

B Suitable vascular access device for length and type of therapy
B Adequate level of consciousness and compliance

Patient Outcome/Evaluation Criteria

Patient will:
B Demonstrate appropriate technique or procedures for self care.
B Be free of injury and complications associated with I.V. therapy:.

Nursing Diagnoses

B Risk for injury related to environmental conditions, lack of knowl-
edge regarding equipment

B Knowledge deficit related to new procedure and maintaining I.V.
therapy

B Impaired physical mobility related to placement and maintenance
of L.V. cannula

B Anxiety (mild, moderate, or severe) related to new equipment
technology

B Ineffective management of therapeutic regimen individual related

to noncompliance (cost
P ( ) (Continued on following page)



Copyright © 2005 F.A. Davis Company

250 ™ ynir 2 > Basic Infusion Practice

NURSING PLAN OF CARE
PATIENTS RECEIVING PERIPHERAL
I.V. THERAPY (Continued)

Nursing Management

1.

11.

12.

13.

14.

15.
16.

17.

Monitor to patient for:
a. breaks in the integrity of the infusion equipment
b. patient’s knowledge of equipment

. Help the patient and/or family identify potential areas of con-

flict; cultural mores, or cost

. Follow the manufacturer’s guidelines on the setup and mainte-

nance of specific EIDs.

. Select and prepare infusion pumps as indicated.
. Correct any malfunctioning equipment.
. Plug equipment into electrical outlets connected to an emergency

power source.

. Have equipment periodically checked by bioengineers as

appropriate.

. Set alarm limits on equipment as appropriate.
. Respond to equipment alarms appropriately.
. Consult with other healthcare team members and recommend

equipment and devices for patient use.

Compare machine-derived data with nurse’s perception of
patient’s condition.

Explain potential risks and benefits of using equipment technol-
ogy.

Follow INS Standards of Practice in rotation of I.V. sites, fluid
container, administration set, and dressing changes.

Maintain integrity of the infusion site, and equipment at all
times.

Use filters when appropriate.

Use appropriate administration set (vented or nonvented) with
the appropriate fluid container.

Inspect fluid containers, administration sets, and cannulas for
integrity before use.

m Instruct the patient by demonstrating the preparation and administration of
therapy.

m Teach the patient and family how to operate equipment, as appropriate.

m Advise the patient regarding pump alarms and advise him or her to contact
the nurse if the alarm is triggered.

m Instruct the patient and family on the use of PCA pumps for pain control.

Patient Education

(Continued on following page)
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m Teach the patient and family the expected patient outcomes and side effects
associated with using the equipment.

m Document the patient’s and family’s understanding of the education pro-
vided to them.

m Home Care lssues

Reimbursement is a challenge in the home care setting. Before any equipment
is acquired, the reimbursement status of the clientele served and the antici-
pated need should be thoroughly explored (Perucca, 2001).

Home care infusion devices are designed to allow the patient maximum
portability and freedom of movement. The aim is for small, quiet, lightweight
infusion pumps with pouches to enclose the infusion container. Equipment
used at home must offer safety features because the caregiver in most situa-
tions is the patient or family.

Equipment used frequently in home care management includes:

B Medical teaching dolls (Legacy Products): Facilitate visual, hands-on
approach to educate patients of all ages and families about vascular
access site, equipment, and procedures

B Vascular access devices: Easy to administer medication by home health-
care professional, patient, or family

B Tubing, connectors, and filters: Include needleless systems for use in
home to prevent needlestick injuries

B EIDs: Syringe pumps, elastomeric infusers, ambulatory pumps

B Premixed medications

B Transport storage pouch

B Types of infusion delivery systems include glass and plastic (rigid and
flexible).

B Check all solutions for clarity and expiration date. Squeeze to check for
leaks, floating particles, and clarity.

® Concerns over PVC and DEHP: The plasticizer phthalate (DEHP) is
added to many L.V. products for flexibility. EPA warns that PVC leaches
into I.V. solutions and toxic absorption can occur. Many new products
on market without DEHP.

B Administration sets
m Single-line sets: Most frequently used; follow INS standards for fre-

quency of set changes. Available in vented and nonvented sets.

m Primary (standard) set, volume-controlled sets
m Primary Y sets: Most often used with blood components
m Pump-specific sets: Used with EIDs
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m Lipid administration sets: Used with fat emulsion, which are sup-
plied in glass containers with special vented tubing

m Nitroglycerin administration sets

m Filters

m Inline L.V. solution filters

m Depth: Filters in which pore size is not uniform

m Membrane (screen): Air-venting, bacteria-retentive, 0.22-micron filter

m Blood filters

m Standard clot: 170 to 220 microns; used on blood administration sets
to remove coagulated products, microclots, and debris

m Microaggregate: 20, 40, and 80 microns; can be added to an in-use
blood administration set, permitting infusion of blood, and easy
replacement of the filter for delivery of multiple units

m Leukocyte depletion: Used to remove 95 to 99.9 percent of leukocytes
from red blood cells

B Adaptors and connectors

m J-, U-, or T-shaped ports that are used at the injection site. Add-on
devices add length for manipulation. Add-on devices are used only
when an integral system is not available to deliver the prescribed
therapy.

m Stopcocks

m Control the direction of flow of an infusate through manual manipu-

lation of a direction regulation valve
B Resealable locks (PRN device)

m Attach to hub of catheter and convert the cannula into an intermittent

device
B Needleless systems

m State-of-the-art technology to replace needles to connect L.V. devices

and administer infusates
B Peripheral infusion devices

m Scalp vein needles: For short-term therapy; odd-numbered gauges

m Over-the-needle catheters: For peripheral therapy, made from Teflon,
Vialon; even-numbered gauges

m Through-the-needle catheters: Example is a PICC

m Midline catheters: 6 inches long; indwelling time, 28 days

B Central infusion devices

m Percutaneous catheters

m Central venous tunneled catheters (CVTCs)

m Implantable ports: Closed system composed of implanted device
with reservoir, port, and self-sealing system; require the use of a non-
coring needle to access port

m Peripherally inserted central catheters (PICCs): Inserted peripherally
and threaded to the SVC; can be placed by physicians, nurses, or
nurse practitioners

B Infusion regulation devices

m EIDs
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m Controller: Used in 80 percent of situations requiring rate control
device; gravity-dependent; many are nonvolumetric; some volumet-
ric controllers available with peristaltic action
= Pumps
- Volumetric: Calibrated in milliliters per hour; require special cas-
sette or cartridge to be used with the machine, very accurate, and
used in delivery of high-potency drugs or when accuracy is
imperative

- Peristaltic: Calibrated in milliliters per hour; used primarily for
delivery of enteral feedings; have a rotary disk or rollers to com-
press tubing

- Syringe: Piston-driven pump that controls rate of infusion by drive
speed and syringe size

- Patient-controlled analgesia (PCA): Can be used at home or in hos-
pital to deliver pain medication

- Ambulatory infusion: Lightweight, compact infusion pumps

- Elastomeric balloons: Portable device designed with an elastomeric
reservoir for delivery of medication

Em Critical Thinking: Case Study

A pediatric client is admitted to the unit with pneumonia. A peripheral I.V.
is ordered. What equipment would you choose for this infusion and why?
What safety factors would you consider? What education would you pro-

vide the parents?

Media Link:  The answers to this case study and other critical think-
ing activities are on the enclosed CD-ROM.

Post-Test
In 1 through 5, match the term in Column I with the definition in
Column II.
Column I Column II
1. Cannula a. A female connection point of an LV.
cannula where the tubing or other
equipment attaches
2. Drip chamber b. Point of entry
3. Lumen c. Area of the L.V. tubing usually found
under the spike where the solution
drips and collects
4. Hub d. Space within an artery, vein, or catheter
5. Port e. A tube or sheath used for infusing

fluids
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6. When using a flexible plastic system, what type of administration
set could you choose?

a. Vented
b. Nonvented

c. Vented or nonvented; both work with this system

7. A 0.22-micron filter should be used when:
a. An additive has been combined with the solution
b. The patient is susceptible to infusion phlebitis
c¢. The infusion is delivered by the central route
d. All of the above
8. The standard blood administration set has a clot filter of how
many microns?
a. 170
b. 40
c. 20
d. 10

9. Microaggregate filters are used for:
a. Administration of protein solutions

b. Administration of whole blood and packed cells stored more
than 5 days

c. Removal of bacteria for infusion
d. Filtering air from the set

10. A disadvantage of the glass system is that it:
a. Is breakable and difficult to store
. Reacts with some solutions and medications
. May be difficult to read fluid levels
. May develop leaks

Qa n T

Media Link: Use the CD-ROM enclosed with this text for more prac-
tice test questions and answers along with rationales.
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B | EARNING Upon completion of this chapter, the reader will be able to:
OBJECTIVES 1. Define the terminology related to venous access.

2. Recall the anatomy and physiology related to the
venous system.

3. Identify the five tissue structures that the infusion
nurse must penetrate for a successful venipunc-
ture.

4. Identify the peripheral veins appropriate for
venipuncture.

5. List the factors affecting site selection.

6. Demonstrate Phillips” 15-step approach for initi-
ating I.V. therapy.

7. List the sites appropriate for labeling.

8. Identify the key components of the documenta-
tion process for peripheral L.V. therapy.

9. State the Infusion Nursing Standards of Practice
for peripheral infusions.

10. Recall the steps in performing a saline lock flush.

11. Describe the advantages and disadvantages of
resealable locking devices.

12. Identify the uses of lidocaine and topical creams
for initiating I.V. therapy.

13. Calculate drops per minute using varied drop-
factor tubing.

14. Apply the nursing process to care of individuals
receiving I.V. therapy:.

< GLOSSARY

Antimicrobial An agent that destroys or prevents the development of
microorganisms

Bevel Slanted edge on opening of a needle or cannula device

Cannula Hollow plastic tube used for accessing the vascular system

Dermis The corium layer of the skin composed of connective tissue,
blood vessels, nerves, muscles, lymphatics, hair follicles, and seba-
ceous and sudoriferous glands

Distal Farther from the heart; farthest from point of attachment (below
the previous site of cannulation)

Drop factor The number of drops needed to deliver 1 mL of fluid

Endothelial lining A thin layer of cells lining the blood vessels and
heart

Epidermis The outermost layer of skin covering the body, which is com-
posed of epithelial cells and is devoid of blood vessels
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Gauge Size of a cannula (catheter) opening; gradual measurements of
the outside diameter of a cannula

Macrodrip Drop factor of 10 to 20 drops equivalent to 1 mL based on
manufacturer

Microabrasion Superficial break in skin integrity that may predispose
the patient to infection

Microdrip Drop factor of 60 drops/mL

Palpation Examination by touch

Prime To fill the administration set with infusate for the first time

Proximal Nearest to the heart; closest point to attachment (above the
previous site of cannulation)

% Anatomy and Physiology Related
to L.V. Practice

To perform LV. therapy accurately, nurses must know the anatomy and
physiology of the skin and venous system and be familiar with the phys-
iologic response of veins to heat, cold, and stress. It is also important to
become familiar with the skin thickness and consistency at various sites.

Skin

The skin consists of two main layers, the epidermis and the dermis,
which overlie the superficial fascia. The epidermis, composed of squa-
mous cells that are less sensitive than underlying structures, is the first
line of defense against infections. The epidermis is thickest on the palms
of the hands and soles of the feet and is thinnest on the inner surfaces of
the extremities. Thickness varies with age and exposure to the elements,
such as wind and sun.

The dermis, a much thicker layer, is located directly below the epi-
dermis. The dermis consists of blood vessels, hair follicles, sweat glands,
sebaceous glands, small muscles, and nerves. As with the epidermis, the
thickness of the dermis varies with age and physical condition. The skin
is a special-sense touch organ, and the dermis reacts quickly to painful
stimuli, temperature changes, and pressure sensation. This is the most
painful layer during venipuncture because of the large amount of blood
vessels and the many nerves contained in this sheath.

The hypodermis, or fascia, lies below the epidermis and dermis and
provides a covering for the blood vessels. This connective tissue layer
varies in thickness and is found over the entire body surface. Because any
infection in the fascia, called superficial cellulitis, spreads easily through-
out the body, it is essential to use strict aseptic technique when inserting
infusion devices. This superficial tissue layer connects with deeper fascia
(Fig. 7-1).
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Figure 7-1 m Anatomy of skin.

Sensory Receptors

There are five types of sensory receptors, four of which affect parenteral
therapy. The sensory receptors transmit along afferent fibers. Many types
of stimulation, such as heat, light, cold, pressure, and sound, are
processed along the sensory receptors (Guyton & Hall, 2000). Sensory
receptors related to parenteral therapy include:

1. Mechanoreceptors, which process skin tactile sensations and deep
tissue sensation (palpation of veins)

2. Thermoreceptors, which process cold, warmth, and pain (applica-
tion of heat or cold)

3. Nociceptors, which process pain (puncture of vein for insertion of

the cannula)
4. Chemoreceptors, which process osmotic changes in blood and
decreased arterial pressure (decreased circulating blood volume)

@=>> NURSING FAST FACT!

To decrease the patient’s pain during venipuncture, keep the skin taut by
applying traction to it and move quickly through the skin layers and past the
pain receptors.
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> Table 7-1 COMPARISON OF ARTERY AND VEIN

Artery” Vein®

Thick-walled Thin-walled

25% of arterial wall 10% of vein wall

Lacks valves Greater distensibility

Pulsates Valves present approximately every 3 in

*Has three tissue layers.

Venous System

The body transport mechanism, the circulatory system, has two main
subdivisions—the cardiopulmonary and the systemic systems. The sys-
temic circulation, particularly the peripheral veins, is used in L.V. therapy.
Veins function similarly to arteries but are thinner and less muscular
(Table 7-1).

The wall of a vein is only 10 percent of the total diameter of the ves-
sel, compared with 25 percent in the artery. Because the vein is thin and
less muscular, it can distend easily, allowing for storage of large volumes
of blood under low pressure. Approximately 75 percent of the total blood
volume is contained in the veins.

Some veins have valves, particularly those that transport blood
against gravity, as in the lower extremities. Valves, made up of endothe-
lial leaflets, help prevent the distal reflux of blood. Valves occur at points
of branching, producing a noticeable bulge in the vessel (Smeltzer & Bare,
2003). Arteries and veins have three layers of tissue that form the wall: the
tunica intima, tunica adventitia, and tunica media (Fig. 7-2).

Image/Text rights unavailable

Figure 7-2 m Anatomy of a vein. (Source: Medical Economics Publishing,
Montvale, NJ, with permission.)



Copyright © 2005 F.A. Davis Company

262 ™ ynir 2 > Basic Infusion Practice

Venous blood flows slower in the periphery and increases in turbu-
lence in the larger veins of the thorax. This increased flow rate is an
important aspect in administering hypertonic fluids in larger vasculatures
(Fabian, 1998).

The following lists the amount of blood flow in certain veins:

B Cephalic and basilic veins: 45 to 95 mL/min
® Subclavian vein: 150 to 300 mL/min
B Superior vena cava: 2000 mL/min

Tunica Adventitia

The outermost layer, called the tunica adventitia, consists of connective
tissue that surrounds and supports a vessel. The blood supply of this
layer, called the vasa vasorum, nourishes both the adventitia and media
layers. Sometimes during venipuncture, you can feel a “pop” as you enter
the tunica adventitia.

Tunica Media

The middle layer, called the tunica media, is composed of muscular and
elastic tissue with nerve fibers for vasoconstriction and vasodilation. The
tunica media in a vein is not as strong and rigid as it is in an artery, so it
tends to collapse or distend as pressure decreases or increases.
Stimulation by change in temperature or mechanical or chemical irritation
can produce a response in this layer. For instance, cold blood or infusates
can produce spasms that impede blood flow and cause pain. Application
of heat promotes dilatation, which can relieve a spasm or improve blood
flow.

@=>> NURSING FAST FACT!

During venipuncture, if the tip of the catheter has nicked the tunica
adventitia or is placed in the tunica media layer, a small amount of blood will
appear in the catheter; however, the catheter will not thread because it is
trapped between layers. If you cannot get a steady backflow of blood, the needle
might be in this layer, so advance the stylet of the cannula slightly before
advancing the catheter.

Tunica Intima

The innermost layer, called the tunica intima, has one thin layer of cells,
referred to as the endothelial lining. The surface is smooth, allowing
blood to flow through vessels easily. Any roughening of this bed of cells
during venipuncture while the catheter is in place, or on discontinuing
the system, fosters the process of thrombosis formation and discomfort.
(See Chapter 9 for complications.)
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Veins of the Hands and Arms

Several veins can be used to infuse 1.V. fluids, but the veins of the hands
or arms are most commonly used (Figs. 7-3 and 7-4). When selecting
the best site, many factors must be considered, such as ease of insertion
and access, type of needle or catheter that can be used, and comfort
and safety for the patient. Table 7-2 provides information on identify-
ing and selecting the most effective I.V. site for the clinical situation of
the patient.

® Approaches to Venipuncture

Performing a successful venipuncture requires mastery and knowledge of
infusion therapy as well as psychomotor clinical skill. Many aseptic
approaches to venipuncture techniques provide safe parenteral therapy.
The Phillips 15-step venipuncture method, outlined in Table 7-3 and
explained in detail in this chapter, is an easy-to-remember step approach
for beginning practitioners.

The Infusion Nurses Society (INS) has developed the Infusion
Nursing Standards of Practice to protect patients and nurses who admin-
ister infusion therapy. Guidelines supporting quality client care have been
published by the Occupational Safety and Health Administration (OSHA)
and the Centers for Disease Control and Prevention (CDC). As a nurse ini-

Image/Text rights unavailable

Figure 7-3 m Superficial veins of
the dorsum of the hand. (Courtesy of
Becton Dickinson, Sandy, UT.)
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Image/Text rights unavailable

> Table 7-2

Figure 7-4 m Superficial veins of the
forearm. (Courtesy of Becton Dickinson,
Sandy, UT.)

SELECTING AN INSERTION SITE FOR THE SUPERFICIAL

VEINS OF THE DORSUM OF THE HAND AND THE ARM

Vein and Location

Insertion Device

Considerations

Digital
Lateral and dorsal
portions of the
fingers

Metacarpal
Dorsum of the hand
formed by union
of digital veins
between the
knuckles
Cephalic
Radial portion of the
lower arm along
the radial bone of
the forearm

Small-gauge cannula

20- to 22-gauge catheter

21- to 25-gauge steel
needle

20- to 22-gauge to %/,~1
inch in length over
the needle catheter

21- to 25-gauge steel
needle (short-term)

18- to 22-gauge cannu-
las, usually over-the-
needle catheter

Use a padded tongue blade to
splint the cannula.

Use only solutions that are
isotonic without additives
because of the risk of
infiltration.

Good site to begin therapy

Usually easily visualized

Avoid if infusing antibiotics,
potassium chloride, or
chemotherapeutic agents.

Large vein, easy to access

First use most distal section and
work upward for long-term
therapy

Useful for infusing blood
and chemically irritating
medications

(Continued on following page)
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Vein and Location

Insertion Device

Considerations

Basilic
Ulnar aspect of the
lower arm and
runs up the ulnar
bone

Accessory cephalic
Branches off the
cephalic vein
along the radial
bone

Upper cephalic
Radial aspect of
upper arm above
the elbow
Median antebrachial
Extends up the front
of the forearm
from the median
antecubital veins
Median basilic
Ulnar portion of the
forearm
Median cubital
Radial side of fore-
arm; crosses in
front of the brachial
artery at the antecu-
bital space
Antecubital
In the bend of the
elbow

18- to 22-gauge, usually
over-the-needle
catheter

18- to 22-gauge, usually
over-the-needle
catheter

16- to 20-gauge, usually
over-the-needle
catheter

18- to 22-gauge, usually
over-the-needle
catheter

18- to 22-gauge, usually
over-the-needle
catheter

16- to 22-gauge, usually
over-the-needle
catheter

All sizes especially 16-
to 18-gauge; used for
midline catheters and
peripherally inserted
central catheters and
blood collection

Difficult area to access

Large vein, easily palpated, but
moves easily; stabilize with
traction during venipuncture.

Often available after other sites
have been exhausted.

Medium to large size and easy to
stabilize

May be difficult to palpate in
persons with large amounts of
adipose tissue

Valves at cephalic junction may
prohibit cannula advancement

Short length may prohibit
cannula use

Difficult to visualize

Excellent site for confused
patients (who tend to pull at
their I.V. line)

Area has many nerve endings
and should be avoided

Infiltration occurs easily.

Good site for LV. therapy

Good site for L.V. therapy

Should be reserved for blood
draws for laboratory analysis
only, unless in an emergency

Uncomfortable placement site,
owing to the arm extending in
an unnatural position

Area difficult to splint with arm-
board

If used in an emergency situa-
tion, change site within 24
hours

tiating infusion therapy, be aware of these standards, as well as those of
your own institution (Elkin, Perry, & Potter, 2003).
INS standards have been integrated throughout the 15 steps.

Precannulation

Before initiating cannulation, you must follow steps 1 through 5:
checking the physician’s order, handwashing, preparing the equipment,
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> Table 7-3 PHILLIPS 15-STEP VENIPUNCTURE METHOD

Precannulation

1. Checking physician’s order

2. Hand hygiene

3. Equipment preparation

4. Patient assessment and psychological preparation
5. Site selection and vein dilation

Cannulation

6. Needle selection
7. Gloving
8. Site preparation
9. Vein entry, direct versus indirect
10. Catheter stabilization and dressing management

Postcannulation

11. Labeling

12. Equipment disposal
13. Patient education
14. Rate calculations
15. Documentation

assessing and preparing the patient, and selecting the vein and the
site of insertion.

Step 1: Checking the Physician’s Order

A physician’s order, other authorized individual, or standing order, is nec-
essary to initiate I.V. therapy. The order should be clear, concise, legible,
and complete. All I.V. solutions should be checked against the physician’s
order. The order should include:

Date and time of the day
Infusate name

Route of administration
Dosage of administration
Volume to be infused
Rate of infusion
Duration of infusion
Physician’s signature

P INS Standard. Verbal orders written by a nurse in the medical
record in a hospital setting should be signed by the prescriber
within an appropriate time frame.

Verbal orders taken in a home setting must be sent to the pre-
scriber for signature. (INS, 2000, 10)
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A written order is required for cannula placement in the arm of a
patient who has undergone a mastectomy or axillary node removal.
(INS, 2000)

Step 2: Hand Hygiene

Hand hygiene has been shown to significantly decrease the risk of con-
tamination and cross-contamination. Touch contamination is a common
cause of transfer of pathogens. Soap and water are adequate for hand-
washing before the insertion of a cannula; however, an antiseptic solution
such as chlorhexidine may be used. Wash hands for 15 to 20 seconds
before equipment preparation and before insertion of a catheter. Do not
apply hand lotion after handwashing (CDC, 2002). The agent that you use
for washing has an effect on effectiveness. Bar, powdered, leaflet, or lig-
uid soaps that do not contain an antibacterial agent are unacceptable for
surgical scrubs.
The CDC (2002) recommends the following for hand hygiene:

B Decontaminate hands after removing gloves.

B Before eating and after using a restroom, wash hands with a
non-antimicrobial soap and water or with antimicrobial soap and
water.

B Antimicrobial-impregnated wipes may be considered as an
alternative to washing hands with non-antimicrobial soap and
water.

B When using an alcohol-based hand gel, apply product to palm of
one hand and rub hands together, covering all surfaces of hands
and fingers until hands are dry.

Numerous studies have been published in the last decade that focus
on fingernails and infection control. The majority echoes the message—
that healthcare workers who wear artificial nails are more likely to harbor
pathogens than those who do not (Barber, 2003).

Do not wear artificial fingernails or extenders when having direct
contact with patients at high risk (those in intensive care units or operat-
ing rooms). Keep natural tips !/, inch long (CDC 2002).

P INS Standard. Hand washing shall be performed before and
immediately after all clinical procedures and after removal of
gloves. (INS, 2000, S25)

Several studies have demonstrated that skin underneath rings is more
heavily colonized than comparable areas of skin on fingers without rings.
Consideration should be give to limiting jewelry when delivering of
health care to patients who are immunocompromised or at high risk for
infection (CDC, 2002).
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Websites

Web-Based Hygiene Resources
CDC, Atlanta, Georgia: www.cdc.gov/ncidod/hip

Step 3: Equipment Preparation

Inspect the infusate container at the nurses’ station, in the clean utility, or
in the medication room. In modern practice, two systems are available—
glass system (open or closed) and plastic system (rigid or soft).

To check the glass system, hold the container up to the light to inspect
for cracks as evidenced by flashes of light. Glass systems are crystal clear.
Rotate the container and look for particulate contamination and cloudi-
ness. Inspect the seal and check the expiration date.

To check a plastic system, squeeze the soft plastic infusate container
to check for breaks in the integrity of the plastic; squeeze the system to
detect pinholes. Observe for any particulate contamination and check the
expiration date. The plastic systems are not crystal clear. The outer wrap
of the soft plastic systems should be dry.

Select either a vented or nonvented primary tubing set or a secondary
set, depending on the rationale for infusion. It is wise to “spike” the solu-
tion container and “prime” the administration set at the nurses’ station to
detect defective equipment. Choose the correct tubing to match the solu-
tion container. For closed glass, use vented only; for plastic, use either
vented or nonvented. (See Chapter 6 for more detailed information on I.V.
equipment.)

Step 4: Patient Assessment and Psychological Preparation

Selection of the vascular access device and insertion site requires integra-
tion of data obtained from the patient care issues, patient assessment, and
the specific infusion therapy prescribed. Selection of the vascular access
device requires collaboration efforts with input from physician, nurse,
patient, and caregiver (Otto, 2003). It is important to use step 4 to gather
the necessary information needed to perform a successful venipuncture
and infusion therapy.

First, provide privacy for the patient. Explain the procedure to mini-
mize his or her anxiety. Instruct the patient regarding the purpose of the
L.V. therapy, the procedure, what the physician has ordered in the infusate
and why, the mobility limitations, and signs and symptoms of potential
complications.

Evaluate the patient’s psychological preparedness for the I.V. proce-
dure by talking with him or her before assessing the vein. The nurse
should consider aspects such as autonomy, handedness, and independ-
ence, along with invasion of personal space when L.V. placement is neces-
sary. Often the patient has a fear of pain associated with venipuncture
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because of the lack of understanding or the memory of a previously neg-

ative

encounter related to necessity of the therapy.

Questions to ask the patient:

Step
Site s

What is your primary medical diagnosis?

Do you have a chronic disease that places you at risk of complica-
tions?

Do you have epilepsy?

Do you have a history of vasovagal reactions during venipuncture
or when you see blood?

Do you have fragile peripheral veins, and do they roll?

Have you had previous vascular access devices?

Will you be in one setting for the course of therapy or will you be
transferred to another setting?

If you will be going home with the access device, are you (or a care-
giver) willing to learn how to manage the device at home
(Hadaway, 1999)?

5: Site Selection and Vein Dilatation

election is based on INS standards.

P INS Standard. Vein selection shall include assessment of the
patient’s condition, age, and diagnosis; vein condition size and loca-
tion; and type and duration of therapy. The vein shall accommodate
the gauge and length of the cannula required by the prescribed ther-
apy. (INS, 2000 S49)

VEIN DILATATION

Several factors should be considered before a venipuncture is attempted.
These factors help nurses make competent choices of location for the infu-

sion.

1. Type of solution: Fluids that are hypertonic (i.e., more than 375
mOsm), such as antibiotics and potassium chloride, are irritating
to vein walls. Select a large vein in the forearm to initiate this ther-
apy. Start at the best, lowest vein.

2. Condition of vein: A soft, straight vein is the ideal choice for
venipuncture. Palpate the vein by moving the tips of the fingers
down the vein to observe how it refills. The dorsal metacarpal
veins in elderly patients are a poor choice because blood extrava-
sation (i.e., hematoma) occurs more readily in small, thin veins.
When a patient is hypovolemic, peripheral veins collapse more
quickly than larger veins.

Avoid:

m Bruised veins

m Red, swollen veins

m Veins near previously infected areas

m Sites near a previously discontinued site
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@ ©® CULTURAL AND ETHNIC CONSIDERATIONS:
l I PERFORMING I.V. THERAPY 7-1

Transcultural nursing is becoming a specialty field; however, every nurse
must use transcultural knowledge to facilitate culturally appropriate care.
Practitioners performing I.V. therapy must make every effort to deliver cul-
turally sensitive care that is free of inherent biases based on gender, race,
and religion.

Culturally diverse nursing care must take into account six cultural phe-
nomena that vary with application and use, yet are evident in all cultural
groups: (1) communication, (2) space, (3) social organization, (4) time,

(5) environmental control, and (6) biologic variations.

In preparing to perform I.V. therapy-related procedures on patients
from different cultures, it is important to remember some key guide-
lines:

m Plan care based on the communicated needs and cultural back-
ground.

m Learn as much as possible about the patient’s cultural customs and
beliefs.

m Encourage the patient to share cultural interpretations of health, ill-
ness, and health care.

m Be sensitive to the uniqueness of the patient.

m Identify sources of discrepancy between the patient’s and your own
concepts of health and illness.

m Communicate at the patient’s personal level of functioning.

m Modify communication approaches to meet cultural educational
needs.

m Understand that respect for the patient and his or her communication
needs is central to the therapeutic relationship.

m Communicate in a nonthreatening manner.

m Follow acceptable social and cultural amenities.

m Adopt special approaches when the patient speaks a different lan-
guage (e.g., translators or AT&T).

m Use a caring tone of voice and facial expression.

m Speak slowly and distinctly but not loudly.

m Use gestures, pictures, and play acting to help the patient under-
stand.

m Repeat the message in a different way.

m Be alert to words the patient seems to understand and use them fre-

quently.

Keep messages simple and repeat them.

Avoid using technical medical terms and abbreviations.

If available, use an appropriate language dictionary.

Use interpreters to improve communication (Giger & Davidhizar,

1999).
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. Duration of therapy: Choose a vein that supports I.V. therapy for at
least 72 hours. Start at the best, lowest vein. Use the hand only if
a nonirritating solution is being infused. Long courses of infusion
therapy make preservation of veins essential. Perform venipunc-
ture distally with each subsequent puncture proximal to previous
puncture and alternate arms.

Avoid:

4

m Ajoint flexion

m A vein too small for cannula size

. Cannula size: Hemodilution is important. The gauge of the can-
nula should be as small as possible. When performing transfusion
therapy, an 18-gauge catheter is preferred so the cellular portion
of blood will not be damaged during infusion.

. Patient age: Infants do not have the accessible sites that older chil-
dren and adults have owing to infants’ increased body fat. Veins
in the hands, feet, and antecubital region may be the only acces-
sible sites. Veins in elderly persons are usually fragile; approach
venipuncture gently and evaluate the need for a tourniquet
(Fabian, 1995).

@=> NURSING FAST FACT!

Fragile veins can be penetrated with less extravasation of blood if a

tourniquet is not used and an indirect (two-step) method is used.

6

10.

. Patient preference: Consider the patient’s personal feelings when
determining the catheter placement site. Evaluate the extremities,
taking into account the dominant hand.

. Patient activity: Ambulatory patients using crutches or a walker
will need cannula placement above the wrist so the hand can still
be used.

. Presence of disease or previous surgery: Patients with vascular dis-
ease or dehydration may have limited venous access. Avoid
phlebitis-infiltrated sites or a site of infection. If a patient has a
condition with poor vascular venous return, the affected side
must be avoided. Examples are cerebrovascular accident, mastec-
tomy, amputation, orthopedic surgery of the hand or arm, and
plastic surgery of the hand or arm.

. Presence of shunt or graft: Do not use a patient’s arm or hand that

has a patent graft or shunt for dialysis.

Patients receiving anticoagulation therapy: Patients receiving antico-

agulant therapy have a propensity to bleed. Local ecchymoses

and major hemorrhagic complications can be avoided if the nurse
is aware that the patient is taking anticoagulant therapy.

Precautions can be taken when initiating I.V. therapy. Venous dis-

tention can be accomplished with minimal tourniquet pressure.

Use the smallest cannula that will accommodate the vein and

deliver the ordered infusate. The dressing must be removed gen-

tly using alcohol or adhesive remover.
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11. Patient with allergies: Determine whether a patient has allergies.
Allergies to iodine need to be identified because iodine is con-
tained in products used to prep the skin before venipuncture.
Question the patient regarding allergies to shellfish. If there is a
doubt, use 70 percent isopropyl alcohol to prep the skin and
cleanse the ports. Other allergies of concern to delivery of safe
patient care include allergies to medications, foods, animals, and
environmental substances.

Websites

Allergy, Asthma, & Immunology Online: www.allergy.mcg.edu

Other sites:

@==> NURSING FAST FACTS!

Always question the patient regarding allergies before administering med-
ications, especially those given parenterally. Question patients on latex allergy
specifically.

Cannulation of the lower extremities in adults should be avoided, because
this increases the risk of thrombophlebitis and embolism (INS, 2000, 43).

There are many ways to increase the flow of blood in the upper
extremities. Factors affecting the capacity for dilatation are blood pres-
sure, presence of valves, sclerotic veins, and multiple previous I.V. sites.

The following list provides ways to dilate veins.

1. Gravity: Position the extremity lower than the heart for several
minutes.

2. Fist clenching: Instruct the patient to open and close his or her fist.
Squeezing a rubber ball or rolled washcloth works well.

3. Tapping: Using thumb and the second finger, flick the vein; this
releases histamines beneath the skin and causes dilatation.

4. Warm compresses: Apply warm towels to the extremity for 10 min-
utes. A new technology available is a warming mitt warmed to
52 degrees; alternatively, a passive warming mitt, which is not
heated, can be used for 15 minutes prior to venipuncture and dur-
ing the venipuncture procedure. In a recent study Walling and
Lenhardt (2003) found that the success rate for cannula insertion
was 94 percent with active warming. Do not use a microwave oven
to heat towels; the temperature can become too hot and cause a
burn.
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Blood pressure cuff: This is an excellent choice for vein dilatation.
Pump the cuff up slightly (e.g., about 30 mm Hg). This method pre-
vents constriction of the arterial system.

@=> NURSING FAST FACT!

Care must be exercised when using a blood pressure cuff not to start the

I.V. too close to the cuff, which causes excessive back pressure.

6.

Tourniquet: Apply the tourniquet 6 to 8 inches above the venipunc-
ture site if the blood pressure is within normal range. If the patient
is hypertensive, the tourniquet should be placed high on the
extremity; occasionally, the tourniquet is not needed in the case of
severely hypertensive patients. With hypotensive patients, move
the tourniquet as close as possible to the venipuncture site without
contamination of the prepped area. (See Chapter 10 for multiple
tourniquet techniques.)

@=> NURSING FAST FACT!

Use the tourniquet only once. Using the same tourniquet on more than

one patient can result in cross-contamination. Tourniquets may be sources of
latex exposure (INS, 2000, 42).

Use a nonlatex tourniquet (Becton Dickinson [1-800-237-2762] or

Baumgarten’s Plastiband [1-800-247-5547]) or place clothing or a stockinette
over the latex tourniquet.

P INS Standard. Site selection should be routinely initiated in the
distal areas of the upper extremities, and subsequent cannulation
should be made proximal to the previously cannulated site. Avoid
using veins at areas of flexion unless the area is immobilized. Veins
in the antecubital fossa should be reserved for peripheral central
line and midline access and for drawing blood samples. (INS,

2000, 43)

7.

Multiple tourniquets: Applying additional tourniquets to increase
the oncotic pressure and bring deep veins into view is discussed in
detail in Chapter 10.

. Transillumination: Use of a penlight or Venoscope to illumi-

nate veins in patients with dark skin is discussed in detail in
Chapter 9.

. Ultrasonography can be used to place peripheral I.V. catheters for

short-term therapy when traditional landmark methods for place-
ment fail (LaRue, 2000).
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Cannulation

Cannulation involves steps 6 through 10: selecting the needle, gloving,
preparing the site, direct or indirect entry into the vein, and stabilizing the
catheter and managing the dressing.

Nursing goals for choosing an appropriate site include the following:

B The site must tolerate the rate of flow.

B The site must be capable of delivering the medications ordered.

B The site must tolerate the gauge of cannula needed.

B The patient must be comfortable with the site chosen.

B The site must not impede the patient’s activities of daily living
(Fabian, 1998).

Table 7—4 presents tips for selecting veins.

Step 6: Needle Selection

Infusions may be delivered with a plastic or steel cannula. (See Chapter 6
for needle choice and sizes.) The choice of catheter depends on the pur-
pose of the infusion and the condition and availability of the veins. Steel
needles are generally avoided, except for bolus injections or infusions
lasting only a few hours. Inflexible steel needles greatly increase the risk
of vein injury and infiltration.

Catheters made of radiopaque material are the best quality. Most hos-
pitals, clinics, and home care agencies have policies and procedures for
the selection of catheters. Recommended gauges are:

B 18- to 20-gauge for infusion of hypertonic or isotonic solutions with
additives

B 18- to 20-gauge for blood administration

B 22- to 24-gauge for pediatric patients

B 22-gauge for fragile veins in elderly persons if unable to place a 20-
gauge catheter

> Table 7-4 TIPS FOR SELECTING VEINS

A suitable vein should feel relatively smooth, pliable with valves well spaced.

Veins will be difficult to stabilize in a patient who has recently lost weight.

Debilitated patients and those taking corticosteroids have fragile veins that bruise easily.
Sclerotic veins are common among narcotics addicts.

m Sclerotic veins are common among the elderly population.

= Dialysis patients usually know which veins are good for venipuncture.

m Start with distal veins and work proximally.

= Veins that feel bumpy, like running your finger over a cat’s tail, are usually thrombosed
or extremely valvular.
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The tip of the catheter should be inspected for integrity before
venipuncture to note the presence of burrs on the needle, peeling of
catheter material, or other abnormalities.

@==> NURSING FAST FACT!

Only two attempts at venipuncture are recommended because multiple
unsuccessful attempts cause unnecessary trauma to the patient and limit vascular
access. When aseptic technique is compromised (i.e., in an emergency situation),
the cannula is also considered compromised and a new catheter should be placed
within 24 hours.

P INS Standard. The cannula selected shall be the smallest gauge
and shortest length to accommodate the prescribed therapy.
Catheters shall be radiopaque. (INS, 2000, 44)

P INS Standard. A peripheral short catheter shall be removed
every 72 hours and immediately on suspected contamination, com-
plication, or therapy discontinuation. An organization that fails to
maintain an ongoing phlebitis rate of 5 percent or less with the prac-
tice of 72-hour catheter site rotation should return to a 48-hour site
rotation interval. (INS, 2000, 55)

Step 7: Gloving

The CDC (2002) recommends following standard precautions whenever
exposure to blood or body fluids is likely. Latex and vinyl gloves protect
wearers from contact with blood and body fluids. However, latex, a natu-
ral material, is more flexible than vinyl and molds to the wearer’s hand,
allowing freedom of movement. Its lattice-type structure allows tiny
punctures to reseal automatically.

@==> NURSING FAST FACT!

Latex and the powder used in the gloves are associated with potentially
severe allergic reactions in susceptible persons. Avoid using this material if you
have experienced any reactions to their use. (For more information on latex
allergy, see Chapter 1.)

Gloves made of polyvinyl chloride, the synthetic rubber known as
vinyl, do not reseal, are less flexible and less durable, and are of limited
usefulness in high-risk, heavy-usage situations.
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ANESTHETIC AGENTS

Although not all patients require anesthetics, the infusion nurse should
make an individualized determination for each patient. Factors to con-
sider include depth of insertion location of the vein, gauge of the needle,
composure of the patient, presence of allergies, patient preference, pay-
ment sources, and time available for adequate response (Moureau &
Zonderman, 2000).

NOTE > At this step, after donning gloves, the nurse would use a topical
transdermal cream, iontophoresis, or intradermal lidocaine 1 percent
injectable to produce anesthesia prior to skin preparation. Refer to
the section in this chapter on controversial practices for a description
of steps in use of these products.

Step 8: Site Preparation

Hair should be removed only with scissors or clippers. Shaving is not rec-
ommended because of the potential for microabrasions, which increase
the risk of infection. The use of depilatories is not recommended because
of the potential for allergic reactions. Electric hair removal devices are not
used unless they are effective and meet the criteria for preservation of
skin integrity (INS, 2000, 45).

Cleansing the insertion site reduces the potential for infection. The
following antimicrobial solutions may be used to prepare the cannula
site:

B Jodophor (povidone-iodine)
® 70 Percent isopropyl alcohol
® Chlorhexidine (ChloraPrep®; Med-Flex Hospital Products, Inc.)
B Tincture of iodine, 2 percent

A recent study (Hibbard, Mulberry & Brady, 2002) concluded that a 2
percent ChloraPrep® (combination of 2 percent chlorhexidine gluconate
and 70 percent isopropyl alcohol) significantly reduced microbial counts
over a 24-hour period of time and was not associated with skin irritation.
This study suggested that ChloraPrep® is an appropriate solution for use
in preparing a venipuncture site to help reduce the risk of nosocomial
infection.

Aqueous benzalkonium-like compounds and hexachlorophene
should not be used as preparatory solutions before venipuncture (INS,
2000, 54).

In preparing the site, use a vigorous circular motion, working from
the center outward to a diameter of 2 to 3 inches for 20 seconds. The solu-
tions should be allowed to air dry. Use 70 percent alcohol as a defatting
agent before application of the povidone-iodine. If the patient is allergic
to iodine, use 70 percent alcohol with friction for at least 30 seconds.
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P INS Standard. Do not apply 70 percent isopropyl alcohol after a
povidone-iodine prep because alcohol negates the effect of the
povidone-iodine. (INS, 2000, 47)

Step 9: Vein Entry

Gloves should be in place before venipuncture and kept on until after the
cannula is stabilized. Gloves should be removed only after the risk of
exposure to body fluids has been eliminated. Venipuncture can be
performed using a direct (one-step) or indirect (two-step) method.
The direct method is appropriate for small-gauge needles, fragile hand
veins or rolling veins and carries an increased risk of causing a hematoma.
The indirect method can be used for all venipunctures. Procedures
Display 7-1: Venipuncture describes the steps to use.

Image/Text rights unavailable

(Continued on following page)
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TROUBLESHOOTING TIPS
Common reasons for failure of venipuncture include:

B Failure to release the tourniquet promptly when the vein is suffi-
ciently cannulated. Intravascular oncotic pressure may cause bleed-
ing outside the vein.

B Using a “stop and start” technique that beginners who lack confi-
dence use. This tentative approach can injure the vein, causing
bruising.

B Inadequate vein stabilization. Not using traction to hold the vein
causes the stylet to push the vein aside.

B Failure to recognize that the cannula has gone through the opposite
vein wall.

B Stopping too soon after insertion so only the stylet, not the cannula,
enters the lumen (intima) of the vein. Blood return disappears
when the stylet is removed because the cannula is not in the lumen.

B Inserting the cannula too deeply, below the vein. This is evident
when the cannula won’t move freely because it is imbedded in fas-
cia or muscle. The patient also complains of severe discomfort.

B Failure to penetrate the vein wall because of improper insertion
angle (too steep or not steep enough), causing the cannula to ride
on top of or below the vein (Millam & Hadaway, 2000).

Step 10: Catheter Stabilization and Dressing Management
CATHETER STABILIZATION

The catheter should be stabilized in a manner that does not interfere with
visualization and evaluation of the site. Stabilization reduces the risk of
complications related to I.V. therapy such as phlebitis, infiltration, sepsis,
and cannula migration.

There are three methods appropriate for stabilization of the catheter
hub: the U method, the H method, and the chevron method (Table 7-5).

When tape is used, it should be applied only to the cannula hub or
wings and should not be applied directly to the skin—cannula junction site
(INS, 2000, 49).

Using an armboard to stabilize the catheter site is not usually neces-
sary with over-the-needle catheters. If it is necessary because of an erratic
flow rate caused by the patient’s frequent change of position, use a dis-
posable lightweight armboard. To absorb perspiration, cover the arm-
board with a washcloth or a paper cover (usually provided with
armboards). Secure the armboard with two or three pieces of double-
backed tape to protect the patient’s skin. Do not tape over the site but do
leave the patient’s fingers free for movement.

P INS Standard. Cannulas need to be stabilized in a manner that
does not interfere with assessment and monitoring of the infusion
site or impede delivery of the prescribed therapy. (INS, 2000, 49)
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STABILIZING THE CATHETER*

U Method

H Method

Chevron Method

Use for Winged Set

Use for Winged Set

Use for Winged Set

1. Cut three strips of 1. Cut three strips of 1- 1. Cover the venipuncture
!/,-inch tape. With inch tape. with transparent dressing
sticky side up, place 2. Place one strip of tape or 2 X 2 gauze dressing.
one strip under tub- over each wing, keep- 2. Cut a long 5- to 6-inch strip
ing. ing the tape parallel of I/;-inch tape. Place one

2. Bring each side of the with the needle. strip of tape, sticky side
tape up, folding it 3. Place another strip of under hub, parallel with the
over the wings of the tape perpendicular to dressing.
needle. Press it down, the first two. Place 3. Cross the end of the tape
parallel with the tub- over the wings to sta- over the opposite side of the
ing. bilize wings and hub. needle so that the tape

3. Loop the tubing and sticks to the patient’s skin.
secure it with a piece 4. Apply a piece of 1-inch tape

of 1-inch tape.

across the wings of the

chevron. Loop the tubing
and secure it with another
piece of 1-inch tape.

*For all methods, include on the last piece of tape the date, time of insertion, size of gauge, length of needle
or catheter, and your initials.

A new method of catheter securement became available in the 1990s
as an alternative to the traditional tape and/or suture securement. This
new method is an adhesive pad with an integrated posted retainer
designed to hold the catheter in place more securely than allowed by tape.
Statlock (Venetec International, San Diego, CA) is one manufacturer of
this sort of adhesive anchor/built-in retainer (Moureau & Lannucci,
2003). In addition, a very new device is the I.V. House UltraDressing with
flexible fabric to wrap around a patient’s hand after the L.V. is started. See
Figures 7-5 and 7-6.

JUNCTION SECUREMENT

The use of junction securement minimizes the risk of complications
related to infusion therapy. A method of securement should always be
used at junction points of I.V. tubing and add-on devices. Examples of
junction securement are Luer locks, clasping devices, and threaded
devices. The use of tape is not recommended because of the potential



Copyright © 2005 F.A. Davis Company

282 ™ ynir 2 > Basic Infusion Practice

Figure 7-5 m Statlock IV/PICC
catheter securement device. (Cour-
tesy of Venetec International, Mission
Viejo, CA.)

risks of air embolism and hemorrhage that may lead to a life-threatening
situation caused by separation of the L.V. system and risk of infection
(INS, 2000, 57).

DRESSING MANAGEMENT

There are two methods for dressing management: (1) a gauze dressing
secured with tape and (2) a transparent semipermeable membrane dress-

Figure 7-6 m 1.V. House UltraDressing that con-
sists of flexible fabric with thumb holes and a poly-
ethylene dome that wraps around a patient’s hand
after an LV. is started. This prevents accidental
snagging of the loop or catheter hub. (Courtesy of
1.V. House, Inc. Hazelwood, MO.)
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ing (TSM). A sterile gauze dressing can be applied aseptically with edges
secured with tape.

P INS Standard. Gauze dressings should be changed every 48
hours on peripheral sites or when the integrity of the dressing is
compromised. (INS, 2000, 50)

To apply the gauze dressing:

1. Cleanse the area of excess moisture after venipuncture.
2. Secure the cannula hub.
3. Apply the dressing.

P INS Standard. The use of a nonocclusive type adhesive bandage
strip in place of a gauze dressing is not recommended. (INS,
2000, 50)

Transparent semipermeable membrane dressings should be applied
aseptically and changed every 48 to 72 hours, depending on the standard
of practice within the institution. The dressing and catheter should be
replaced together, unless the integrity of the dressing is impaired; then
removal of the dressing with replacement of a new sterile TSM is
required. Do not use ointment of any kind under a TSM dressing.
Adhesive-coated semipermeable film is available from many manufactur-
ers. The TSM dressing should be applied only to the cannula hub and
wings.

To apply a TSM:

1. Cleanse the area of excess moisture after venipuncture.

2. Center the transparent dressing over cannula site and partially
over the hub.

3. Press down on the dressing, sealing the catheter site.

4. Apply tape to secure administration set. (See Procedures Display
7-2: Applying a Dressing.)

P INS Standard. TSM dressings should be changed on peripheral
short catheters at the time of site rotation or sooner if the integrity
has been compromised. (INS, 2000, 50)

@=> NURSING FAST FACTS!

= Do not put tape over the transparent film because it is difficult to
remove the transparent film when the dressing needs to be changed.

= Polyurethane dressings are semipermeable. That is, they are impervious
to extrinsic microbial contaminates and liquid-phase moisture and vari-
ably permeable to oxygen, carbon dioxide, and water vapor. Other
studies in healthy volunteers have shown little effect of these dressing
on the cutaneous flora.
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Advantages of TSM dressings include that they allow continuous
inspection of the site, are more comfortable than gauze and tape, and
permit patients to bathe and shower without saturating the dressing
(Maki & Mermel, 1998). A disadvantage of TSM dressings is that they are
more costly than gauze and tape (Maki & Mermel, 1998).

Ongoing clinical trials based on the knowledge that cutaneous occlu-
sive dressings with tape or impervious plastic films result in an explosive
increase in cutaneous microflora, with overgrowth of gram-negative
bacilli and yeast.

Step 11: Labeling

The I.V. setup should be labeled in three spots: the insertion site, the tub-
ing, and the solution container, which should be time stripped.

P INS Standard. Distinctive legible labeling shall provide perti-
nent and easily identified information relative to the cannula, dress-
ing, solution, medication, and administration set. (INS, 2000, 17)

1. The venipuncture site should be labeled on the side of the trans-
parent dressing or across the hub. Do not place the label over the
site bec