[image: image]


Understanding Pharmacology

Essentials for Medication Safety


2 EDITION

M. Linda Workman, PhD, RN, FAAN

Linda LaCharity, PhD, RN

[image: image]





Copyright

[image: image]

3251 Riverport Lane

St. Louis, Missouri 63043

UNDERSTANDING PHARMACOLOGY: ESSENTIALS FOR MEDICATION SAFETY, SECOND EDITION  ISBN: 978-1-4557-3976-9

Copyright © 2016, by Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. Details on how to seek permission, further information about the Publisher's permissions policies and our arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be noted herein).


Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the most current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be administered, to verify the recommended dose or formula, the method and duration of administration, and contraindications. It is the responsibility of practitioners, relying on their own experience and knowledge of their patients, to make diagnoses, to determine dosages and the best treatment for each individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the material herein.



Previous edition copyrighted 2011.

International Standard Book Number: 978-1-4557-3976-9

Senior Content Strategist: Nancy O'Brien

Content Development Manager: Ellen Wurm-Cutter, Laurie Gower

Content Development Specialist: Heather Rippetoe, Laura Goodrich

Publishing Services Manager: Jeff Patterson

Senior Project Manager: Jodi M. Willard

Design Direction: Renee Duenow

Printed in the United States of America

Last digit is the print number: 9 8 7 6 5 4 3 2 1

[image: image]





Dedication

To David, Emmy, and Violet, who complete my rainbow.

M. Linda Workman

To my mother, the late Routh Annette Jenkins. An extraordinary woman and the inspiration for my research and the shaping of my career.

Linda LaCharity





About the Authors

M. Linda Workman, a native of Canada, received her BSN from the University of Cincinnati College of Nursing and Health. She later earned her MSN and a PhD in Developmental Biology from the University of Cincinnati. Linda's more than 30 years of academic experience include teaching at the diploma, associate degree, baccalaureate, and master's levels. Her areas of teaching expertise include medical-surgical nursing, pharmacology, physiology, and pathophysiology. Linda has been called the “Mr. Rogers” of nursing education for her ability to creatively present complex physiologic concepts in a manner that promotes student retention of the information. She has been recognized nationally for her teaching expertise and has received Excellence in Teaching awards from Raymond Walters College, the University of Cincinnati, and Case Western Reserve University. Currently she consults with a variety of nursing programs on teaching and curricular issues and co-authors a medical-surgical nursing textbook (Ignatavicius and Workman: Medical-Surgical Nursing: Patient-Centered Collaborative Care) and a genetics textbook.

Linda LaCharity received her BSN from Kent State University's College of Nursing. During her career in the U.S. Army Nurse Corps, she earned an MN from the University of Washington in Seattle. Linda earned her PhD from the University of Cincinnati. She worked as a staff nurse and nurse manager in adult medical-surgical and critical care settings supervising RNs, LPN/LVNs, and nursing assistant staff. Linda's academic experience includes teaching EMTs and critical care nurses for the military and across the curriculum at the University of Cincinnati (BSN, MSN, Accelerated BSN/MSN, and PhD). Her area of teaching expertise in both classroom and patient care settings is adult health. She was director of the Accelerated Program and an Assistant Professor in the College of Nursing at the University of Cincinnati in Cincinnati, Ohio. Retired in 2013, she continues to write textbooks.





Reviewers and Advisory Board

REVIEWERS

Chris Bridgers PharmD

Saint Joseph's Hospital
Atlanta, Georgia

Andrew D. Case BSN, MSN

Professor of Human Anatomy, Physiology, and Pharmacology
Southeast Community College
Lincoln, Nebraska

Diane K. Daddario MSN, ACNS-BC, RN, BC, CMSRN

Clinical Nursing Instructor
Pennsylvania College of Technology
Williamsport, Pennsylvania

Michael Dorich PhD, CST, CAHI

Program Director, Surgical Technology
Pittsburgh Technical Institute
Oakdale, Pennsylvania

Gail E. Dunham MSN

Professor of Nursing
Mid Michigan Community College
Harrison, Michigan

Sally Flesch RN, BSN, MA, EdS, PhD

Coordinator, Professor
Practical Nursing Program
Black Hawk College
Moline, Illinois

Cathy Maddry MSN, MA, RN, Alumnus CCRN

Department Head
Heath Occupations
Northwest Louisiana Technical College
Minden Louisiana

Mary E. Stassi RN-BC

Health Occupations Coordinator
St. Charles Community College
Cottleville, Missouri

Claudia Stoffel MSN, RN, CNE

Practical Nursing Program Coordinator
West Kentucky Community and Technical College
Paducah, Kentucky

Audrey Tolouian MSN, BSW, (EdD)

Clinical Instructor, School of Nursing
University of Texas
El Paso, Texas

Erin Yesenosky MSN

Nursing Instructor
Greater Altoona Career & Technology Center
Altoona, Pennsylvania

ADVISORY BOARD

Nancy Bohnarczyk MA

Adjunct Instructor
College of Mount St. Vincent
New York, New York

Sharyn P. Boyle MSN, RN-BC

Instructor, Associate Degree Nursing
Passaic County Technical Institute
Wayne, New Jersey

Nicola Contreras BN, RN

Faculty
Galen College
San Antonio, Texas

Dolores Cotton MSN, RN

Practical Nursing Coordinator
Meridian Technology Center
Stillwater, Oklahoma

Sharon Gordon MSN, RN, CNOR-E

Practical Nursing Faculty
Lehigh Carbon Community College
Schnecksville, Pennsylvania

Nancy Haughton MSN, RN

Practical Nursing Program Faculty
Chester County Intermediate Unit
Downingtown, Pennsylvania

Shelly Hovis MS, RN

Director, Practical Nursing
Kiamichi Technology Centers
Antlers, Oklahoma

Dawn Johnson RN, MSN, Ed

Practical Nurse Program Director
Great Lakes Institute of Technology
Erie, Pennsylvania

Kristin Madigan RN, MS

Nursing Faculty
Pine Technical and Community College
Pine City, Minnesota

Hana Malik RN, MSN, FNP-BC

Academic Director
Illinois College of Nursing
Lombard, Illinois

Barb Ratliff RN, MSN

Associate Director of Health Programs
Butler Technology and Career Development Schools
Hamilton, Ohio

Faye Silverman RN, MSN/Ed, PHN, WOCN

Director of Professional Nursing
Kaplan College - North Hollywood Campus
North Hollywood, California

Russlyn A. St. John RN, MSN

Professor and Coordinator, Practical Nursing
Practical Nursing Department
St. Charles Community College
Cottleville, Missouri

Fleur de Liza Tobias-Cuyco BSC, CPhT

Dean, Director of Student Affairs, and Instructor
Preferred College of Nursing
Los Angeles, California




Preface

The authors of this text are nurses and educators with many decades of clinical and teaching experience. Our concept of what is needed in a pharmacology textbook is derived from the desire to create a book that will help students identify the most important content areas for safe drug administration and patient teaching. With this goal in mind, we developed a unique format based on four focus areas:


• Why specific drugs are prescribed as therapy for common health problems

• How different drugs work to induce their intended responses

• What critical actions and assessments to perform before and after administering drugs

• Which points are most important to teach patients about their drug therapy



Using these focus areas, we present pharmacology content in a framework that promotes in-depth learning versus rote memorization, which is truly essential in understanding the principles of pharmacology and safe drug administration. Interwoven within the textbook are areas that highlight specific safety issues with regard to medication administration. The impetus for this inclusion are the recommendations championed by the American Association of Colleges of Nursing, collectively known as the Quality and Safety Education for Nurses (QSEN) practice standards. Although this initiative is nursing based, the focus on safety must be a major directive for all health care professionals involved in the prescribing, preparing, dispensing, and administering aspects of drug therapy. Specific actions related to safety are noted with “QSEN” throughout the text.


Chapter Organization

The textbook has been expanded to accommodate requested information in content areas not presented in the first edition. These areas now include immunizations and drugs affecting the immune system, drug therapy for adrenal gland problems, nutritional supplements, drug therapy for musculoskeletal problems, and drug therapy for common problems of the male and female reproductive systems. The text has been reorganized into 10 units totaling 32 chapters to streamline access to specific content areas. Unit I provides an overview of general content important for safe medication administration. Unit II provides essential mathematical concepts and practice for safe dosage calculation. Unit III focuses on content that has application to many body systems, such as inflammation, infection, pain, and cancer. The remaining seven units are divided by the body system most closely associated with the specific drug therapy. For example, Unit V, Drug Therapy for Problems of the Circulatory and Cardiac Systems, is further divided into six chapters that include drug therapy affecting urine output, hypertension, heart failure, dysrhythmias, high blood lipids, and blood clotting. We believe this content arrangement synchronizes the information for students when they are studying specific health problems and issues. Although information regarding normal physiology and pathophysiology is still presented, this information has been streamlined to promote the pharmacology focus of the text.

Our presentation style for the content of this text is direct, active, and clear. Health care terms and related physiological mechanisms are explained in clear, straightforward, everyday language to promote better student understanding and application of the content in the clinical setting. Photographs and other illustrations have been selected and developed to better explain drug administration techniques, drug actions, and appropriate health care interventions.

Chapter Objectives presented at the beginning of each chapter focus the student on “need to know” information, clarifying which issues have the highest priority for safe drug administration. A list of Key Terms includes phonetic pronunciations, definitions, and page numbers where each term is first used.

The mathematics review chapters (Chapters 3, 4, and 5) are written in a self-paced, guided-study format and contain easy-to-understand explanations and examples. Try This! boxes provide more than 150 practice questions within these chapters, in addition to the end-of-chapter review material. Answers to these exercises are found at the end of the chapters.

In-text drug tables outline the most common drugs used to treat highlighted disorders and diseases. Generic and trade names and common dosage ranges for adults and children are included.

Discussion sections on “What To Do Before,” “What To Do After,” and “What to Teach Patients” about each highlighted drug or drug category emphasize the important aspects of drug administration, monitoring, follow-up, and patient teaching.

Life Span Considerations sections receive particular attention in most chapters. Differences in actions, the risks for side effects, precautions, or dosing for pediatric patients, pregnant or breastfeeding patients, or older adults are presented as appropriate for each drug class.

A Get Ready for Practice! section at the end of each chapter features Key Points, Additional Learning Resources, Review Questions, and Critical Thinking Activities.


• Key Points emphasize selected need-to-know content from the chapter to help students study for tests and certification/licensure exams.

• Additional Learning Resources sections refer students to related review material in the accompanying Study Guide and on the Evolve website at http://evolve.elsevier.com/Workman/pharmacology/.

• Review Questions correspond item-by-item with the Objectives at the beginning of the chapter. Drug calculation questions are also included in this section. Answers to the Review Questions are located on the Evolve site. These review questions are divided by basic and advanced level concepts.

• Critical Thinking Activities are true-to-practice case studies that present issues and problems requiring clinical decision making related to individual patients receiving pharmacologic therapy. Answer guidelines to the questions are available on the secure Evolve instructor website at http://evolve.elsevier.com/Workman/pharmacology/.






Learner-Friendly Instructional Design

One of the most innovative features of this text is its unique instructional design. A single column presents the narrative, and a wide margin is used to reinforce important concepts and prevent medication errors with special boxed features. This wide margin also allows generous space for note-taking. Special learning features found in the wide margin include the following:


[image: image] Drug Alert! boxes help reinforce crucial actions or interventions, teaching, and drug administration information. Each of these boxes is classified into one of five categories: Teaching, Interaction, Administration, Dosage, or Action/Intervention.

[image: image] Memory Jogger boxes highlight and summarize essential information, including major categories of drugs and the diseases they are used to treat.

[image: image] Clinical Pitfall boxes focus on information vital for safe practice and medication administration.

[image: image] Common Side Effects boxes focus on individual drug groups and feature unique icons that promote rapid recognition.

[image: image] Do Not Confuse boxes highlight look-alike/sound-alike drug names.

[image: image] Did You Know? boxes help students link pharmacology content to the world around them.

[image: image] Cultural Awareness boxes emphasize important cultural considerations related to pharmacology.



We believe you'll find that the authors and publisher have crafted a balance of these features to minimize wasted space and at the same time promote in-depth learning versus rote memorization.




Teaching and Learning Package


For Students

A companion Study Guide, available for purchase at elsevier.com, features a variety of engaging learning activities that complement those in the textbook. Clinically focused Medication Safety Practice questions and a Practice Quiz are provided in each chapter along with a variety of other Learning Activities that promote an understanding of pharmacology and safe drug administration.

The Evolve website at http://evolve.elsevier.com/Workman/pharmacology/ provides free student learning resources that include the following:


• Over 390 Interactive Review Questions in multiple-choice and alternate item formats, with rationales for correct and incorrect answers, help students review important chapter material.

• Answer Keys are provided for the in-text Review Questions, in-text Critical Thinking Activities, and Study Guide.

• Video Clips explain important concepts from anatomy and physiology to drug administration and are keyed to the text by distinctive icons.

• Twelve interactive Drug Dosage Calculators offer a quick way to calculate IV dosages, body surface area, oral doses, and more.

• An extensive Spanish/English Audio Glossary provides a vast array of health care–related terms and their definitions (with audio) in both English and Spanish.

• A collection of Essential Drug Patient Teaching Handouts can be used to provide patients with information on almost any available drug in both English and Spanish.




For Instructors

The comprehensive Evolve Resources with TEACH Instructor Resource provides everything a new or seasoned instructor will need to teach the content, including the following:


• TEACH Lesson Plans, based on textbook Objectives, tie together the text and all other learning resources in ready-to-use, customizable lessons.

• A high-quality Test Bank, delivered in ExamView, RTF, and ParTest formats, as well as within the Assessment area of Evolve, contains more than 1200 test items created by the authors. Approximately 50% of these items are written at the Applying or higher cognitive level of Bloom's taxonomy. Each question includes the correct answer, rationale, and cognitive level, as well as corresponding textbook page numbers, where appropriate (page numbers are not appropriate for questions at the Applying level or above because they draw on multiple sources of information).

• A collection of PowerPoint Lecture Slides with Audience Response System Questions highlight key concepts and discussion in the text.

• An Image Collection contains every reproducible image from the text. Images are suitable for incorporation into classroom lectures, PowerPoint presentations, or distance-learning applications.



Understanding Pharmacology: Essentials for Medication Safety, together with its fully integrated multimedia ancillary package, provides the tools needed to fully understand pharmacology principles and how to apply them effectively and safely in today's health care environment. For more information on any of these innovative companion publications, or if you simply wish to provide us feedback, please contact your Elsevier sales representative, visit us at http://www.us.elsevierhealth.com/, or contact Elsevier Faculty Support at 1-800-222-9570 or sales.inquiry@elsevier.com.
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Understanding Pharmacology: Essentials for Medication Safety, 2nd edition, focuses on an understanding of pharmacology principles and safety of drug administration by using clear, everyday language. Full-color illustrations and a unique, user-friendly design accompany practical, understandable discussions of important drugs and drug classes.
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Unit I

General Aspects of Pharmacology

Outline


Chapter 1 Drug Regulation, Actions, and Responses

Chapter 2 Safely Preparing and Giving Drugs






Chapter 1

Drug Regulation, Actions, and Responses


Objectives

After studying this chapter you should be able to:


1. Define the common terms associated with drug therapy.

2. Explain the differences of a drug therapeutic effect (intended action), a drug side effect, and an adverse drug effect.

3. Compare the activity of a cell when an agonist drug binds to the receptor and when an antagonist drug binds to the receptor.

4. Explain the similarities and differences between allergic responses and personal responses to drugs.

5. Explain the purposes, advantages, and disadvantages of the different routes of drug administration.

6. Describe the processes and organs involved in drug metabolism and elimination.

7. Explain the influence of drug half-life, peak blood level, and trough of blood level on drug activity.

8. Describe the ways in which drug therapy for children differs from drug therapy for adults.

9. Describe two changes in older adults that make drug action, drug metabolism, and drug elimination different from that of younger adults.

10. Explain how pregnancy and breastfeeding should be taken into consideration with drug therapy.






Key Terms


absorption (ăb-SŌRP-shŭn) (p. 11)Movement of a drug from the outside of the body into the bloodstream.



adverse drug reaction (ADR) (ĂD-vŭrs DRŬG rē-ĂK-shŭn) (p. 8)Same as adverse effect.



adverse effect (ĂD-vŭrs ĕf-FĔKT) (p. 8)A drug effect that is more severe than expected and has the potential to damage tissue or cause serious health problems. It may also be called a toxic effect or toxicity and usually requires intervention by the prescriber.



agonist (ĂG-ŏn-ĭst) (p. 6)An extrinsic drug that activates the receptor site of a cell and mimics the actions of naturally occurring body substances (intrinsic drugs).



allergic response (ă-LŬR-jĭk rē-SPŎNS) (p. 9)Type of adverse effect in which the presence of the drug stimulates the release of histamine and other body chemicals that cause inflammatory reactions. The response may be as mild as a rash or as severe and life threatening as anaphylaxis.



antagonist (ăn-TĂG-ŏn-ĭst) (p. 7)An extrinsic drug that blocks the receptor site of a cell, preventing the naturally occurring body substance from binding to the receptor.



bioavailability (bĪ-ō-ă-vāl-ă-BĬL-ĭ-tē) (p. 11)The percentage of a drug dose that actually reaches the blood.



black box warning (BLĂK BŎKS WŌR-nĭng) (p. 9)A notice that a drug may produce serious or even life-threatening effects in some people in addition to its beneficial effects.



brand name (BRĂND NĀM) (p. 4)A manufacturer-owned name of a generic drug; also called “trade name” or “proprietary name.”



contraindication (KŎN-tră-ĭn-dĭ-KĀ-shŭn) (p. 9)A personal or health-related reason for not administering a specific drug to a patient or group of patients.



cytotoxic (sī-tō-TŎKS-ĭk) (p. 8)Drug action that is intended to kill a cell or an organism.



distribution (dĭs-trĭ-BYŪ-shŭn) (p. 14)(drug distribution) The extent that a drug absorbed into the bloodstream spreads into the three body water compartments.



drug (DRŬG) (p. 2)Any small molecule that changes any body function by working at the chemical and cell levels.



drug therapy (DRŬG THĀR-ă-pē) (p. 3)The planned use of a drug to prevent or improve a health problem.



duration of action (dū-RĀ-shŭn of ĂK-shŭn) (p. 11)The length of time a drug is present in the blood at or above the level needed to produce an effect or response.



elimination (ē-lĭm-ĭ-NĀ-shŭn) (p. 15)The removal of drugs from the body accomplished by certain body systems.



enteral route (ĔN-tĕr-ŭl ROWT) (p. 11)Movement of drugs from the outside of the body to the inside using the gastrointestinal tract.



first-pass loss (FŬRST PĂS LŎS) (p. 15)Rapid inactivation or elimination of oral drugs as a result of liver metabolism.



generic name (jĕn-ĀR-ĭk NĀM) (p. 3)National and international public drug name created by the United States Adopted Names (USAN) Council to indicate the usual use or chemical composition of a drug.



half-life (HĂF LĪF) (p. 16)Time span needed for one half of a drug dose to be eliminated.



high-alert drug (HĪ ă-LŬRT DRŬG) (p. 4)A drug that has an increased risk for causing patient harm if it is used in error.



intended action (ĭn-TĔN-dĕd ĂK-shŭn) (p. 3)Desired effect (main effect) of a drug on specific body cells or tissues; same as therapeutic response.



loading dose (LŌ-dĭng DŌS) (p. 16)The first dose of a drug that is larger than all subsequent doses of the same drug; used when it takes more drug to reach steady state than it does to maintain it.



mechanism of action (MĔK-ă-nĭz-ŭm of ĂK-shŭn) (p. 6)Exactly how, at the cellular level, a drug changes the activity of a cell.



medication (mĕ-dĭ-KĀ-shŭn) (p. 2)Any small molecule that changes any body function by working at the chemical and cell levels (same as a drug).



metabolism (mĕ-TĂB-ō-lĭz-ĭm) (p. 14)(drug metabolism) Chemical reaction in the body that changes the chemical shape and content of a drug, preparing the drug for inactivation and elimination.



minimum effective concentration (MEC) (MĬN-ĭ-mŭm ĕf-FĔK-tĭv kŏn-sĕn-TRĀ-shŭn) (p. 10)The smallest amount of drug necessary in the blood or target tissue to result in a measurable intended action.



over-the-counter (OTC) (Ō-vŭr THĒ KOWN-tŭr) (p. 4)Drugs that are approved for purchase without a prescription.



parenteral route (pă-RĔN-tĕr-ăl ROWT) (p. 11)Movement of a drug from the outside of the body to the inside of the body by injection (intra-arterial, intravenous, intramuscular, subcutaneous, intradermal, intracavitary, intraosseous, intrathecal).



peak (PĒK) (p. 17)Maximum blood drug level.



percutaneous route (pĕr-kū-TĀN-ē-ŭs ROWT) (p. 11)Movement of a drug from the outside of the body to the inside through the skin or mucous membranes.



pharmacodynamics (făr-mă-kō-dĪ-NĂM-ĭks) (p. 5)Ways in which drugs work to change body function.



pharmacokinetics (făr-mă-kō-kĭn-ĔT-ĭks) (p. 10)How the body changes drugs; drug metabolism.



pharmacology (făr-mă-KŎL-ō-jē) (p. 3)The science and study of drugs and their actions on living animals.



physiologic effect (fĭ-zē-ō-LŎ-jĭk ēf-FĔKT) (p. 8)The change in body function as an outcome of the mechanism of action of a drug.



potency (PŌ-tĕn-sē) (p. 11)The strength of the intended action produced at a given drug dose.



prescription (prē-SKRĬP-shŭn) (p. 4)An order written or dictated by a state-approved prescriber for a specific drug therapy for a specific patient.



prescription drugs (prē-SKRĬP-shŭn DRŬGZ) (p. 4)The legal status of any drug that is considered unsafe for self-medication or has a potential for addiction and is only available by a prescription written by a state-approved health care professional.



receptors (rē-SĔP-TŬRZ) (p. 6)Physical place on or in a cell where a drug can bind and interact.



side effects (SĪD ē-FĔKTS) (p. 3)Any minor effect of a drug on body cells or tissues that is not the intended action of a drug.



steady state (STĔD-ē STĀT) (p. 11)Point at which drug elimination is balanced with drug entry, resulting in a constant effective blood level of the drug.



target tissue (TĂR-gĕt TĬ-shū) (p. 6)The actual cells or tissues affected by the mechanism of action or intended actions of a specific drug.



transdermal (trănz-DŬR-mŭl) (p. 12)Type of percutaneous drug delivery in which the drug is applied to the skin, passes through the skin, and enters the bloodstream.



trough (TRŎF) (p. 17)The lowest or minimal blood drug level.



vaporized (VĀ-pŭr-īzd) (p. 15)Changing of a drug from a liquid form to a gas or mist that can be absorbed into the body by inhalation.





Drug Therapy


Overview

When used appropriately, drugs can help prevent, reduce, or correct a health problem. Some health problems are minor or temporary. Other health problems are complicated, serious, or chronic and require long-term treatment and monitoring. Drugs are often used to diagnose or treat health problems. A drug is any small molecule that changes a body function by working at the chemical and cell levels. So, many everyday substances are drugs, including caffeine, alcohol, and nicotine. Some drugs are manufactured from chemicals, others are taken from plants, and still others are taken from a person or animal to be used by another person. For example, insulin can be made in a laboratory, or it can be taken from the pancreas of a cow or pig and given to humans. (There are no plant sources of insulin.)

Some people use the term medication for substances that are used to treat health problems and the term drug for substances that are harmful or can be abused. However, these terms mean the same thing, and any drug or medication can be misused.


[image: image] Memory Jogger

Any drug (medication) can be misused and harm a person.



When a plan to prevent or improve a health problem includes the use of drugs, it is called drug therapy. Drug therapy includes these factors:


• Identifying the specific health problem

• Determining what drug or drugs would best help the problem

• Deciding the best delivery method and schedule

• Ensuring that the proper amount of the drug is given

• Helping the patient become an active participant in his or her drug therapy



The prescriber's role in drug therapy is to select and order specific drugs. The authority to prescribe varies by state. State-approved prescribers may include physicians, dentists, podiatrists, advanced practice nurses, and physician's assistants. The pharmacist's role is to mix (compound) and dispense prescribed drugs. The pharmacy technician's role is to mix and dispense prescribed drugs under the direction of a registered pharmacist. The nurse's role is to administer prescribed drugs directly to the patient. In some states, medical assistants can administer drugs to patients under the direction of a prescriber or other licensed health professional. Because nurses often are the last checkpoint for safe drug therapy, they must know the purposes, actions, side effects, problems, delivery methods, and necessary follow-up care for different drugs. Along with prescribers and pharmacists, nurses teach patients about the drugs they have been prescribed.


[image: image] Memory Jogger

Professionals who may prescribe drugs vary by state and may include physicians, advanced practice nurses, dentists, podiatrists, physician's assistants, and veterinarians.



It is important to understand the interactions and mechanisms by which various types of drugs influence body activity. Drugs are prescribed or used to improve some body condition or function. But the body actually makes some of its own drugs in the form of hormones, enzymes, growth factors, and other substances that change the activity of cells. The chemicals the body makes are called intrinsic drugs—the insulin made by the pancreas is one example of an intrinsic drug. Other drugs are made outside of the body and must be taken into the body to change cell, organ, or body action. These drugs are known as extrinsic drugs because the body does not make them. The study of drugs and how they work (pharmacology) is concerned mainly with extrinsic drugs. However, many effective extrinsic drugs are nearly identical to the drugs the body creates. For example, the body makes endorphin, which is very similar to the extrinsic drug morphine. Morphine is a very effective pain reliever because it has the same action as endorphin at the cell level.


[image: image] Memory Jogger

Your body actually makes drugs. Drugs made by the body are called intrinsic drugs.



Any drug affects some tissue or organ in the body. The reason a drug is prescribed is that it has at least one desired effect that improves body function; this is called the intended action or the therapeutic response. Think about a drug that widens (dilates) blood vessels and thereby lowers blood pressure. The therapeutic response of such a drug is to lower blood pressure; thus it is classified as an antihypertensive drug. In addition to its intended action or therapeutic response, there may be many minor changes in body function that occur when the drug is taken. These minor effects of a drug on body cells or tissues that are not the intended actions are known as side effects. Side effects can be helpful or may cause problems. For example, a drug to treat high blood pressure (hypertension) that widens blood vessels also may cause the side effects of dizziness and ankle swelling. All drugs have at least one intended action and at least one side effect. The safety of any drug is determined by balancing the seriousness of the side effects against the benefit of the therapeutic effect.


[image: image] Memory Jogger

All drugs have at least one intended action and at least one side effect.




Drug Names

Most drugs have more than one name, which can be confusing. There are three types of drug names: the chemical name, the generic name, and the brand name (trade name). The chemical name of a drug describes the exact chemical composition of atoms and molecules for the main ingredient of the drug. For example, the chemical name for Cozaar is: 2-butyl-4-chloro-1-[p-(O-1H-tetrazol-5 phenyl)benzyl] imidazole-5-methanol monopotassium salt. Chemical names are used only by the chemists who develop and manufacture the drug.


[image: image] Did You Know?

The chemical name of a drug is not used by patients or health care providers.



The generic name of a drug is a shorter, simpler name used by pharmacists, physicians, nurses, and other health care professionals. The generic name for Cozaar is losartan. The United States Adopted Names (USAN) Council creates the generic names used for all drugs made in the United States. The rules used to name drugs help to ensure that the generic name is relatively short, gives some clue as to its use or chemical composition, and does not sound too much like any other known drug name. Often some part of all generic names for drugs of one class (also known as a “drug family”) will be the same. For example, all the generic names for blood pressure control drugs that are angiotensin II receptor antagonists (also known as angiotensin receptor blockers [ARBs]) end in “-sartan,” (such as eprosartan, losartan, telmisartan). Most beta-blockers end in “-olol” (such as atenolol, metoprolol, and propranolol). After the generic name is approved, it is public and not owned by any one drug company. When a generic drug name is written, the first letter is not capitalized.
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The generic name of a drug often has some part that is the same for all drugs in that class or “family.”



Brand names are created by each drug company that makes and sells a specific drug. Other terms for “brand name” are proprietary name and trade name. Each company owns its brand names. For example, many drug companies make aspirin, and each one has its own recognized brand name for it. St. Joseph Aspirin is the aspirin made by the McNeil Company; Bufferin is the aspirin made by Bristol-Myers Squibb. The first letter of a brand name is always capitalized, and the name will often be followed by either the symbol ® (for registered trademark) or ™ (for trademark).




Drug Categories

Any drug has the potential to harm a person if it is taken improperly or in large quantities. Some drugs have more powerful and dangerous effects than others. The U.S. government has classified drugs into two categories based on their potential for harm. These categories are over-the-counter drugs and prescription drugs.


Over-the-Counter Drugs

Drugs that are weaker and have less potential for harmful side effects are available for purchase without a prescription. These drugs are called over-the-counter (OTC) drugs. OTC drugs are considered safe for self-medication when the package directions for dosage and schedule are followed. Examples of OTC drug types include aspirin, antacids, vitamin supplements, and antihistamines. These drugs may be sold almost anywhere.
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OTC drugs can be harmful when directions for dosage and schedule are not followed.



OTC drugs are convenient and allow you to control your own health care to some extent. However, some problems do exist with OTC drugs. Many patients do not consider them to be even slightly dangerous. All drugs, even vitamins, can be misused and cause harmful side effects when taken too often or in high doses. In addition, some people do not consider OTC drugs to be “real drugs” and may not mention them when they are asked what drugs they take on a daily basis. An OTC drug can cause health problems and may also interact with prescription drugs. Always ask specifically whether a patient takes any OTC drugs daily.


[image: image] Drug Alert!

Interaction Alert



When taking a history, always ask what specific OTC drugs the patient uses daily.

QSEN: Safety






Prescription Drugs

Drugs that have a greater potential for harm, strong sedating effects, or a potential for addiction are considered too dangerous for self-medication. These drugs are classified as prescription drugs and are available only from a pharmacy with a drug order from a state-authorized prescriber. A prescription is an order written or dictated by a state-approved prescriber for a specific drug therapy for a specific patient.




High-Alert Drugs

Some prescription drugs have the designation of high-alert drugs. A high-alert drug has an increased risk for causing a patient harm if it is used in error. The error may be a dose that is too high, a dose that is too low, a dose given to a patient for whom it was not prescribed, and a dose not given to a patient for whom it was prescribed. One way to remember the more commonly prescribed high-alert drugs is with the term PINCH. In this term, P is for potassium, I is for insulin, N is for narcotics (more commonly called opioids), C is for cancer chemotherapy agents, and H is for heparin or any other drug that strongly affects blood clotting. Although calculating drug dosages and administering drugs always requires care and concentration, extra care is needed when calculating and administering high-alert drugs. When possible, always check the order for a high-alert drug with another licensed health care professional or pharmacist. Specific high-alert drugs are highlighted throughout the clinical chapters of this textbook.
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One way to remember the more commonly prescribed high-alert drugs is with the term PINCH: Potassium, Insulin, Narcotics (more commonly called opioids), Cancer chemotherapy agents, and Heparin or any other drug that strongly affects blood clotting.




[image: image] Drug Alert!

Administration Alert



Always check the order for a high-alert drug with another licensed health care professional or pharmacist.

QSEN: Safety






Herbal Products

Herbals are natural products made from plants that cause a response in the body similar to that of a drug. Many herbal products, also called botanicals, have been used as drug therapy for centuries. This area of drug therapy is the least defined, least understood, and least regulated. Such products are available for sale almost everywhere, and individuals may even grow, collect, or make their own. Use of these products with or without the supervision of a prescriber is often termed herbal therapy, homeopathic therapy, natural therapy, or alternative therapy.
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Herbal preparations are not regulated for effectiveness, purity, or drug strength.



An even bigger problem is that most people who use herbal preparations consider them to be “natural” and therefore safe. However, herbal products do have cellular effects that can be harmful or interact with other drugs. For example, both white willow bark products and gingko biloba reduce blood clotting. If either of these is taken by a person who is also taking the prescription drug warfarin (Coumadin), the risk for a brain hemorrhage is high. When asked what drugs he or she is taking, a patient may not even mention herbal preparations that are taken on a daily basis, increasing the risk for an interaction with a prescribed drug.


[image: image] Drug Alert!

Action/Intervention Alert



When taking a history, always be sure to ask what specific herbal products the patient uses on a daily basis, including the brand names and the amounts.

QSEN: Safety



Because many people consider herbal products to be safe, they may take large quantities of the products, believing that if one dose is good, five doses must be even better. For example, many people use the juice of the stinging nettle as a natural diuretic. It does increase urine output, but excessive doses cause dehydration and low blood potassium levels (hypokalemia).

Your responsibility with herbal therapy is to obtain correct information about what specific herbal products a patient is using and make sure that the prescriber is aware of this information. You also can help a patient understand the proper uses for and potential problems with specific herbal therapies.







Drug Regulation

The United States Pharmacopeia (USP) is a national group responsible for developing standards for drug manufacturing, including purity, strength, packaging, and labeling. The Food and Drug Administration (FDA) is the U.S. government agency that is responsible for enforcing the standards set by the USP. The FDA and the USP work together to ensure continuing public protection and drug safety.

Another drug regulating body is the U.S. Drug Enforcement Administration (DEA). All prescribers within the United States must register with the DEA and obtain a DEA number for full prescriptive authority. Additionally, the DEA is responsible for enforcing all drug laws with regard to controlled substances and illegal drugs. This administration has categorized drugs that have a potential for addiction or abuse as “controlled substances.” These substances are further classified by the degree of their potential for addiction and abuse into one of five “schedules.” See Table 7-1 in Chapter 7 for the definitions and classifications of the schedule system.







Ways in Which Drugs Affect the Body (Pharmacodynamics)


Mechanisms of Action

An important aspect of drug therapy is pharmacodynamics, or how the drug works to change body function. Think of this as what the drug does to the body. Drugs affect body function by changing the activity levels of individual cells. Remember that each body cell has at least one job that it must perform to make the whole body function correctly. The job that any cell performs can be slowed, stopped, or speeded up when that cell is exposed to a specific drug. Exactly how a drug changes the activity of a cell is its mechanism of action. Most cells have receptors that control their activity. The actual cells or tissues affected by the mechanism of action or intended actions of a drug are known as the target tissues.


Receptors

Receptors are places on or in a cell where a drug can attach itself (bind) and control cell activity. In this way, the receptor acts as an ignition site for the cell's motor. When the right key (drug) is placed in the ignition (receptor) and turned, the cell motor starts, and the cell performs its special job better or faster. The right key for the ignition can be either an intrinsic drug such as the adrenaline made by the adrenal glands or an extrinsic drug such as epinephrine. (Chemically, epinephrine is almost identical to human adrenaline.) When the adrenal glands make and release adrenaline, it binds to adrenaline receptor sites on the heart muscle cells and makes those cells contract more strongly and rapidly. This action causes increased heart rate and higher blood pressure. When epinephrine is injected into a person, it binds to those same adrenaline receptor sites on the heart muscle cells and causes the same effects that adrenaline does. Figure 1-1 shows how cell receptors are used to control cell activity.
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Receptors are physical places on or in cells that can bind with and respond to naturally occurring body chemicals. Their purpose is to control cell activity to meet the body's needs.



[image: image]
FIGURE 1-1 Receptors controlling cell activity.





A cell can have more than one type of receptor; thus different drugs can affect the same cell in different ways. Figure 1-2 shows why a cell can respond to more than one drug. A cell can respond to a drug by changing its activity only when the proper drug fits into its receptor. If the wrong drug attempts to bind to a receptor, it will not activate that receptor—just as using the wrong key in a car ignition will not start the motor.
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A cell can respond to a drug by increasing its activity only when the drug fits into the receptor of the cell.
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FIGURE 1-2 Cell with two types of receptors, unbound and bound.





Many types of drugs work through cell receptors. These receptors can be on the surface of a cell or actually inside the cell. A cell with a receptor for a specific drug is known as the target for that drug. For example, the target of morphine is most brain cells (neurons) that perceive pain. Drug types that work by affecting cell receptors include opioid pain drugs, drugs for high blood pressure, diuretics, insulin, antihistamines, anti-inflammatory drugs, and antidiabetic drugs, to name only a few. For example, cells that are targets for antihistamines are those that have histamine receptors on their surfaces, such as mucous membrane cells, blood vessel cells, cells that line the airways, and stomach lining cells.


Receptor Agonists.

When an extrinsic drug binds to the receptor of a cell and causes the same response that an intrinsic drug does, the extrinsic drug is called a receptor agonist because it is the right key to turn on that cell's ignition. Extrinsic drugs that are agonists have the same effects as the body's own hormones or natural substances (intrinsic drugs) that activate or turn on a specific receptor type in or on a cell (Figure 1-3).
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FIGURE 1-3 Comparison of cell activity when receptor sites are bound with different substances.





Agonist drugs must interact with the correct receptor for the drug to change the activity of the cell. Some agonist drugs change this activity to the same degree that intrinsic drugs do (see Figure 1-3, B). Other agonist drugs work but not quite as well as the intrinsic drug. Still other agonist drugs work more powerfully than intrinsic drugs (see Figure 1-3, C). Agonist drug strength is determined by how tightly the drug binds to the receptor and how long it stays bound. The more tightly bound a drug is to its receptor and the longer it stays attached, the stronger the effect of the drug on the activity of the cell. For example, hydromorphone (Dilaudid) is an opioid agonist that binds to the opioid receptor better than morphine does. As a result, hydromorphone provides longer pain relief at lower doses than morphine.
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The effectiveness of an agonist drug depends on how tightly and how long it binds to its receptor.






Receptor Antagonists.

Sometimes the goal of drug therapy is to slow the activity of a cell. One way drugs can do this is by blocking the receptors of the cell so the intrinsic drug cannot bind with and activate the receptor. An extrinsic drug that works by blocking the receptor sites is called a receptor antagonist. An antagonist drug must be similar enough in shape to the intrinsic drug so it will bind with the receptor but not tightly enough or correctly enough to activate it. Antagonist action is like taking the key from one Chevrolet Impala and trying to start the motor of a different Chevrolet Impala. The key may fit into the ignition slot, but it will not turn on the motor. Instead, as long as the wrong key is in the ignition slot, the correct key cannot be placed in the slot, and the car does not run. The antagonist competes with the intrinsic drug for the receptor sites, blocking the receptors and slowing or stopping the activity of the cell. Antagonists have effects that are opposite of agonists. Figure 1-4 shows how antagonist drugs exert their effects on cells.
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Agonists are drugs that act like naturally occurring drugs and “turn on” receptors when they bind, speeding up cell action. Antagonists bind to receptors but “block” them, slowing cell action.
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FIGURE 1-4 Comparison of cell activity when receptor sites are bound with the naturally occurring substance (intrinsic drug) (A) and with an extrinsic drug that is an antagonist (B) (blocks the receptor site, preventing the naturally occurring substance from binding).





Receptors are the sites of direct action for many drugs. The final cell action when a drug binds to its receptor depends on both the nature of the drug (agonist or antagonist) and the nature of the receptor. Some drugs can act as agonists for certain cells and as antagonists for other cells. For example, epinephrine acts like an agonist when it binds to its receptors on heart muscle cells, making them contract more strongly and quickly. However, when epinephrine binds to muscle cells in the airways, it acts like an antagonist, causing these cells to relax rather than contract. Thus sometimes the same drug speeds up the activity of some cells and at the same time slows the activity of other cells. This is why you need to know the mechanism of action for each drug to understand both its intended actions and side effects. For example, when a person uses an epinephrine inhaler to widen the lung airways and breathe more easily, this is the intended action of the drug. The side effects are a more rapid heart rate and higher blood pressure.








Nonreceptor Actions

Some drugs exert their effects in a manner different from doing so through a receptor. Examples of drug types that do not use cell receptors to exert their effects include antibacterial drugs, cancer chemotherapy drugs, and most drugs that reduce blood clotting. The exact mechanism of action varies for each drug type that does not use receptors. For example, the targets of antibacterial drugs are bacteria. These drugs are either deadly (cytotoxic) to these organisms or prevent them from reproducing.




Physiologic Effects

The outcome of the mechanism of action of a drug is its physiologic effect. Usually this effect can be felt by the patient or measured or observed by another person. For example, a drug that binds to airway receptors and dilates the airways has the physiologic effect of improving airflow in the airways. The improved airflow leads to better gas exchange. The patient notices easier breathing and you can observe improved oxygen saturation (SpO2).

Both expected and unexpected patient responses are part of physiologic effects. These include intended actions, side effects, and adverse effects. Two specific types of adverse effects are allergic responses and personal (idiosyncratic) responses.


Intended Actions

The intended actions or therapeutic responses of a drug are the desired effect that improves body function and are the reason a drug is prescribed. All approved drugs have at least one expected intended action, and many have more than one.




Side Effects

Drug side effects are one or more effects on body cells or tissues that are not the intended action of drug therapy. All drugs have side effects. Generally side effects are the most common mild changes that occur in at least 10% of patients receiving a drug. These effects are expected but do not occur in all patients. Many are related to the mechanism of action of the drug and are temporary, resolving when the drug is discontinued. For example, people who take an oral penicillin for more than 5 days often develop diarrhea. This problem usually stops within 2 to 3 days after the drug is no longer taken. Although some side effects may be uncomfortable and may cause the patient to avoid a specific drug, they usually are not harmful. Examples of common side effects include:


• Constipation with the use of opioid analgesics

• Sexual disinterest or impotency with the use of certain antidepressants

• Diarrhea with the use of penicillin and other antibacterial drugs

• Drowsiness with the use of certain antihistamines

• Decreased blood clotting with the use of aspirin



Some drug side effects may even become a therapeutic effect. For example, aspirin has several therapeutic effects involved with pain relief, fever reduction, and reduction of inflammation. One of its side effects, decreased blood clotting, is now an intended action for prevention of heart attack (myocardial infarction).
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Drug side effects are expected, are mild, and may not occur in all patients.






Adverse Effects

A drug adverse effect or an adverse drug reaction (ADR) is a harmful side effect that is more severe than expected and has the potential to damage tissue or cause serious health problems. It may also be called a toxic effect or a toxicity. Often these effects occur with higher drug doses and are rare when the patient is taking normal doses of a specific drug. For example, many patients have the side effect of diarrhea when taking an antibacterial drug for 10 to 14 days. A few may have such severe diarrhea that they become dehydrated. At higher doses, a very few patients may develop the adverse effect of pseudomembranous colitis, which is profound bloody diarrhea and infection that can lead to complications such as perforation of the colon.

Although adverse effects are not common, it is important to know what types of ADRs and their signs and symptoms may occur with a specific drug so any problems are identified and managed early. Examples of ADRs include:


• Muscle breakdown with the use of “statin-type” cholesterol-lowering drugs

• Lung fibrosis with the use of amiodarone (a drug to correct abnormal heart rhythms)

• Pseudomembranous colitis with the use of antibacterial drugs such as amoxicillin and vancomycin

• Stevens-Johnson syndrome, a rare and severe skin reaction (Figure 1-5)

[image: image]
FIGURE 1-5 Steven's Johnson syndrome.







Usually when a patient has an adverse effect to a drug, he or she is taken off the drug. However, at times the patient requires the intended action, and the drug cannot be discontinued. In such cases, other precautions then are taken to limit tissue and organ damage.
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An ADR is rare and serious and has the potential to damage organs (cause toxicities). Usually when a patient has an ADR, the drug is stopped.



Stevens-Johnson syndrome may result in a variety of rashes and skin blistering. The patient may lose body fluid and become dehydrated. The skin can slough, and the patient may then require skin grafts to restore skin integrity. Although this adverse reaction is more common as a response to some classes of drugs, it can occur as a result of any drug therapy.

Some adverse effects occur so commonly with a specific drug that the drug is removed from the market. Other drugs may continue to be prescribed but carry a black box warning. A black box warning means that a drug may produce serious or even life-threatening effects in some people in addition to its beneficial effects. This warning is printed on the package insert sheet and is bordered in black. Prescribers are instructed to make certain that such drugs are prescribed only for patients who meet strict criteria and who understand the serious nature of the possible adverse effects.
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Drugs that carry a black box warning have more severe side effects and should only be used in patients for whom the potential benefits outweigh the possible drug risks.




Allergic Responses.

An allergic response is a type of adverse effect in which the presence of the drug stimulates the release of histamine and other substances that cause inflammatory reactions. It may be as mild as a skin rash or as severe and life threatening as anaphylaxis. Anaphylaxis is a severe inflammatory response with these symptoms:


• Tightness in the chest

• Difficulty breathing

• Low blood pressure

• Hives on the skin

• Swelling of the face, mouth, and throat (angioedema)

• Weak, thready pulse

• A sense that something bad is happening
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Anaphylaxis is the most severe type of allergic reaction to a drug and can lead to death if not treated quickly.



If not recognized and treated quickly, anaphylaxis can lead to vascular collapse, shock, and death. The patient who develops a skin rash, hives, or mild throat swelling within hours or days of taking a drug may develop a more severe response and anaphylaxis the next time he or she takes the same drug. Usually when the person has a true allergic response to a drug, that drug and any from the same drug family should not be prescribed for him or her. This is known as a contraindication, which is a personal or health-related reason for not administering a specific drug to a patient or group of patients. Not all contraindications are for allergies. For example, a drug known to cause birth defects is considered an absolute contraindication for anyone who is pregnant. Another example is when two drugs interact very badly; one may be contraindicated for the time a patient is prescribed to take the other drug.

Another allergic reaction that can occur after weeks, months, and even years of therapy with a specific drug is angioedema. Although angioedema can occur in any part of the body, it is most serious when it occurs in the face and neck. The tongue, lips, and lower face swell to the point that the person has a hard time talking and may not be able to swallow (Figure 1-6). The swelling can extend to the throat, which is life threatening because the airway can become too narrow to breathe. Some of the more common drugs associated with angioedema include the angiotensin-converting enzyme inhibitors (ACE inhibitors) and some powerful antibiotics. People may not associate the problem with a drug they are taking because they may take the drug a long time before angioedema occurs. Patients experiencing angioedema should go to the nearest emergency department immediately and take all of their medications with them.


[image: image] Drug Alert!

Administration Alert



When a person has a true allergic response to a drug, do not administer that drug or any drug from the same drug family without additional precautions.

QSEN: Safety
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FIGURE 1-6 Angioedema of the face, lips, and mouth.








Personal/Idiosyncratic Responses.

Personal responses, also known as idiosyncratic responses, are unexpected adverse effects that are unique to the patient and not related to the drug's mechanism of action. They are not true allergies but are related to the person's genetic differences in metabolism or immune function. For example, patients who have a deficiency of the enzyme glucose-6-phosphate dehydrogenase develop hemolytic anemia when they take the drug primaquine to prevent malaria.

Although the exact cause of personal responses is not always known, the effects can be severe and life threatening. For the purposes of prevention, they are documented in the patient's chart in the same way as severe drug allergies.


[image: image] Drug Alert!

Action/Intervention Alert



Ask the patient about any adverse reactions, including allergic and personal reactions (idiosyncratic reactions), and record these in the patient's chart.

QSEN: Safety















How the Body Uses and Changes Drugs (Pharmacokinetics)

Most drugs must enter the body to produce their intended actions. Once a drug enters a living human body, the body exerts its effects on the drug. This process is known as pharmacokinetics. After absorption, the drug is affecting the body at the same time the body is affecting the drug. The body affects a drug by changing the structure of the drug so it can be inactivated and eliminated from the body. This “processing” of drugs by the body is why drugs must be taken repeatedly (for days and sometimes more than once each day) to continue to exert their intended actions. If drugs were never inactivated or eliminated, one dose would last for years and so would its intended actions and side effects.
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At the same time that a drug is having an effect on the body, the body is also having an effect on the drug.



A drug must enter the body and reach a high enough constant level in the blood or target tissue to produce the intended action. The lowest blood level needed to cause the intended action is known as the minimum effective concentration (MEC) (Figure 1-7). If the body eliminates the drug faster than it enters the body, the drug level at any given time will not be great enough to produce the intended action. If the body eliminates the drug more slowly than it enters the body, the drug level could become high enough to cause more side effects or adverse effects. For a drug to do its job and produce the intended action without causing harm to the patient, its level in the blood has to be maintained by balancing drug entry with drug elimination. This balance, known as a steady-state drug level, keeps the amount of drug in the body high enough to produce the intended action continuously (Figure 1-8). The body processes drugs through the stages of absorption, distribution, metabolism, and elimination.
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FIGURE 1-7 Minimum effective concentration (MEC) and blood level needed to allow the intended action to occur.
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FIGURE 1-8 Comparison of body levels of drug when drug entry and elimination are balanced and unbalanced.





How long a drug remains in the blood at the MEC is its duration of action. The duration of action is one way to describe the potency of a drug. Drug potency is the strength of the intended action produced at a given dose. Drugs that have higher potency need lower doses to produce an intended action. Drugs that are less potent require higher doses to produce the same intended action. The longer a drug dose stays active in the body at or above the MEC, the more potent it is. In general, less potent drugs have fewer expected side effects but may need to be taken more often. A more potent drug may need to be taken only once or twice daily to achieve the intended action.
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Drugs that have higher potency need lower doses to produce an intended action. Drugs that are less potent require higher doses to produce the same intended action.




Absorption

Drugs must come into contact with their target cells to cause a cell to change its activity. Extrinsic drugs must enter the body and get into the bloodstream to find their target cells. The movement of a drug from the outside of the body into the bloodstream is called absorption. The amount of a drug dose that actually reaches the blood is its bioavailability. If an entire drug dose reaches the bloodstream, its bioavailability is 100%. When only part of a drug dose gets into the blood, that drug is less than 100% bioavailable.

Drugs can enter the body in many ways:


• The percutaneous route means that the drug enters through the skin or mucous membranes.

• The enteral route refers to the gastrointestinal tract.

• The parenteral route means that the drug is injected into the body.



Table 1-1 lists the different routes of drug entry and their advantages and disadvantages. Chapter 2 describes how to administer drugs by these routes, along with any specific precautions needed.
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The three main drug entry routes are the percutaneous route, the enteral route, and the parenteral route.




Table 1-1

Advantages and Disadvantages of Drug Entry Routes



	Route
	Advantages
	Disadvantages




	Percutaneous
	Convenient
	Absorption dependent on circulation



	 Transdermal
	Bypasses gastrointestinal tract
Large selection of body areas
	Absorption less predictable
Can lead to skin breakdown



	 Sublingual
	Less invasive
Rapid absorption
	Effect is reduced when patient eats or drinks



	 Buccal
	Less invasive/obtrusive
	Effect is reduced when patient eats or drinks



	 Rectal*

	Usually painless
	Embarrassing



	Enteral
	Convenient
High patient acceptance
Least expensive route because drugs need only to be clean, not sterile
Large surface area for absorption
	Can cause gastrointestinal disturbance
First-pass loss
Can bind to other substances in the tract and not get absorbed
Absorption dependent on motility; has great individual variation



	Parenteral
	Speed
100% bioavailability
Decreased first-pass loss
	Speed
Invasive administration
Increased cost because drugs need to be sterile rather than just clean
Discomfort





*Rectal drug delivery can be either percutaneous or enteral depending on how far into the rectum the drug is placed. Drugs placed within the lowest 1.5 inches are considered delivered by the percutaneous route. Those placed higher in the rectum are considered delivered by the enteral route.





Drugs are prepared differently by the manufacturer, depending on their intended routes. For example, drugs given by the parenteral route must be sterile, but those given by the enteral route only need to be clean, not sterile. Some drugs prepared for the enteral route may have special coatings (enteric coatings) on them. These coatings either prevent the drugs from harming the stomach lining or prevent some of the enzymes and other substances in the digestive tract from destroying the drug before it can be absorbed. 


[image: image] Clinical Pitfall

Do not give a drug that is prepared to be given by one route by any other route.

QSEN: Safety




Percutaneous Route

The percutaneous route of drug entry is the movement of the drug from the outside of the body to the inside through the skin or mucous membranes. Only lipid-soluble drugs—those that easily dissolve in lipids (fats) rather than water—can be absorbed percutaneously.

One method of the percutaneous route is transdermal delivery. In this method the drug is applied to the skin, passes through the skin, and enters the bloodstream to affect an internal organ. For example, nitroglycerin paste applied to the skin dissolves through the skin, then enters the bloodstream, and finally exerts its effect on blood vessels in the heart. Other drugs that are often given by this route using skin patches include certain types of pain medications and continuous hormone treatments.

Some drugs can be given through the mucous membranes of the mouth, nose, lungs, rectum, or vagina and have effects on deeper tissues. Mucous membranes have many blood vessels close to the surface, making movement of the drug through the membranes and into the bloodstream rapid and easy. Drugs given this way can be placed as tablets under the tongue or between the gum and the cheek, sprayed in the nose or under the tongue, inhaled through the nose or mouth, or placed as a liquid or a suppository in the rectum or vagina (see Figures 2-5, 2-16, and 2-17). Examples of drugs that can be given this way include hormones, pain medications, drugs for nausea and vomiting, and anesthetic agents.
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Mucous membranes have many blood vessels close to the surface, making movement of the drug through the membranes and into the bloodstream rapid.






Enteral Route

The enteral route of drug delivery is the movement of drugs from the outside of the body to the inside using the gastrointestinal (GI) tract. It is the most commonly used route of drug administration, and drugs are swallowed as liquids, tablets, or capsules. Most drugs that can be taken by mouth can also be placed directly into the stomach or intestines through a tube or into the rectum (when prescribed to do so). Once the drug is in the GI tract, it must dissolve and enter the bloodstream before it can exert its effects on target cells. Usually not all of a drug taken enterally enters the blood, and thus these drugs have less bioavailability than those given by the parenteral route. Enteral drugs are often given in higher doses than the same drug given parenterally just for this reason.
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Oral drugs have the least predictable absorption pattern.
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Drugs given by mouth usually require higher doses than the same drugs when given intravenously.



Absorption of oral drugs is affected by anything occurring in the stomach or intestines. Diarrhea can move drugs through the intestine so quickly that they are eliminated rather than absorbed. Food in the stomach or intestines slows or delays absorption. For this reason, some drugs such as the tetracycline antibiotics are not to be taken with food or milk. On the other hand, taking some oral drugs when the stomach is empty can cause such rapid absorption that the effects can occur too quickly and harm the patient.

Rectal drug delivery with drugs placed within the lowest 1.5 inches is considered delivered by the percutaneous route. Those placed higher in the rectum are considered delivered by the enteral route. The reason for this difference is the way venous blood leaves these areas. Venous blood from the last half of the mouth, the esophagus, the stomach, the intestines, and the higher part of the rectum drains into the liver before it returns to the heart as part of systemic circulation. This means that the liver has a chance to metabolize drugs from the gastrointestinal (GI) tract before they get to their target tissues. Blood from the lowest part of the rectum does not first enter the GI circulation, and drugs absorbed there do not get metabolized before they reach their target tissues.




Parenteral Route

The parenteral route involves giving drugs by injection, which bypasses the intestinal tract and other organs of digestion such as the liver, placing drugs more directly into the blood or target cells. Drugs can be injected into many structures:


• An artery, called an intra-arterial injection (administered by the prescriber)

• A vein, known as intravenous injection

• The skin, known as intradermal injection

• The fatty tissue below the skin, called a subcutaneous injection

• A muscle, or intramuscular injection

• A body cavity, known as intracavitary injection (administered by the prescriber)

• A joint, known as intra-articular injection (administered by the prescriber)

• A bone, or intraosseous injection (administered by the prescriber)

• The fluid of the brain or spinal cord, known as intrathecal (administered by the prescriber)

• Directly into specific tissues or organs (administered by the prescriber)
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The most rapid drug entry routes are intra-arterial and intravenous.



The parenteral route gets the drug into the bloodstream more quickly and more completely than other routes. For example, the dose of a drug given intravenously is entirely in the blood immediately after injection and then is 100% bioavailable. Not only do drugs work more quickly when given this way, but any problems the drugs may cause also occur more quickly. The parenteral route is more invasive and more dangerous to the patient than other routes. Give drugs parenterally only if they are made to be given by the parenteral route.


[image: image] Clinical Pitfall

Drugs prepared for the enteral route should never be given by the parenteral route.

QSEN: Safety










Distribution

Once drugs are in the blood, they must be distributed to their target tissues, where the intended action is supposed to occur. Most drugs do not exert their mechanisms of action while in the blood. The bloodstream is just the “roadway” used by the body to get the drug to its target cells. Drugs can be distributed or spread to different body areas. Distribution of a drug is the extent that a drug spreads into three specific compartments. The bloodstream or blood volume (sometimes called the plasma volume) is the first drug compartment. This area is made up of the spaces in all the arteries, veins, and capillaries. The second drug compartment includes both the blood volume and the watery spaces between all body cells, also known as the interstitial space. The third drug compartment is the largest, including the blood volume, the watery spaces between the cells, and the space inside the cells (intracellular space).

How well a drug is distributed is determined by the size and chemical nature of the drug. Small drugs may have only a few molecules or parts. Smaller drugs are able to fit through cell channels and have a wide distribution into tissues and cells. Large drugs may be composed of many molecules and do not fit easily through cell pores or channels. Thus larger drugs have a more limited distribution within the body.

Some large drugs bind to proteins in the blood. These drugs do not touch or enter other cells; they can exert their effects only on cells in the blood. An example of this type of drug is an antibiotic that stays in the blood and affects only the micro-organisms that are also in the blood. Drugs that distribute only to the blood volume are eliminated more rapidly than those that are distributed more widely. Thus drugs that distribute only to the blood volume may need to be taken three or four times a day to keep the drug level high enough to be effective.

Very small drugs and those that easily dissolve in fats can cross cell membranes and enter cells. Drugs that dissolve easily in fats are known as lipid-soluble drugs. These drugs are distributed the most widely, staying in the body longer and affecting more tissues and organs.

Some places in the body are more difficult for drugs to enter (such as the brain, eye [actually inside the eye], sinuses, and prostate gland). In addition, some body conditions can reduce drug distribution (such as when the patient is dehydrated [when he or she has too little body water] or has low blood pressure [hypotension]). If a person is taking more than one drug, the drugs can interact (meaning that the presence of one drug can change the distribution of another drug). This issue is a type of drug interaction and must be considered whenever the patient is taking more than one drug.
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Drug distribution and activity are reduced in a patient who is dehydrated or has a very low blood pressure.



Another issue related to drug distribution is the “trapping” of drugs in certain tissues. This is called sequestration. Drugs that are more easily dissolved in fat often enter body fat cells and are sequestered there, with the drug being slowly released over time. Completely eliminating these drugs may take a long time. So the effects of sequestered drugs may be present for weeks or longer after the person has stopped taking the drug.


[image: image] Did You Know?

Body fat is a “time-release” capsule for drugs that have a fat base, retaining them for weeks to months.






Metabolism

Because any drug that enters the body is considered a “foreign” substance, the body takes steps to inactivate and eliminate it. Before most drugs can be eliminated, they must first be metabolized. Metabolism is a chemical reaction in the body that changes the chemical shape and content of the drug. Usually the changing of a drug by the body inactivates the drug and makes it easier to eliminate. A few drugs are actually activated by body metabolism before they can exert their effects and then are remetabolized or reprocessed for elimination.

A comparison of the use of the opioid drugs morphine and codeine is a clinical example of how metabolism works for drug elimination and drug activation. When a patient receives morphine for pain management, it is distributed throughout the body, including the brain. In the brain, it binds to opioid receptor sites to reduce the patient's perception of pain. At the same time, the liver inactivates the morphine through metabolism and readies it for elimination. This is why the effects of morphine wear off in a few hours and another dose of the drug then needs to be given for the patient to remain comfortable. Codeine is another opioid drug given for pain. However, when codeine is first taken into the body, it is not active and does not bind to the opioid receptor sites in the brain. It must be activated by metabolism and converted to morphine before it can relieve pain. Once this conversion takes place, codeine (now morphine) binds to receptor sites in the brain and reduces pain perception. When the metabolized codeine (now morphine) is remetabolized, it is ready to be eliminated from the body. The fact that codeine first has to be activated by metabolism before it can work as a pain reliever explains why morphine relieves pain faster than codeine.
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Metabolism changes the chemical structure of drugs; it can activate drugs, inactivate them, and prepare them for elimination.
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Codeine must be metabolized to morphine before it can relieve pain.



Drugs can be metabolized to different degrees by different body tissues. The organs and cells most involved in drug metabolism are the liver, kidneys, lungs, and white blood cells. All these tissues contain special enzymes that break down and change the chemicals in the drugs.

Some factors that determine how fast and how well drugs are metabolized include genetic differences between people, whether the person has been exposed to that specific drug or similar drugs before, and the health of the liver and kidneys. Some people have genetic differences that allow them to make more of the enzymes used in drug metabolism. These people may need higher-than-average doses of drugs for the drugs to work well and may also need to take the drugs more often to keep a steady-state level. Other people have genetic differences that reduce the amount of enzymes they make for drug metabolism. These people need lower doses for the same effect compared with the “average” person.

The liver and kidneys are the most important organs for drug metabolism (Figure 1-9). If a patient has a problem with either the liver or the kidneys, drugs may be metabolized slowly and remain active longer. In this situation, high levels of a drug can quickly build up in the patient, often leading to toxic side effects.


[image: image] Drug Alert!

Action/Intervention Alert



Anyone who has either liver or kidney problems must have the dosage and timing of drugs adjusted by the prescriber. Watch these patients carefully for signs of drug overdose.

QSEN: Safety
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FIGURE 1-9 Major sites of drug metabolism and elimination.








Elimination

Elimination is the removal of drugs from the body accomplished by certain body systems. Although many body systems eliminate drugs to some degree, the most active routes for drug elimination are the intestinal tract, the kidneys, and the lungs (see Figure 1-9). Drugs leave the body in the feces, urine, exhaled air, sweat, tears, saliva, and breast milk.

Drugs metabolized by the liver are sent to either the intestinal tract or the blood and then to the kidney for elimination. Even drugs given parenterally can be eliminated through the intestinal tract. When a drug is given orally, some of the drug is metabolized quickly by the liver and rapidly eliminated from the body. This rapid inactivation and elimination of oral (enteral) drugs is called first-pass loss. This is the reason an enteral drug is less bioavailable and the dosage is higher compared with the same drug given intravenously.
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Drugs administered intravenously can be eliminated through the intestinal tract.



Drugs that are dissolved in the blood may leave the body in the urine. The drugs may change the color or smell of the urine. (This is why urine tests can determine whether a person is using certain illegal drugs.)

A few types of drugs are metabolized and eliminated through the lungs and leave the body in the exhaled air. Drugs that are small and easily turned into gases (vaporized) are eliminated by the lungs. This is why a Breathalyzer test can measure blood alcohol levels.

Just as for metabolism, the liver and kidneys are the most important organs for drug elimination. The liver metabolizes the drug to make it ready for elimination, which often is performed by the kidney. If a patient has a problem with either the liver or the kidneys, drugs may take a longer time to be eliminated from the body and can build up to toxic levels quickly. Liver damage is called hepatotoxicity, and kidney damage is called nephrotoxicity. Drugs that can cause liver damage are called liver toxic or hepatotoxic. Drugs that can cause kidney damage are called kidney toxic, renal toxic, or nephrotoxic.


Half-Life

The half-life of a drug is the time span needed for one half of a single drug dose given to be eliminated. When multiple doses are given over time, the half-life for the total dosage also can be calculated. For example, the anti-inflammatory drug Aleve (naproxen) has a half-life of 12 hours. Suppose the first dose of the drug was 220 mg. Twelve hours after the drug was given, 110 mg of the drug remains in the body. Half of the remaining 110 mg is eliminated in the next 12 hours so that, 24 hours after the first dose, 55 mg of the drug remains in the patient's body. Thus if you received only a single 220-mg dose of a drug that has a half-life of 12 hours, it would take almost 48 hours for you to completely eliminate the drug (Table 1-2). The drug is considered eliminated when less than 10% of the drug remains, which would be between 36 and 48 hours for this example. For most drugs, at least five half-lives after the last dose are needed to eliminate a drug.
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A drug with a half-life of 4 hours is not eliminated in 8 hours. Each portion remaining after a half-life time has passed is eliminated one half at a time.




Table 1-2

Time Needed to Completely Eliminate a Single-Dose Drug with a Half-Life of 6 Hours



	Time Passed (hr)
	Amount of Drug Remaining in the Body




	0 (time of drug administration)
	500 mg



	6
	250 mg



	12
	125 mg



	18
	62.5 mg



	24
	31.25 mg



	30
	15.625 mg



	36
	7.813 mg



	42
	3.906 mg



	48
	1.953 mg



	54
	0.976 mg



	60
	0.488 mg







The half-life of a drug is related to how fast it is eliminated. Drugs that are eliminated rapidly have a short half-life; drugs eliminated slowly have a long half-life. The half-life of any drug is calculated based on research. The half-life is used to determine how much drug should be prescribed and how often it should be taken to get to and stay at a steady-state level (that is, a point at which drug elimination is balanced with drug entry). This steady-state level must be maintained at or above the minimum effective concentration (MEC). However, calculation of the MEC is based on the “average” response of the drug when it was given to a large number of test subjects. The same drug may have a different half-life in some patients because of differences in the patients' age, size, gender, race/ethnicity, metabolism, genetic heritage, and health and the presence of other drugs. Drugs with a short half-life are often prescribed to be taken more than once per day to get to and keep a steady-state level long enough to make the drug effective (produce its therapeutic effect). Drugs with a long half-life may be prescribed so the first dose is larger than the rest of the prescribed doses. This larger first dose is known as a loading dose. It is used to get the blood level up to the MEC as fast as possible. Once the MEC is achieved, all other doses can be smaller and still maintain the MEC because the drug has a long half-life and is eliminated slowly. One example of a drug that is usually prescribed with a higher loading dose than a maintenance dose is amikacin (Amikin), an antibiotic with a long half-life that is prescribed for serious life-threatening infections.


[image: image] Memory Jogger

Loading doses are often used for drugs that have a long half-life.






Peaks and Troughs

Peaks and troughs describe the relationship between the actual dose of drug given and the blood drug level over time (Figure 1-10). The peak is the maximum blood drug level (like the top of a mountain), and the trough is the lowest or minimal blood drug level (like the bottom of a water trough for animals).

[image: image]
FIGURE 1-10 Peaks and troughs of blood drug levels. MEC, Minimum effective concentration.





When patients have no severe health problems or unusual reactions to a drug and its metabolism, the peaks and troughs of a specific drug are already known (they have been worked out for the average person).










Life Span Considerations


Size

Children are smaller than most adults. Most drugs are given in smaller doses in proportion to the child's size, especially weight. Some drugs are prescribed in milligrams (mg) per kilogram (kg). Some prescribed drug doses are based on body surface area (BSA)—that is, they are calculated in milligrams per kilogram of body weight or milligrams per square meter (m2). Either calculation must be made carefully and accurately because a math error of even one decimal place results in tremendous overdosing or underdosing.
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One kilogram is equal to 2.2 pounds. Therefore a person always weighs fewer kilograms than pounds.



Correctly calculating drug dosages for children is critical for preventing drug overdose. Follow these rules for pediatric drug administration:


• Always compare the drug dose prescribed for an infant or child with the recommended dose for the child's size.

• Question any drug prescription for a child in which the prescribed dose is greater or less than the recommended dose.

• Double check your drug dose calculation for an infant or child with a colleague or a pharmacist.



Drugs that have a specific type of effect or response on adults may have the opposite effect on children (these effects are called paradoxical). For example, the drug methylphenidate (Ritalin) stimulates the central nervous system of an adult and causes an overall increase in excitability and activity. This same drug reduces excitability and activity in children. Some drugs that cause drowsiness in adults may cause hyperactive behavior in children.

Other drug side effects that occur in children but not in adults can be related to the growth and maturity of specific tissues. For example, when teeth are developing, the antibiotic tetracycline changes the density of the tooth enamel and can result in tooth darkening. After teeth are mature, they are no longer at risk for this side effect. As a result, the drug tetracycline is rarely used for pregnant women (when the first teeth are forming) or in children under the age of 12 years (when the permanent teeth are forming). Another example of a drug affecting development is the quinolone type of antibiotics. These drugs damage bone growth in children and are not prescribed for them unless an infection is life threatening and the organism responds only to a quinolone.
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Children may have completely different responses to a drug than an adult would have to the same drug.




Organ Health

The health of the organs most involved in drug distribution, metabolism, and elimination affect drug actions, especially the liver and kidneys. Along with physical immaturity and age-related changes in organ function, diseases can have an effect on organ function.


Liver Health

A healthy liver is important for good drug metabolism and elimination. The liver health status of any person should be known before drug therapy is started. Table 1-3 lists the normal values for tests of liver function.


Table 1-3

Laboratory Values for Liver Function



	Test
	Normal Values
	Significance of Abnormal Values




	Albumin
	3.5-5.0 g/dL
	Decreased values indicate possible liver disease.



	Alanine aminotransferase (ALT)
	4-36 IU/L
	Increased values indicate possible liver disease.



	Aspartate aminotransferase (AST)
	10-35 units/L (higher in children)
	Increased values indicate possible liver disease.



	Lactate dehydrogenase (LDH)
	100-190 IU/L (slightly lower in children)
	Increased values indicate possible liver disease.



	Alkaline phosphatase
	30-120 units/L (higher in children)
	Increased values indicate possible liver disease.



	Bilirubin total serum
	0.3-1.0 mg/dL
	Increased values indicate possible liver disease.



	Ammonia
	10-80 mcg/dL
	Increased values indicate possible liver disease.





IU, International units.

From Pagana, K., & Pagana, T. (2014). Mosby's manual of diagnostic and laboratory tests (5th ed.). St. Louis: Mosby.





Pediatric Considerations.

Drug metabolism in children varies depending on age and organ maturity. A premature infant or newborn may have a slower rate of metabolism than an adult because the enzyme systems of the liver may not yet be fully active. Toddlers, preschool children, school-age children, and adolescents usually have higher rates of metabolism than do adults. A child may receive a much lower dose of a drug than an adult, but the dose may need to be given more often because it is metabolized and eliminated more rapidly.




Considerations for Older Adults.

Many older adults have serious damage to the liver, making drug metabolism and elimination slower. Even older adults in good health have reduced liver function as a result of the aging process. Thus all older adults metabolize and eliminate drugs more slowly than younger adults, although this problem is greater in adults who have actual organ damage. Slow metabolism and elimination increase the half-life of a drug and make it easier to develop toxic drug levels in older adults.

Additionally, often an older adult may be prescribed many different drugs to take every day. New drugs may be prescribed and old ones may be discontinued. An important consideration to ensure that any patient is receiving the correct drugs at the correct dosages in any setting is the issue of medication reconciliation. It is the responsibility of the prescriber and the health care professional administering the drugs, especially nurses, to ensure that all of a patient's active drugs are properly listed in the patient record. More information on medication reconciliation is discussed in Chapter 2.







Kidney Health

Some drugs are metabolized and eliminated by the kidney. Others are metabolized elsewhere and just eliminated by the kidney. Thus a healthy kidney is important for drug elimination and prevention of toxic drug levels. The kidney (renal) health status of any person should be known before drug therapy is started. Table 1-4 lists the normal values for tests of kidney function.


Table 1-4

Laboratory Tests Assessing Kidney Function



	Substance
	Normal Values




	Blood urea nitrogen (BUN)
	10-20 mg/dL



	Creatinine
	
Males: 0.6-1.3 mg/dL
Females: 0.5-1 mg/dL



	Sodium
	136-145 mEq/L



	Potassium
	3.5-5 mEq/L



	Calcium
	9.0-10.5 mg/dL



	Chloride
	98-106 mEq/L



	Magnesium
	1.3-2.1 mEq/L



	Bicarbonate
	21-28 mEq/L





From Pagana, K., & Pagana, T. (2014). Mosby's manual of diagnostic and laboratory tests (5th ed.). St. Louis: Mosby.





Pediatric Considerations.

An infant's kidneys do not concentrate fluids well. In addition, infants have a greater proportion of total body water than older children or adults. This means that drugs easily dissolved in water spread through proportionally more water, and drugs are lost by the kidney route more rapidly. Thus an infant may need a higher dose in terms of milligrams per kilogram than would a toddler or an older child. Water-soluble drugs are eliminated more rapidly in infants and young children than they are in adults.




Considerations for Older Adults.

About two thirds of all adults over age 60 have reduced kidney size and kidney function. Because the kidney is important in eliminating drugs from the body, reduced kidney function in the older adult increases drug half-life. This means that one dose of a drug stays in the body longer and continues to have intended actions, as well as side effects in an older adult than in a younger adult.
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Older adults may need a lower drug dosage than younger adults because of reduced kidney or liver function, and they are at a higher risk for dosage-related side effects.









Cardiopulmonary Health

The cardiovascular system ensures that drugs reach their target sites of action and sites for metabolism and elimination. The lungs and pulmonary system help metabolize and eliminate some drugs. Red blood cells (RBCs) carry oxygen, and white blood cells (WBCs) are sites of drug metabolism. Together the heart, blood, and lungs promote the health of all organs by ensuring adequate oxygenation. Thus a healthy heart, adequate blood pressure, and good oxygenation are needed for optimal drug therapy. Table 1-5 lists normal values for tests of cardiac, blood, and lung function.


Table 1-5

Laboratory Tests Assessing Cardiovascular Function and Oxygenation



	Test
	Range



	Blood Cells


	Red blood cells
	



	 Women
	4.2-5.4 million per cubic millimeter (mm3) of blood



	 Men
	4.7-6.1 million/mm3 of blood



	Platelets
	150,000-400,000/mm3 of blood



	White blood cells, total
	5000-10,000/mm3 of blood


	Oxygenation


	Hematocrit
	



	 Women
	37%-47%



	 Men
	42%-45%



	 Newborn to 6 months
	44%-64%



	 Over 6 months
	30%-44%



	Hemoglobin
	



	 Women
	12-16 g/dL



	 Men
	14-18 g/dL



	 Newborn to 6 months
	10-17 g/dL



	 Over 6 months
	10-15.5 g/dL



	Oxygen saturation (SpO2)
	95%-100%



	Arterial oxygen (PaO2)
	80-100 mm Hg



	Arterial carbon dioxide (PaCO2)
	35-45 mm Hg


	Cardiac Function


	Brain natriuretic peptide (BNP)
	Less than 100 pg/mL



	Creatine kinase (CK)
	



	 Women
	30-135 units/L



	 Men
	55-170 units/L



	 Newborns
	68-580 units/L



	 Children
	Same as adults



	Creatine kinase-MM
	100%



	Creatine kinase-MB
	0%



	Creatine kinase-BB
	0%
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From Pagana, K., & Pagana, T. (2014). Mosby's manual of diagnostic and laboratory tests (5th ed.). St. Louis: Mosby.





Considerations for Older Adults.

Many adults over age 70 years have some degree of heart failure and poor blood flow to the liver and other body areas. This reduced blood flow both decreases drug effectiveness and limits how well drugs are distributed, metabolized, and eliminated.

The respiratory changes that occur with aging reduce lung volume and function to some degree in all older patients. These effects are made worse by a lifetime of exposure to inhaled irritants such as cigarette smoke, bacteria, air pollutants, and industrial fumes. These changes reduce lung metabolism and elimination of some drugs. Lung problems may reduce the effectiveness of drugs taken by inhalation.

Older adults often have fewer RBCs and WBCs than younger adults. These changes reduce oxygenation of all organs and limit drug metabolism.










Special Populations


Pregnancy

Pregnancy is the time for development of a new human being. Nearly every organ forms in the 9 months before birth. During pregnancy the mother's bloodstream is separated from the unborn baby's bloodstream by the placenta. However, the placenta is not a perfect barrier. Some drugs can cross the placenta and may affect the unborn baby, although not all drugs taken during pregnancy have harmful effects on the fetus. Regardless of the presumed safety of a drug, no prescribed or OTC drug should be taken during pregnancy unless it is clearly needed and its benefits outweigh any risks to the fetus.
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No prescribed or OTC drug is considered to be completely safe to take during pregnancy.



Drugs that can cause birth defects are teratogenic or teratogens. Some drugs are more teratogenic than others, and even one dose can cause a severe birth defect. Other drugs are less teratogenic and require either many doses or very high doses to cause even a minor birth defect. Not all pregnant women who take a teratogenic drug during pregnancy have a child with birth defects, but the risk for birth defects is higher. Usually drugs are avoided during pregnancy; however, certain health problems may need to be managed with drug therapy.

Drugs have the same effects on the fetus as on the mother but can cause more problems. For example, when a pregnant woman takes the anticoagulant warfarin, the unborn baby's blood is also less able to clot, and the fetus can bleed to death. Drugs that lower blood pressure can lower the fetus's blood pressure so much that the brain does not receive enough oxygen, and brain damage results.

The FDA has developed new guidelines for the “information for prescribers” section of the drug package inserts under the changed Physician Labeling Rule. The changes for the “Use in Special Populations” section include the eventual complete removal of the old pregnancy categories A, B, C, D, and X, in which the risk for birth defects or adverse pregnancy outcomes moved from no apparent increased risk (category A) through increasing risks to greatly increased risk (category X). Under the new guidelines, which are effective for some drugs as of June 2015, the subsections of “pregnancy” (including labor and deliver), “lactation” (breastfeeding), and “females and males of reproductive potential,” replace the old categories. The package inserts must contain all appropriate information regarding when and how a drug may affect these special populations. This information is presented as a risk summary when a drug is known to be absorbed systemically (enter the bloodstream), and risk is classified in the following manner:


• Not predicted to increase risk

• Low likelihood of increasing risk

• Moderate likelihood of increasing risk

• High likelihood of increasing risk

• Insufficient data to assess the likelihood of increasing risk



This classification is used for risk to the fetus, risk to the pregnant woman (for problems when taking the drug, as well as problems that could occur from not taking the drug), risk for affecting the production of milk, risk for affecting the health of the nursing infant, and risk for affecting the fertility of females and males. It is the responsibility of the prescriber to know this information and to ensure that patients for whom the drugs are prescribed understand the risks versus the benefits of the prescribed therapy.


[image: image] Drug Alert!

Action/Intervention Alert



Before administering any newly prescribed drug, ask any female patient between the ages of 10 to 60 years if she is pregnant, likely to become pregnant, or breastfeeding.

QSEN: Safety




Lactation

Some drugs taken by a breastfeeding woman cross into the milk and are ingested by the infant. The effects of the drugs on the baby are the same as on the mother. For example, lipid-lowering drugs taken by a breastfeeding woman will lower her infant's blood lipid levels. Although the mother may need to lower her blood lipid levels, the infant does not. Low lipid levels in an infant may cause poor brain development and mental retardation.

When a breastfeeding woman has an infection, usually the infant does not; however, the antibiotic the mother takes can enter the breast milk and affect the infant. Some antibiotics such as penicillin may not cause a problem. Other antibiotics such as the quinolones, even taken for a short time, can disrupt bone development.

Before a drug is selected and prescribed for a breastfeeding woman, the effects on the infant must be considered. The mother's prescriber, the infant's health care provider, and the mother must discuss the issues together.

Breastfeeding is not recommended for mothers with chronic disorders that require daily drug therapy (e.g., seizures, hypertension, and hypercholesterol). For short-term health problems that require less than 2 weeks of drug therapy (e.g., infection), the breastfeeding woman can make adjustments to reduce the infant's exposure to the drug (Box 1-1).
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Action/Intervention Alert



If a woman is breastfeeding, urge her to discuss any drugs that she may be taking with her pediatrician.

QSEN: Safety




Box 1-1

Recommended Methods of Reducing Infant Exposure to Drugs During Breastfeeding


• For drugs that should not be given to infants:

• Switch the infant to formula feeding temporarily or to breast milk obtained when you were not taking the drug.

• Maintain your milk supply by pumping your breasts on a regular schedule, and discard the pumped milk.

• When you are no longer taking the drug and it has been eliminated, resume breastfeeding.

• For drugs that do not have to be avoided but should have levels reduced:

• Nurse your baby right before taking the next dose of the drug.

• Drink plenty of liquids to dilute the amount of drug in the breast milk.

• Take the drug just before the baby's longest sleep period.








Females and Males with Reproductive Potential

This special population refers to teenagers and adults who are capable of becoming pregnant (females) or are capable of causing a pregnancy (males). Some drugs reduce fertility temporarily and others can reduce it permanently. Other types of drugs can increase fertility. Any person who is prescribed to take a drug that can affect fertility should have full knowledge about such effects.










Drug Interactions

Drugs can interact with other drugs, food, vitamins, and herbal compounds. These interactions can change the way a drug works or the timing of its action. Some interactions actually increase the activity of the drug, whereas others decrease it. Some drugs and herbal compounds are not compatible with each other and can lead to adverse effects. Always ask patients who are being prescribed a new drug what other drugs (prescribed or OTC), vitamins, and herbal supplements they are taking currently. Because the number of possible problem interactions is huge, always check with the pharmacy or a drug handbook for potential drug interactions.
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Teaching Alert



Warn patients taking prescribed drugs to check with the prescriber before starting any OTC drugs, vitamins, or herbal supplements.

QSEN: Safety



Examples of interactions between drugs and between drugs and other common agents follow:


• Cimetidine (Tagamet) enhances the action of quinidine (Quinadure, Quinidex), increasing the risk for adverse effects.

• Ciprofloxacin (Cipro) increases the blood concentration of warfarin (Coumadin), increasing the risk for bleeding.

• Ibuprofen (Advil) and naproxen (Aleve) reduce the effectiveness of some antihypertensives such as captopril (Capoten) and lisinopril (Zestril), increasing the risk for heart failure and strokes.

• Grapefruit juice greatly increases the activity of many drugs, including felodipine (Plendil), midazolam (Versed), and lovastatin (Mevacor), increasing the risks for overdose and adverse effects. It can also decrease the activity of other drugs.

• St. John's wort, an herbal preparation, reduces the effectiveness of many drugs, including digoxin (Lanoxin), warfarin (Coumadin), and oral contraceptives (birth control pills). Reducing the effectiveness of digoxin may worsen heart failure; reducing the effectiveness of warfarin increases the risk for clot formation, strokes, and pulmonary embolism; reducing the effectiveness of oral contraceptives may lead to unplanned pregnancies.







Get Ready for Practice!


Key Points


• The prescriber's role in drug therapy is to select and order specific drugs. Prescribers may include physicians, dentists, podiatrists, advanced practice nurses, and physician's assistants.

• The health care professionals most responsible for teaching patients about their drugs include the prescriber, the pharmacist, and the nurse.

• Generic drug names are spelled with all lowercase letters; brand names (trade names) have the first letter capitalized.

• When possible, always check the order and dosage calculation of a high-alert drug with a licensed health care professional or pharmacist.

• Herbal products can cause problems if taken too often or with prescribed drug therapy.

• Drugs often work in the same way that body hormones, enzymes, and other proteins do.

• For a drug to work on body cells, it must enter the body.

• Most drugs exert their effects by binding to a cell receptor.

• Although some drug side effects may be uncomfortable and may cause the patient to avoid a specific drug, they usually are not harmful and do not cause extensive tissue or organ damage.

• True allergic drug reactions result when the presence of the drug stimulates the release of histamine and other body chemicals that cause inflammatory reactions.

• Anaphylaxis is the most severe type of allergic reaction to a drug and can lead to death if not treated quickly.

• At the same time that a drug is changing body activity, the body is processing the drug for elimination.

• Drugs have to reach a high enough level in the blood to exert their effects.

• The three main drug entry routes are percutaneous, enteral, and parenteral.

• A drug prepared to be given by one route should not be given by any other route.

• Any problem with the gastrointestinal tract can interfere with how fast a drug is absorbed.

• Never give by injection any drug made to be given by the enteral route.

• The side effects of a drug given intravenously can occur very rapidly.

• Drugs may take a longer time to work when a patient is dehydrated or has very low blood pressure.

• Taking more than one drug at the same time can change the effectiveness of both drugs.

• The most important organs for drug metabolism and elimination are the liver and kidneys.

• Drugs that have a long half-life stay in the body longer and are more likely to build up to toxic levels more quickly.

• Although the expected actions and patient responses are known for all approved drugs, some patients may react differently than expected. Whenever a patient receives the first dose of a drug, be alert to the possibility of unique responses.

• An infant may need a higher drug dose (in terms of milligrams per kilogram) than toddlers or older children because infants have a greater proportion of total body water.

• Unless a serious health problem exists in the pregnant woman, all types of drugs should be avoided (except for prenatal vitamins and iron supplements).

• When a female patient is prescribed to take a drug that is known to cause birth defects, be sure that she understands the risks, that her pregnancy test is negative, and that she is using one or more reliable methods of birth control (or completely abstains from sex) during treatment.

• Urge breastfeeding women to consult with their infant's health care provider before taking any prescribed or OTC drug.

• Always ask patients who are being prescribed a new drug what other drugs (prescribed or OTC), vitamins, and herbal supplements they are taking currently.

• Check with the pharmacy or a drug handbook for potential drug interactions.

• Warn patients taking prescribed drugs to check with the prescriber before starting any OTC drugs, vitamins, or herbal supplements.




Additional Learning Resources

[image: image] Go to your Study Guide for additional learning activities to help you master this chapter content.




Review Questions

See the Answer Keys—In-text Review Questions for answers to these questions.


Test Yourself on the Basics


1. Which function is primarily the role of the pharmacist in drug therapy?

A. Administering a prescribed drug directly to the patient

B. Teaching a patient the possible side effects of a prescribed drug

C. Changing the dose of a prescribed drug based on a patient's response

D. Dispensing a drug according to the instructions written in the prescription

2. What action or condition is a major disadvantage of the oral drug delivery route?

A. First-pass loss of drug is extensive.

B. Drug must be sterile rather than clean.

C. Only lipid-soluble drugs can be absorbed.

D. Adverse effects occur more rapidly than with other routes.

3. What major consideration allows a drug to be available over-the-counter (OTC) rather than by prescription?

A. The drug has absolutely no side effects or intended responses.

B. The cost of the drug must be lower than prescription drugs.

C. The drug has not undergone any federally regulated safety testing.

D. The drug is safe when the directions for dosage and scheduling are followed.

4. How much does a child who weighs 34 lb weigh in kilograms (kg)?

A. 15 kg

B. 34 kg

C. 68 kg

D. 74.8 kg

5. What is the minimal effective concentration (MEC)?

A. The movement of drug from outside the body to the inside of the body without the use of needles or syringes.

B. The way in which drugs work to change body function and the way in which the body changes drug composition.

C. The smallest amount of drug necessary in the blood or target tissue to result in a measurable intended response.

D. The smallest amount of drug lost as a result of liver metabolism and elimination before the drug reaches its target tissue.

6. Which statement about drug side effects is true?

A. All drugs have at least one side effect.

B. Side effects usually cause tissue damage.

C. Side effects change pharmacokinetics and reduce a drug's main effect.

D. Once a patient experiences a side effect, he or she cannot be prescribed that drug again.

7. What is the meaning of the word contraindication in relation to drug therapy?

A. The reason a person should be given a drug by the parenteral route when most people take the drug by the enteral route.

B. The type of reaction to a drug a patient experiences that is exactly the opposite of the drug's usual intended response.

C. The trapping of a drug in the body's fat cells so that the drug is released slowly over time.

D. A personal or health-related reason why a drug should NOT be given to a patient.

8. What route of drug administration is the most commonly used for drug therapy?

A. Enteral

B. Parenteral

C. Inhalation

D. Transdermal

9. Which organ is most heavily involved in drug metabolism?

A. Stomach

B. Rectum

C. Spleen

D. Liver

10. Which statement about drug half-life is true?

A. A drug with a half-life of 2 hours is totally eliminated from the body in 4 hours.

B. Drugs with a short half-life are more likely to be sequestered.

C. Most drugs with a long half-life require less frequent dosing.

D. Half-life is extended when the drug is taken with a full glass of water.




Test Yourself on Advanced Concepts


11. Which patient response indicates a drug's intended action or therapeutic response?

A. Ankle swelling

B. Bone strengthening

C. Constipation

D. Dizziness

12. Which condition would be considered a contraindication for a specific drug?

A. The patient has loose stools when he takes an antibiotic for 2 weeks.

B. The patient who is prescribed to take penicillin is 7 months pregnant.

C. The patient prescribed to take lisinopril (Prinivil) has had swelling of the lips, face, and tongue when taking another drug from the same drug class (family).

D. The patient prescribed to take diphenhydramine (Benadryl) for an allergic reaction usually gets sleepy after taking this drug.

13. What is an advantage of a drug with a long half-life?

A. The drug is taken fewer times daily.

B. The drug does not have to be metabolized before it is eliminated.

C. Usually, a drug with a long half-life has fewer side effects than a drug with a short half-life.

D. Most drugs with a long half-life are less expensive than are drugs with a shorter half-life.

14. Which patient response is a personal (idiosyncratic) adverse response to a drug rather than a true allergic reaction or general side effect?

A. Prolonged hiccoughing while taking a drug to reduce nausea and vomiting

B. A change in urine color to reddish orange while taking a bladder anesthetic for 3 days

C. Development of a vaginal yeast infection while taking a tetracycline antibiotic for the past 10 days

D. Swelling of the lips, tongue, and lower face while taking an angiotensin-converting enzyme inhibitor type of antihypertensive for 2 weeks

15. What type of reaction is a child having when he or she becomes more alert and excited when taking an antihistamine that usually makes people sleepy?

A. Adverse reaction

B. Allergic reaction

C. Intended reaction

D. Paradoxical reaction

16. Which condition represents the “steady-state” phase of drug metabolism?

A. The drug is excreted at the same rate that it is absorbed, resulting in an even blood-drug concentration.

B. The drug is excreted at a more rapid rate than it is absorbed, resulting in a lower blood-drug concentration.

C. The drug is excreted at a slower rate than it is absorbed, resulting in a high blood-drug concentration.

D. The drug is activated rather than inactivated by metabolic processing, resulting in the excretion of an active compound.

17. A patient who is breastfeeding her 6-week-old infant is prescribed to take montelukast sodium (Singulair) 10 mg orally daily (at 9:00 AM) for control of asthma. Which action should you teach her to reduce the infant's exposure to this drug?

A. Breastfeed the infant no sooner than 1 hour after taking the drug.

B. Avoid drinking fluids for 6 hours after taking the drug.

C. Breastfeed the infant right before taking the drug.

D. Take the drug on an empty stomach.

18. A drug is prescribed at 220 mg orally every 8 hours. How many total milligrams are given in a 24-hour period?

A. 440

B. 660

C. 880

D. 1100

19. A patient receives 250 mg of an oral drug at noon, 6 PM, and midnight. The drug has a half-life of 6 hours. How much of the drug remains in the patient at 6 AM the next day?

A. 437.75 mg

B. 375 mg

C. 218.75 mg

D. 187.5 mg

20. What is the weight in kilograms for a man who weighs 192 lb? _____ kg












Critical Thinking Activities

See the Answer Keys—Critical Thinking Activities for answers to these activities.

The patient is a 78-year-old woman who has only 20% kidney function. She also has diabetes and is prescribed insulin, which is eliminated by kidney action.


1. What type of dosage adjustment would you expect for this patient?

2. What problems could occur if the drug dosages are not adjusted?

3. Would this change in needed drug dosage be considered an idiosyncratic reaction? Why or why not?












Chapter 2

Safely Preparing and Giving Drugs


Objectives

After studying this chapter you should be able to:


1. List the eight “rights” of giving drugs.

2. Identify four types of drug orders.

3. Explain ways to prevent drug errors.

4. List important principles related to preparing and giving drugs.

5. Describe responsibilities related to giving enteral drugs.

6. Describe responsibilities related to giving parenteral drugs.

7. Describe responsibilities related to giving drugs through the skin and mucous membranes.

8. Describe responsibilities related to giving drugs through the ears and eyes.

9. List responsibilities before and after a drug has been given.






Key Terms


buccal route (BŬK-ŭl ROWT) (p. 39)Application of a drug within the cheek or the cavity of the mouth.



drug error (DRŬG ĀR-ŭr) (p. 29)Any preventable event that may cause inappropriate drug use or patient harm while the drug is in the control of the health care professional or the patient. A drug error may cause a patient to receive the wrong drug, the right drug in the wrong dose, the wrong route, or at the wrong time.



enteral routeSee Chapters 1 and 24.



intradermal route (ĭn-tră-DŬR-mŭl ROWT) (p. 35)Injection of drugs within or between the layers of the skin.



intramuscular (IM) route (ĭn-tră-MŬS-kyū-lŭr ROWT) (p. 36)Injection of drugs into a muscle.



intravenous (IV) routeSee Chapter 1.



medication reconciliation (mĕ-dĭ-KĀ-shŭn rĕ-kŭn-sĭl-ē-ā-shŭn) (p. 30)The process of identifying the most accurate list of all medications that the patient is taking, including name, dosage, frequency, and route, by comparing the medical record to an external list of medications obtained from a patient, hospital, or other provider.



onset of action (ŎN-sĕt ŭv ĂK-shŭn) (p. 32)The length of time it takes for a drug to start to work.



oral route (ŌR-ŭl) (p. 32)Administration of drugs by way of the mouth.



parenteral routeSee Chapter 1.



percutaneous routeSee Chapter 1.



per os (PO) (PŬR ŎS) (p. 32)Giving drugs by way of the mouth.



PRN order (p. 29)An order written to administer a drug to a patient as needed.



rectal route (RĔK-tŭl ROWT) (p. 34)Movement of a drug from outside of the body to the inside of the body through the rectum.



single-dose order (SĬN-gŭl DŌS ŌR-dŭr) (p. 29)An order written to administer a drug one time only.



standing order (STĂN-dĭng) (p. 29)An order written when a patient is to receive a drug on a regular basis. Also called a routine order.



STAT order (STĂT) (p. 29)An order written to administer a drug once and immediately.



subcutaneous route (sŭb-kū-TĀN-ē-ŭs ROWT) (p. 36)Injection of drugs into the tissues between the skin and muscle.



sublingual (SL) route (sŭb-LĬN-gwŭl ROWT) (p. 39)Administration of drugs by placing them underneath the tongue.



suppository (sŭ-PŎZ-ĭ-tōr-ē) (p. 34)A small medication plug designed to melt at body temperature within a body cavity other than the mouth.



topical route (TŎP-ĭ-kŭl ROWT) (p. 39)Application of drugs directly to the skin.



transdermal route (trănz-DŬR-mŭl ROWT) (p. 39)A type of percutaneous drug delivery in which the drug is applied to the skin, passes through the skin, and enters the bloodstream.



unit-dose drugs (YŪ-nĭt DŌS) (p. 30)Drugs that are dispensed to fill each patient's drug orders for a 24-hour time period.





Overview

A major role of the health care professional administering medications is to give the drugs safely. Although other health care professionals also have major roles in the drug therapy process, you are responsible for providing competent and safe patient care.


[image: image] Memory Jogger

Safe drug administration requires that the person administering the drug be knowledgeable about these drug features:


• Purpose(s)

• Actions

• Side effects

• Abnormal reactions

• Delivery methods

• Necessary follow-up care





You, along with prescribers and pharmacists, must teach patients about the drug or drugs that have been prescribed.

Administering drugs is one of the your most important responsibilities. But your responsibilities do not end with “giving” the drug to the patient. Every health care professional should be familiar with the professional practice act for the state in which he or she works.


[image: image] Memory Jogger

Be sure to review the professional practice act (e.g., nurse practice act) for your state on the state board website.



To give drugs safely, you must understand the basic principles of drug administration. Check the expiration date to be sure that the drug is not outdated. Look carefully at intravenous (IV) drugs for any sediment or discoloration that may indicate that the drug is unstable and should not be used. Be sure to wash your hands and follow the eight “rights” of drug administration.

After giving a drug, you must check the patient for the expected results and for any side effects or adverse effects. You also have a duty to teach patients and their families about drugs, including the desired action, side effects, and when to call the prescriber.




The Eight Rights of Safe Drug Administration

When preparing and giving drugs to patients safely, follow the eight “rights” for drug administration:


1. Right patient

2. Right drug

3. Right dose

4. Right route

5. Right time

6. Right documentation

7. Right diagnosis

8. Right response




[image: image] Memory Jogger

Remember to use the eight “rights” every time you prepare and administer drugs.

QSEN: Safety



Some sources cite an additional right to follow when giving drugs: the patient's right to refuse a drug.


The Right Patient

To make sure that the right patient is receiving any drug that has been prescribed, The Joint Commission (TJC) recommends checking two unique patient identifiers (name and birth date) before medication administration. An alert and oriented patient can be asked directly. If the patient is confused, hard of hearing, unconscious, or otherwise unable to reply, wash your hands first and then check the name, birth date, and identification number on his or her wristband. Some long-term care facilities such as nursing homes use pictures of patients to ensure that the correct patient receives the correct drugs. If a patient does not have an identification wristband, have one made and place it on his or her wrist. As an added safety measure, be sure to check the medication administration record (MAR) and the label on the patient's medication box with the wristband.


[image: image] Drug Alert!

Action Alert



Be sure to always check two unique identifiers (e.g., name and birth date) to ensure that you are giving the right drug to the right patient.

QSEN: Safety






The Right Drug

Each drug that is prescribed has a particular intended action. You must be sure that the drug being given is correct. Carefully compare the drug you are about to administer with the drug order. Be sure to give the drug in the form ordered by the prescriber (e.g., pill, capsule, liquid). Thousands of drugs are available today, and many of their names are so similar that they can be confusing. Be aware of these easily confused drug names. For more information about them, see “Confusing Drug Name Lists” later in this chapter.





The Right Dose, Route, and Time

A prescriber's drug order should be in written form and include all the minimum information required by the U.S. government. Verbal orders should be accepted only in emergency situations. As soon as the emergency has been resolved, verbal orders must be written and signed. Contact the prescriber whenever a drug order seems unclear or if a drug dosage is higher or lower than expected. For safety, when you contact the prescriber by telephone or follow a verbal order, be sure to write the order, read it back, and ask for confirmation that what you wrote is correct before administering any drug. Be sure to document that you read back the order to the prescriber.
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Minimum information required by the U.S. government for a written prescription:


• Date

• Patient's name

• Name and address of the prescriber

• Generic or brand name of the drug

• Strength of the drug

• Number of times per day that the drug is to be taken

• Any specific instructions for use

• Number of doses to be dispensed

• Number of refills allowed

• Prescriber's signature








The Right Documentation

When you give a drug, record the action immediately. This is essential for all drugs, but it is especially important for drugs given on an as-needed (PRN) basis. Many pain-relieving drugs are prescribed to be given as needed. These drugs often require 20 to 30 minutes to take effect. If you fail to document giving one of these drugs, a patient may request and receive a second dose from another health care professional. When a patient is receiving a narcotic (opioid) pain drug, a second dose can cause complications such as a decreased respiratory rate. Documenting that a drug has been given may prevent another health care professional from mistakenly repeating the dose.




The Right Diagnosis

Before giving a drug, you must be familiar with the patient's medical diagnosis. The diagnosis should match the purpose of the drug. If the diagnosis does not match its purpose, question the prescription.

You should also check any related laboratory tests before giving a drug. For example, if a patient's diagnosis is digitalis toxicity, be sure to check the digitalis level before giving this drug. If the drug you are giving may cause adverse effects on a major body organ, be sure to check laboratory values related to that organ. For example, before giving an aminoglycoside drug such as gentamicin, you should be sure to check kidney function test results such as creatinine and blood urea nitrogen (BUN).

Many drugs affect blood pressure, heart rate, or respiratory rate. Be sure to check a patient's vital signs before giving these drugs. If the patient's vital signs are outside of the normal limits, you should hold the drug and notify the prescriber. Be sure to check the patient's vital signs again after giving the drug.




The Right Response

After you give a drug, check the patient to make sure that the drug has the desired effect. For example, check the blood pressure for improvement after giving an antihypertensive drug. Be sure to document what you monitored and any other appropriate interventions.




The Right to Refuse

A patient has the right to refuse any drug. Be sure that he or she understands why the drug has been prescribed and the consequences of refusing to take it. When a patient refuses to take a drug, document the refusal, including the fact that the patient understands what may happen if the drug is not taken.







Types and Interpretation of Drug Orders


Reading and Interpreting Drug Labels

Knowing how to read and interpret drug labels for prescription or over-the-counter drugs is essential for ensuring that any medication is used correctly. Health care professionals must learn this skill to administer drugs and teach patients how to care for and use medications.

Drug labels provide important information (Figure 2-1) including:


• Trade (brand) name

• Generic name

• Drug strength (e.g., milligrams, micrograms, milliequivalents)

• Drug form (e.g., tablet, capsule, powder, solution, cream, suppository)

• Route of administration (e.g., subcutaneous, intramuscular, intravenous)

• Total amount of medication in the container (e.g., number of tablets)

• Directions for reconstitution (if needed before administration)

• National drug code (number assigned to identify the manufacturer, product, and size of container)

• Manufacturer's name

• Expiration date

• Controlled drug symbol (warning that drug may be habit forming) if needed



Labels may also include abbreviations that indicate modification of drug forms such as SR (slow release), CR (controlled release), LA or XL (long acting), DS (double strength), TR (time released), and XR or ER (extended release).
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FIGURE 2-1 Drug labels. A, Trade name; B, generic name; C, drug strength; D, drug form; E, route of administration; F, total amount of medication in container; G, national drug code; H, manufacturer’s name; I, expiration date; J, storage temperature. (From Fulcher, E. M., Fulcher, R. M., Soto, C. D. [2012]. Pharmacology: Principles and applications [3rd ed.]. St. Louis: Saunders.)






Types of Drug Orders

Remember, a drug order from a qualified prescriber is needed before any drug may be administered to a patient. Drug orders may be written by different types of health care providers, including physicians, dentists, and some advanced practice nurses. Common types of drug orders include standing (routine) orders, PRN orders, single-dose orders, and immediate (STAT) orders.
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There are four common types of drug orders: standing (routine), single-dose, PRN, and STAT.



A standing (routine) order is written when a patient is receiving a drug on a regular basis. These drugs are prescribed for a specific number of days or until discontinued by the prescriber. Certain drugs such as narcotics (opioids) can be prescribed as standing orders only for a certain number of days. If the patient is to continue taking the drug after that number of days, the prescription must be renewed.

A single-dose order is an order to give a drug once only. A PRN order is given to the patient as needed. Prescribers usually designate a time interval between doses of these drugs. STAT orders are given one time immediately.







Drug Errors

A drug error is defined as a preventable event that leads to inappropriate drug use or patient harm. A drug error can occur while the drug is in the control of health care professionals (e.g., in the hospital, pharmacy, or prescriber's office) or the patient.
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Eight categories of drug errors include:


• Omission

• Wrong patient

• Wrong dose

• Wrong route

• Wrong rate

• Wrong dosage form

• Wrong time

• Error in preparation of dose





Drug errors are a leading cause of death and injury. Medication errors cause at least one death every day and injure as many as 1.3 million people annually in the United States. Errors can occur when the prescriber writes the drug order, when the pharmacist dispenses the drug, or when the nurse or other health care professional administers the drug. Because nurses give most drugs to patients, they are the final defense for detecting and preventing drug errors.
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Because nurses administer most drugs to patients, they are the final defense for detecting and preventing drug errors.

QSEN: Safety




Preventing Drug Errors

To prevent medication errors, the five-step process of medication reconciliation has been developed. Medication reconciliation is the process of identifying the most accurate list of all medications that a patient is taking, including name, dosage, frequency, and route, by comparing the medical record to an external list of medications obtained from a patient, hospital, or other provider. When a patient visits a health care provider, is admitted to the hospital, or is transferred from unit to unit in the hospital, it is common to receive new prescriptions or to have changes made in currently prescribed drugs. The process of medication reconciliation is used during these transitions of patient care to avoid drug errors such as omissions, duplications, dosing errors, and drug interactions.

The medication reconciliation process consists of five steps:


1. Develop a list of current medications

2. Develop a list of medications being prescribed

3. Compare the medications on the two lists

4. Make clinical decisions based on the comparison

5. Communicate the new list to appropriate caregivers and the patient
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The five steps of the medication reconciliation process are:


1. Develop a list of current medications

2. Develop a list of medications being prescribed

3. Compare the medications on the two lists

4. Make clinical decisions based on the comparison

5. Communicate the new list to appropriate caregivers and the patient





When administering drugs, always follow the eight “rights.” Many drug errors occur because one or more of the “rights” are not followed. If a drug prescription does not make sense, contact the prescriber to ensure that the order is correct. Always check drug dosage calculations with a coworker. Listen to the patient's questions about a drug or a drug dose. Administer drugs only after the patient's questions have been researched and answered appropriately. While giving drugs, concentrate on the task at hand. Often drug errors result from distractions or interruptions.


[image: image] Drug Alert!

Administration Alert



Most drug errors are made while giving drugs. Common errors include giving the wrong drug or giving the wrong dose. Follow the eight “rights” to prevent drug errors.
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Bar-Code Systems

Currently many facilities use computerized charting. Computers are located in physician's offices, patient rooms, and nursing stations for ease in documentation of patient care. Facility computer systems are integrated to include various departments (e.g., pharmacy, radiology, dietary) and patient care units. As more hospitals are using bar-code systems, bar codes are added to each patient's identification wristband on admission. Unit-dose drugs (drugs dispensed to fill a patient's drug orders for a 24-hour period) and IV fluids are all bar coded. A bar-code scanner is used to ensure that each patient receives the right drug doses at the right time. Take the scanner to each patient's bedside to scan the identification band and the drugs that are given (Figure 2-2). Scanning automatically documents the drugs that have been given into the facility's computer system. Standing order, one-time, PRN, and STAT drugs are scanned. Research shows that bar-code systems dramatically decrease the number of drug errors.

[image: image]
FIGURE 2-2 Checking a patient's wristband with a bar-code scanner. (From deWit, S. C., O'Neill, P. [2013]. Fundamental concepts and skills for nursing [4th ed.]. St. Louis: Saunders.)








Confusing Drug Name Lists

Lists of drug names that have been confused and involved in drug errors are published by organizations such as the Institute for Safe Medication Practices (ISMP). A partial list is provided in Box 2-1. As you read through this text, be sure to check the “Do Not Confuse” boxes for additional hints on how to avoid confusing drug names.


[image: image] Did You Know?

You can find lists of confused drug names on the Internet at the website for the Institute for Safe Medication Practices (ISMP) (www.ismp.org).




Box 2-1

Examples of Easily Confused Drug Names


FOSAMAX (alendronate) for osteoporosis

FLOMAX (tamsulosin) for enlarged prostate

LAMICTAL (lamotrigine) for epilepsy

LAMISIL (terbinafine) for fingernail fungus

OXYCONTIN (oxycodone) for pain

Ditropan (OXYBUTYNIN) for urinary incontinence

SINGULAIR (montelukast) for asthma

SINEQUAN (doxepin) for depression and anxiety

XANAX (alprazolam) for anxiety

ZANTAC (ranitidine) for heartburn and ulcers











Reporting Drug Errors

When a drug error is made, report it immediately. Carefully watch the patient for any signs of an adverse reaction. Drug errors may result in life-threatening complications such as coma or death. Most patient care facilities have a form and standard procedure that are used to report a drug error. The patient's prescriber must also be notified.


[image: image] Drug Alert!

Action/Intervention Alert



Always report drug errors immediately so appropriate actions can be taken to counteract possible adverse reactions to the drug.
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Principles of Administering Drugs

You must know the drug that you are administering, including its uses, actions, common adverse reactions, and any special precautions. You will probably become familiar with the drugs given most often in your institution. However, many drugs are not given on a daily basis, and new drugs are constantly being developed. Before giving a drug with which you are not familiar, seek out information from dependable sources such as pharmacists, drug inserts, and manufacturers' websites. In addition, know the patient's drug history, allergies, previous adverse reactions, pertinent laboratory values, and any important changes in his or her condition before administering a drug.


[image: image] Drug Alert!

Safety Alert



Know the patient's drug history, allergies, previous adverse reactions, pertinent laboratory values, and any important changes in his or her condition before administering any drug.

QSEN: Safety



Often prescribers put limitations on when a drug should be given. For example, the prescriber may order that the drug be given only if the patient's blood pressure is greater or less than a particular value. Similar limitations may be based on heart rate, respiratory rate, or pain level. Be aware of the prescribed limitations and check them before giving the drug. If the patient's condition or vital signs are outside of the set limits, you must hold the drug and document the reason for your action.

When giving drugs, listen to your patient. Patient comments give clues to adverse reactions such as nausea, dizziness, unsteady walking, and ringing in the ears. These comments indicate that the patient may be having an adverse reaction, and you should hold the drug while you notify the prescriber.
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Action/Intervention Alert



Always listen to patients when giving drugs because their actions and comments can be clues to adverse or side effects of drugs.

QSEN: Safety




Getting Ready to Give Drugs

There are several important guidelines to follow before preparing to give any drug:


• Always follow the eight “rights.”

• Always check the written order.

• Check the patient's identification wristband and ask the patient's name and birthdate.

• Limit interruptions and distractions.

• Wash your hands and wear clean gloves when needed (e.g., parenteral, rectal routes).

• Keep drugs in their containers or wrappers until at the patient's bedside.

• Avoid touching pills or capsules.

• Never give drugs prepared by someone else.

• Follow sterile technique when handling syringes and needles.

• Remain alert to drug names that sound or look alike. Giving the wrong drug can have serious adverse effects.



Some pills and capsules are prepared for slow absorption. These drugs are often labeled enteric-coated, time release, or slow release. If chewed, crushed, or opened, these drugs may be absorbed too rapidly. This can irritate the gastrointestinal (GI) system or cause symptoms of overdose. If a patient cannot take pills or capsules, a liquid form of the drug may be a better option. A prescriber's order is needed to change the drug form.


[image: image] Clinical Pitfall

Never crush tablets or open capsules without first checking with the drug guide or pharmacist.

QSEN: Safety



Giving drugs to children can be challenging and difficult. Tips that may help you give drugs to children are listed in Box 2-2.


Box 2-2

Tips for Administering Drugs to Children


Do's


• Keep drugs in their original containers and never in dishes, cups, bottles, or other household containers.

• When dosage calculations are needed, have another nurse, prescriber, or pharmacist also perform the calculation to ensure accuracy.

• Check with a drug guide for information on dosage by milligrams per kilogram and ensure that the calculated dosage is within the guidelines.

• Question any order in which the prescribed dosage does not match the recommended dosage for body weight or size.

• Use appropriate measuring devices (see Figure 2-3) to ensure accurate doses of liquid drugs.

• Work with the pharmacist to ensure that a liquid oral drug or a crushed oral tablet is mixed with a small amount of pleasant, delicious-tasting liquid.

• Keep all drugs out of reach of children.

• Before crushing a tablet, check with the pharmacist or drug resource book to determine whether it should be crushed.

• Apply transdermal patch drugs to a child's back between the shoulder blades.

• Use two identifiers, including the child's name band, to identify him or her before administering any drug (this can include asking a parent the child's full name and date of birth).

• Position children in a sitting or semi-sitting position when administering an oral drug (to avoid aspiration or choking).

• Help a child rinse his or her mouth after taking an oral liquid drug.

• Watch an infant or child closely (at least every 15 minutes) for the first 2 hours after giving the first dose of a newly prescribed drug for expected and unexpected or unusual responses to the drug.

• Offer creative choices for the child who is old enough to understand such as:

• Which drug to take first if more than one drug will be administered at the same time

• Which type of drink the child would like as a follow-up after a drug is administered

• Which leg or arm (when appropriate) the child would prefer be used for an injection

• Which toy to hold during an injection

• When an infant or child is prescribed to take a drug at home, demonstrate to the parents exactly how to measure and give the drug. Have the parents demonstrate these acts.

• Obtain the assistance of another adult when administering a parenteral drug, drops or ointment to the eye, or drops to the ear of an infant or child.

• Select the smallest gauge and shortest needle that will safely deliver the injection.

• If possible, change needles after injecting the drug into the syringe (prevents any irritating drug residue from contacting the child's tissues).

• Follow agency policy for site selection of injectable drugs for a child.

• Use diversion during an injection.

• Try to avoid having the child see the needle or the actual injection.






Don'ts


• Don't refer to drugs as “candy.”

• Don't place liquid drugs in a large bottle of formula (unless the child drinks the entire amount, he or she will not receive the correct dose).

• Don't place crushed drugs into the child's favorite food or snack (he or she may never eat that food again).

• Don't threaten a child with an injection in place of an oral drug.

• Don't lie to a child.














Giving Enteral Drugs

A drug given by the enteral route is delivered from the outside of the body to the inside of the body using the GI tract. Enteral drugs enter the body in one of three ways: through the mouth (oral), by feeding tube (e.g., nasogastric tube or percutaneous endoscopic gastrostomy), or through the rectum.


Oral Drugs [image: image]


Drugs are most commonly given by mouth or the oral route, also known as the enteral route. Orders for oral drugs are written as “PO,” which means per os or “by mouth.” Most drugs are available in one or more oral forms: tablets, capsules, and liquids. Oral drugs are easy to give as long as the patient can swallow. A major advantage of PO drugs is that if a patient receives too much, the drug can be removed by pumping the stomach or causing the patient to vomit. Oral drugs do not work well for patients suffering from nausea and vomiting. Onset of action for these drugs is slow because they must be absorbed through the GI tract.


What To Do Before Giving Oral Drugs

Be sure that the patient can swallow. Sit the patient upright and have a full glass of water ready. Tell him or her what drugs you will be giving and answer any questions asked. Tell the patient if there are any special instructions related to the drugs (e.g., getting up slowly from bed after new antihypertensive drugs are given). Ask him or her to place the tablets or capsules in the back of the mouth, take a few sips of water, and swallow the drugs. Unless the patient is on a fluid restriction, have him or her drink the entire glass of water because oral drugs dissolve better and cause less GI discomfort when they are given with enough water. Stay at the bedside until the drugs are swallowed. Do not leave drugs at the patient's bedside to be taken later. An exception may be made for antacids or nitroglycerin tablets if there is an order permitting this. You are responsible for documenting that drugs have been taken and must witness that this has occurred.


[image: image] Clinical Pitfall

Never leave drugs at the bedside for the patient to take at a later time or ask someone else to administer drugs that you have prepared.

QSEN: Safety



If the oral drug is in suspension form, be sure to shake it well. When giving oral liquid drugs, be sure to use a calibrated device to measure the correct dose (Figure 2-3) because household devices such as spoons or cups vary widely in size and their use can result in giving inaccurate doses. Always hold a calibrated medicine cup at eye level to measure the dose (Figure 2-4).

[image: image]
FIGURE 2-3 Calibrated devices for delivery of liquid oral drugs. A, Calibrated dropper and calibrated spoon. B, Calibrated oral syringes. (A from Hockenberry, M. J., & Wilson, D. [2006]. Wong's nursing care of infants and children [8th ed.]. St. Louis: Mosby. B courtesy Paul Vincent Kuntz, Texas Children's Hospital, Houston.)





[image: image]
FIGURE 2-4 Checking the drug dose in a medicine cup. (From Perry, A. G., & Potter, P. [2009]. Clinical nursing skills and techniques [7th ed.]. St. Louis: Mosby.)








What To Do After Giving Oral Drugs

Document that the drug was given. If a drug was refused or not given, document the reason. Be sure to check the patient later for side effects, adverse effects, and the desired effect. For example, check the patient taking antihypertensive drugs for decreased blood pressure. Document your findings.







Oral Drugs Given by Feeding Tube

Oral drugs may be given by feeding tubes. Patients who are unable to swallow may be given oral drugs by a nasogastric tube. A nasogastric (NG) tube delivers drugs by a tube inserted through the nostrils to the stomach. A percutaneous endoscopic gastrostomy (PEG) tube is a feeding tube that is surgically implanted through the abdomen into the stomach.


What To Do Before Giving Drugs by NG or PEG Tube

As with all oral drugs, check the drug orders, which may be written as PO or by feeding tube. Check your drug book or with the pharmacist before crushing tablets or opening capsules. Wash your hands and place the patient upright. Check to make sure that the tube is located in the stomach by withdrawing (aspirating) stomach contents with a syringe, or you can attach an end-tidal carbon dioxide (CO2) detector to the feeding tube. The presence of carbon dioxide indicates that the tube is in the trachea rather than the stomach.


[image: image] Clinical Pitfall

Do not give a drug by NG tube if CO2 is present when the tube is tested with an end-tidal CO2 detector.

QSEN: Safety



If the patient is receiving a tube feeding, check the amount of tube feeding remaining in the stomach (residual). Some drugs are not well absorbed when food is in the stomach (e.g., phenytoin [Dilantin]), and the tube feeding must be stopped for a period before and after administration. Liquid drugs should be diluted and flushed through the tube. Crushed tablets and the contents of opened capsules are first dissolved in water before being given through the tube. To give the drugs, attach a large syringe to the tube, pour the liquid or dissolved drug into the syringe, and let it run in by gravity.


[image: image] Drug Alert!

Administration Alert



Always check for correct placement of a feeding tube before giving drugs by this route to ensure that the drugs do not go into the lungs.

QSEN: Safety






What To Do After Giving Drugs by NG or PEG Tube

After giving drugs by this route, flush the tube well to make sure it is clear. Use at least 50 mL of water to prevent the tube from becoming clogged. If the patient's NG tube is connected to suction, the tube should be clamped for at least 30 minutes after administering drugs before reattaching it to suction. This allows time for the drugs to be absorbed from the GI system. As with oral drugs, document what has been given and watch the patient for side effects, adverse effects, and the desired effects. Document your findings.







Giving Rectal Drugs

Patients who are unable to swallow or have severe nausea and vomiting may need to have drugs given by the rectal route (movement of a drug from outside the body to inside the body through the rectum). These drugs may come as suppositories or in the form of an enema. A suppository is a small drug plug designed to melt at body temperature when placed within the rectum or vagina. With drugs given by this route, absorption is not as dependable or predictable as when drugs are given orally. The patient with diarrhea cannot hold them long enough for absorption to take place. The rate of absorption is also affected by the amount of stool present.


What To Do Before Giving Rectal Drugs

Ask whether the patient has any health problems such as diarrhea that may make using this route undesirable. Other reasons for not giving a rectal drug include recent rectal surgery or trauma and a history of vasovagal reactions (slowed heart rate and dilation of blood vessels, which can lead to fainting, sometimes called syncope).


[image: image] Memory Jogger

Vasovagal reactions are a common cause of fainting from a decrease in heart rate and blood pressure.



Bring the drug, some lubricant, and a pair of disposable gloves to the bedside. Assist the patient to turn to the side with one leg bent over the other (Sims' position) (Figure 2-5). The left Sims' position is best for giving rectal suppositories.

[image: image]
FIGURE 2-5 Sims' left position. For this position, the patient lies on one side with the knee and thigh drawn upward toward the chest.





Protect the patient's privacy by closing doors or drapes and keeping as much of the patient covered as possible. Explain what you will be doing and be sure to include any special instructions such as how long the drug must be held inside the rectum. Put on your gloves. Take the wrapper off the suppository and coat the pointed end with a small amount of water-soluble lubricant. Also apply a small amount of lubricant to the finger that you will be using to insert the drug. Hold the suppository next to the anal sphincter and explain that you are ready to insert the drug. Ask the patient to take a deep breath and bear down a little. With the pointed end first, push the suppository into the rectum about 1 inch (Figure 2-6).

[image: image]
FIGURE 2-6 To administer a rectal suppository, push the suppository into the rectum about 1 inch.








What To Do After Giving Rectal Drugs

Remind the patient to remain on his or her side for about 20 minutes. Clean the patient's anal area and cover the patient. Remove gloves and wash your hands. Immediately document that the drug was given. Check the patient for any expected or unexpected responses and chart these. For example, if the patient was given a suppository to relieve constipation, be sure to note whether the patient later had a bowel movement.










Giving Parenteral Drugs

Drugs given by the parenteral route are injected through the skin. They may be injected intradermally, subcutaneously, intramuscularly, or intravenously. There are four primary reasons for giving drugs parenterally. The patient may:


• Be unable to take oral drugs.

• Need a drug that acts rapidly.

• Need a constant blood level of a drug.

• Need drugs such as insulin, which are not made in an oral form.



Standard precautions from the Centers for Disease Control and Prevention (CDC) recommend wearing gloves whenever you are exposed to blood or other body fluids, mucous membranes, or any area of broken skin.


[image: image] Drug Alert!

Administration Alert



Always wear gloves when giving parenteral drugs to avoid exposure to blood and other body fluids.

QSEN: Safety



Giving parenteral drugs requires that you use needles and syringes safely. Do not recap needles, and always dispose of needles and syringes in labeled containers. “Sharps” containers are located in every patient room. Many hospitals use needleless systems, retractable needles, or needles with plastic guards that slip over the needle to protect against needlesticks.


[image: image] Clinical Pitfall

To avoid needlesticks, do not recap needles.

QSEN: Safety



The Needlestick Safety and Prevention Act was signed into law in November 2000. In 2001, the Occupational Safety and Health Administration (OSHA) developed guidelines to help prevent needlesticks. OSHA advises that prevention of needlesticks is best and recommends that health care employers select safer needle devices. Needlestick injuries should be tracked using a Sharps Injury Log. The purpose of this log is to identify problem areas. In addition, OSHA recommends that employers have a written Exposure Care Plan that is updated on an annual basis.


Giving Intradermal Drugs

A drug administered by the intradermal route is administered by an injection between the layers of the skin. The most common site for intradermal injections is the inner part of the forearm. The primary uses of intradermal injections are for:


• Allergy testing

• Local anesthetics

• Tuberculosis (TB) testing



The TB test is done with purified protein derivative. A small amount of drug is injected into the space between the epidermis and the dermis layers of the skin (Figure 2-7). This results in a bump (bleb) that looks like an insect bite. The volume of drug injected is small (0.01–0.1 mL), and the needle used is short and small ([image: image] inch, 25 gauge). [image: image]

[image: image]
FIGURE 2-7 A and B, Intradermal injection. (B from Harkreader, H., Thobaben, M., & Hogan, M. A. [2007]. Fundamentals of nursing: Caring and clinical judgment [3rd ed.]. Philadelphia: Saunders.)






What To Do Before Giving Intradermal Drugs

Put on gloves. Cleanse the injection site in a circular motion, beginning from the center and moving outward. Insert the needle at a 10- to 15-degree angle with the bevel facing up (Figure 2-8). Do not pull back (aspirate) on the plunger of the syringe. Inject the drug so a little bump forms and remove the needle. Do not massage the area. If the little bump does not form, the drug has probably been injected too deeply into the subcutaneous tissue, and test results will not be accurate. When this happens, discard the used equipment and use a different site with a new sterile needle and syringe for the intradermal injection


[image: image] Drug Alert!

Administration Alert



Use a small needle and a 10- to 15-degree angle for intradermal drugs. Do not aspirate before injecting the drug or massage afterward.

QSEN: Safety



[image: image]
FIGURE 2-8 Close-up of a needle with the bevel up.








What To Do After Giving Intradermal Drugs

Document the drug administration immediately. Check the patient for allergic or sensitivity reactions to the injection. These reactions may take several hours to days. Making a circle around the injection site with a pen may help to accurately check the site. Document any reactions and notify the prescriber. TB tests must be checked and read 2 to 3 days (48 to 72 hours) after the injection.







Giving Subcutaneous Drugs

A drug given by the subcutaneous route is injected into tissues between the skin and muscle (Figure 2-9). Although several drugs are given by this route, two drugs commonly given subcutaneously are insulin and heparin. Subcutaneous drugs are absorbed more slowly than intramuscular drugs. Typically these injections are from 0.5 to 1 mL. When a larger volume of drug is ordered, give the injection in two different sites with different syringes and needles. Small, short needles are used ([image: image] inch, 25 to 27 gauge). Sites for subcutaneous injections include the upper arms, the abdomen, and the upper back. Some sources also recommend use of the anterolateral thigh. Rotate the sites for the injections to avoid damage to the patient's tissues. [image: image]

[image: image]
FIGURE 2-9 Subcutaneous injection.






What To Do Before Giving Subcutaneous Drugs

Insert the needle at a 45-degree angle for most patients. If the patient is obese, you may need to use a 90-degree angle. If the patient is thin, you may need an angle that is less than 45 degrees. Before giving any subcutaneous injection, do not aspirate (pull back on the plunger of the syringe). Inject the drug and remove the needle.


[image: image] Clinical Pitfall

Be sure not to aspirate when giving subcutaneous heparin. Aspirating causes a vacuum and can lead to tissue damage and bruising when the heparin is injected.

QSEN: Safety






What To Do After Giving Subcutaneous Drugs

Apply pressure to prevent bleeding. If a patient has a bleeding disorder or is receiving anticoagulation therapy, you may need to apply pressure longer until the bleeding has stopped. Document giving the drug immediately, including the site used for injection. Check the patient for side effects, adverse effects, and expected effects. Document your findings.







Giving Intramuscular Drugs

A drug given by the intramuscular (IM) route is given by injection deep into a muscle (Figure 2-10). Because of the rich blood supply in the muscles, IM drugs are absorbed much faster than subcutaneous drugs. IM injections can also be much larger than subcutaneous injections (1 to 3 mL). Injections into an adult's arm should not be more than 2 mL. Infants and children usually do not receive more than 1 mL. If an injection order is for more than 3 mL, divide the dose and give two injections. Injections of more than 3 mL are not as well absorbed. [image: image]


[image: image] Drug Alert!

Administration Alert



IM injections of more than 3 mL are rare. To ensure that the drug dose is correct, carefully calculate and check it with another health care professional.

QSEN: Safety



[image: image]
FIGURE 2-10 Intramuscular injection.





Needles for these injections are longer (1 to 1.5 inches) and larger (20 to 22 gauge). Sites for IM injections include the upper arm deltoid muscle, the thigh vastus lateralis muscles, and the ventrogluteal muscle in the hip (Figures 2-11 through 2-13). The dorsogluteal site is not favored because of the presence of nerves and major blood vessels. This site is avoided in obese patients because research has shown that injections do not reach the muscle. Be sure to rotate injection sites when multiple IM injections are prescribed. Table 2-1 describes the advantages and disadvantages of IM injection sites.

[image: image]
FIGURE 2-11 Deltoid (arm) intramuscular injection site landmarks.





[image: image]
FIGURE 2-12 Ventrogluteal intramuscular injection site landmarks. (From Potter, P. A., & Perry, A. G. [2013]. Fundamentals of nursing: Concepts, process, and practice [8th ed.]. St. Louis: Mosby.)





[image: image]
FIGURE 2-13 Vastus lateralis (thigh) intramuscular injection site landmarks.






Table 2-1

Intramuscular Injection Site Advantages and Disadvantages



	INJECTION SITE
	ADVANTAGES
	DISADVANTAGES




	Deltoid (upper arm)
	Easily accessible
Useful for vaccinations in adolescents and adults
	Poorly developed in young children
Only small amounts (0.5-1 mL) can be injected



	Vastus lateralis (thigh)
	Preferred site for infant injections
Relatively free of large blood vessels and nerves
Easily accessible
	Intake or medication is slower than the arm but faster than buttocks



	Ventrogluteal (hips)
	Used for children age 7 or older and adults
Less likely to be inadvertently injected subcutaneously
	Patient anxiety due to unfamiliarity with site and visibility of site during injection








What To Do Before Giving Intramuscular Drugs

Help the patient into a comfortable position that is appropriate for the site you plan to use. Select the injection site by identifying the correct anatomic landmarks. Wash your hands and be sure to wear gloves. Cleanse the injection site. Using a 90-degree angle, insert the needle firmly into the muscle. Aspiration is not recommended for IM injection of vaccines or immunizations. For drugs such as penicillin, aspiration may be indicated. When indicated, aspirate the syringe (pull back on the plunger) to make sure that the needle is not in a vein. If the needle is in a vein, blood will appear in the syringe. Remove the needle and discard the drug if this happens. Get a new dose of the drug and a sterile needle and syringe and give the injection in another site. Once you have determined that the needle is not in a blood vessel, inject the drug and remove the needle.

Use the Z-track method of IM injection for drugs that are irritating to subcutaneous tissue or that may permanently stain the tissues (Figure 2-14). After drawing the drug into the syringe, draw in 0.1 to 0.2 mL of air. The air follows the drug into the muscle and stops it from oozing through the path of the needle. After you select and cleanse the site, pull the tissue laterally and hold it. Insert the needle into the muscle; inject the drug and release the tissue as you remove the needle. Releasing the tissue allows the skin to slide over the injection and seal the drug in the muscle.


[image: image] Drug Alert!

Administration Alert



With the Z-tract IM injection, draw up 0.1 to 0.2 mL of air after drawing up the drug. Injection of air keeps the drug in the muscle, and the drug does not ooze through the path of the needle.

QSEN: Safety



[image: image]
FIGURE 2-14 Z-track intramuscular injection. A, Displace the tissue downward, away from the injection site. B, Inject while holding the tissue away. C, Allow the displaced tissue to move back into place.








What To Do After Giving Intramuscular Drugs

Apply pressure after removing the needle to prevent bleeding. When charting the drug administration, be sure to include the injection site. Check the patient for adverse effects, side effects, and expected effects of the drug. Document your findings.







Giving Intravenous Drugs

A drug given by the intravenous (IV) route is injected directly into a vein (Figure 2-15). This route is selected when a drug needs to enter the bloodstream rapidly or when large doses of a drug must be given. The rates of absorption and action are rapid with this route. Emergency drugs may be given by a needle and syringe directly into a vein; however, most IV drugs are given slowly through a needle or catheter that has been inserted into a vein. The needle or catheter is attached to IV tubing with an injection port. IV drugs may be pushed slowly over 1 or more minutes, pushed rapidly over a few seconds, or given slowly by IV piggyback. They may be given through an IV line or a saline lock. [image: image]


[image: image] Memory Jogger

IV drugs may be given continuously or intermittently.



[image: image]
FIGURE 2-15 Intravenous injection.






What To Do Before Giving Intravenous Drugs

Check the IV site to make sure that it is patent. Document the condition of the IV site. If the drug has been added to IV fluid, be sure to remove all air from the tubing. (This is called priming the IV tubing.) If the drug is to be administered in a continuous IV infusion or an IV piggyback, it should be placed on an infusion pump to control the rate.


[image: image] Drug Alert!

Administration Alert



Always check the IV site before administering IV drugs. If an IV line is not patent, the drug will go into the tissue instead of the vein and may cause tissue damage.

QSEN: Safety



In most cases, registered nurses (RNs) will give IV push and IV piggyback drugs. Be sure to check the scope of practice laws of your state. In some states, licensed practical nurses or licensed vocational nurses may administer IV drugs with additional training.




What To Do After Giving Intravenous Drugs

Document that the drug has been given, including the site and flow rate. Continue to check the IV site for signs of these conditions:


• Infection

• Escape of fluid from the vein into tissue (extravasation)

• Collection of fluid in the tissues (infiltration)



If fluid escapes or collects in the tissues, the IV catheter must be discontinued and replaced in a different vein. As with administration of any drug, check the patient for side effects, adverse effects, or expected effects of the drug. Document these effects. To learn more about IV fluids, see Chapter 5.










Giving Percutaneous Drugs

A drug given by the percutaneous route is applied to and absorbed through the skin and mucous membranes. Absorption of these drugs is affected by several factors:


• Size of area covered by the drug

• Concentration or strength of the drug

• Time the drug remains in contact with the skin or mucous membranes

• Condition of the skin (breakdown, thickness, hydration, nutrition, and skin tone)




Giving Topical or Transdermal Drugs

A drug given by the topical route is applied directly to the skin for local effects. Topical drugs include creams, lotions, and ointments. They soften or lubricate the skin. Some are used to treat superficial infections of the skin. Topical drugs are applied in a thin, even layer over the affected area of skin.

A drug given by the transdermal route is applied to the skin, but it is absorbed and enters the bloodstream. The transdermal route allows the patient to maintain a steady blood level of the drug. For this reason, toxicity and adverse effects can usually be avoided. Examples of transdermal drugs are:


• Nitroglycerin to treat cardiac problems

• Scopolamine to treat dizziness and nausea

• Birth control

• Nicotine patches for smoking cessation

• Long-term pain drugs



They are applied as patches or ointments. Drug patches have a semipermeable membrane and an adhesive that attaches to the skin (Figure 2-16). Common sites of application include the chest, flank, back, and upper arms.

[image: image]
FIGURE 2-16 Applying a transdermal patch. A, Nitroglycerin patch. B, Remove plastic backing carefully, taking care not to touch the medication. C, Place the medication side of the patch on the patient's skin and press the adhesive to stay in place.






What To Do Before Giving Topical or Transdermal Drugs

Wash your hands and put on gloves. Clean the area of skin where the drug will be applied. Apply topical drugs in a smooth, thin layer, and cover the area. When administering transdermal drugs, remove old patches or doses of the drug. Be sure to remove all traces of the drug from the previous dosage site, and rotate sites to avoid skin irritation or breakdown.

Do not shave skin before applying topical or transdermal drugs. Shaving may cause skin irritation and change the absorption of the drug.




What To Do After Giving Topical or Transdermal Drugs

Document that the drug has been given, including the site where it was applied. Be sure to write the date, time, and your initials on the new patch. Check the patient for adverse effects or expected effects and document these. For example, headache and dizziness related to decreased blood pressure are common side effects of nitroglycerin ointment.







Giving Drugs Through the Mucous Membranes

Drugs may be absorbed through the mucous membranes. The following are examples of drug forms used for the different mucous membranes found in the body:


• Buccal or sublingual drugs are used in the mouth.

• Drops and ointments are applied to the eyes, nose, or ears.

• Inhalation drugs are drawn into the lungs.

• Suppositories and creams are used in the vagina.



Drugs are usually well absorbed through these areas; however, the blood supply to mucous membranes varies. When you administer a drug through mucous membranes, be sure to use a sterile procedure before placing eye drops or ointments and a clean procedure before giving drugs into the ears, nose, mouth, or vagina.


What To Do Before Giving Drugs Through the Mucous Membranes

Always check the order and the patient's identity. Wash your hands and wear gloves. Follow the eight “rights.”


Buccal and Sublingual Drugs.

Drugs given by the buccal route, such as lozenges, are placed between the cheek and molar teeth of the upper jaw (Figure 2-17). A drug given by the sublingual route, such as nitroglycerin, is placed under the tongue (Figure 2-18). The blood supply is very good in the mouth; therefore these drugs dissolve and are absorbed quickly. The patient should not eat or drink until the drug is completely dissolved. Teach the patient not to swallow or chew while the drug is in the mouth because these drugs are not effective if absorbed through the GI tract.


[image: image] Drug Alert!

Teaching Alert



Teach the patient to avoid swallowing any buccal or sublingual drugs.

QSEN: Safety



[image: image]
FIGURE 2-17 Giving buccal drugs.





[image: image]
FIGURE 2-18 Giving sublingual drugs.








Ear Drops.

Ear drops are drugs given to treat local infection or inflammation and should be kept at room temperature. Help the patient to lie on one side with the affected ear up. For children younger than 3 years, pull the ear lobe (pinna) down and back. For older children and adults, pull the ear lobe up and out (Figure 2-19). This straightens the ear canal. Do not let the ear dropper touch the ear. Have the patient stay in the same position for at least 5 minutes so the drug can coat the inner ear canal. Sometimes a cotton ball is ordered to be placed in the ear canal. Repeat this procedure for the other ear when both ears are affected.


[image: image] Drug Alert!

Administration Alert



Before giving ear drops to children younger than 3 years, pull the ear lobe down and back to straighten the ear canal. Before giving ear drops to older children and adults, pull the ear lobe up and out to straighten the ear canal.

QSEN: Safety



[image: image]
FIGURE 2-19 Giving ear drops. A, Children younger than 3 years: pull ear lobe down and back. B, Children older than 3 years and adults: pull ear lobe up and out.








Eye Drops and Ointments.

Administration of eye drops and ointments is discussed in detail in Chapter 29. [image: image]




Nose Drops.

Nose drops or sprays are most often used to treat congestion or infection. To give nose drops, draw the drops into a dropper. Ask the patient to gently blow his or her nose and then lie down with the head hanging over the edge of the bed. Hold the dropper over a nostril and give the ordered number of nose drops. Do not let the dropper touch the nose. Repeat for the second nostril if needed.

To give nasal spray, position the patient sitting up with one nostril blocked by a finger. Place the tip of the spray in the other nostril. Ask the patient to take a deep breath. During the deep breath, squeeze a puff of spray into the nostril. Wipe the spray bottle tip if it is to be used with both nostrils. Nasal sprays are absorbed quickly from the nasal mucosa. Do not use the same spray container for any other patient.




Inhalers.

Drugs may be inhaled through the respiratory tract. Different types of devices are used for delivery of inhaled drugs. Specific techniques for administering inhaled drugs are presented in Chapter 21.




Vaginal Drugs.

Vaginal drugs are given to treat irritation or infection. Types of vaginal drugs include creams, jellies, tablets, foams, or suppositories. These drugs should be kept at room temperature. Ask the patient to empty her bladder then lie down. Be sure to put on gloves after washing your hands. Suppositories are lubricated and given in the same way as rectal suppositories. Creams, jellies, tablets, and foams are given with a special applicator that is placed in the vagina as far as possible. The plunger of the applicator is pushed to give the drug. Be sure to have the patient lie down for 10 to 15 minutes after receiving these drugs.








What To Do After Giving Drugs Through the Mucous Membranes

Always document that the drugs have been given, including the route. Check the patient for any expected or unexpected actions of the drug that you have given. Document these effects.










Get Ready for Practice!


Key Points


• Always follow the procedures of the eight “rights” when giving drugs (right patient, right drug, right dose, right route, right time, right documentation, right diagnosis, and right response).

• The four types of drug orders are standing (routine), single dose, PRN, and STAT.

• Most drug errors occur while giving drugs. Following the procedure of the eight “rights” helps prevent drug errors.

• Nurses give most drugs to patients, and they are the final defense for detecting and preventing drug errors.

• Medication reconciliation and bar-code systems for giving drugs have led to decreases in drug errors.

• Always report a drug error immediately so actions can be taken to counteract any possible adverse drug reactions.

• Always listen to patients for clues to adverse effects when giving drugs.

• Always check the written order and pertinent laboratory values and vital signs before giving a drug.

• Always check the patient for expected effects, side effects, and adverse effects after giving a drug.

• Never crush tablets or open capsules without checking with the pharmacist first.

• Check the patient's ability to swallow before giving oral drugs.

• Always wear gloves and use Standard Precautions to protect yourself from the risk of exposure to body fluids when giving drugs.

• To avoid needlesticks, do not recap needles.




Additional Learning Resources

[image: image] Go to your Study Guide for additional learning activities to help you master this chapter content.




Review Questions

See the Answer Keys—In-text Review Questions for answers to these questions.


Test Yourself on the Basics


1. Which of the eight rights should you apply immediately after you give a drug?

A. Right drug

B. Right patient

C. Right documentation

D. Right dosage

2. For which order do you administer a drug as the patient needs it?

A. Routine order

B. STAT order

C. One-time order

D. PRN order

3. Which process was developed to ensure that a patient receives the correct medications when transferred from the ICU to a medical patient care unit?

A. Medication reconciliation

B. Bar-code scanners

C. Online charting

D. Error reporting protocol

4. Which are parenteral routes? (Select all that apply.)

A. Sublingual

B. Intradermal

C. Buccal

D. Rectal

E. Subcutaneous

F. Intravenous

5. What must you do to protect yourself when giving a topical drug like nitroglycerin ointment?

A. Check the patient's blood pressure.

B. Put on clean gloves.

C. Spread the drug in a smooth layer.

D. Wear a disposable gown.




Test Yourself on Advanced Concepts


6. What is the best way to check that you are giving the drug to the right patient?

A. Ask the patient's name.

B. Look at the patient's bedside chart.

C. Check the patient's wristband.

D. Check two unique patient identifiers.

7. A patient receiving a daily dose of furosemide needs a daily dose of oral potassium. Which type of order does the prescriber use?

A. Standing/routine order

B. One-time order

C. PRN order

D. STAT order

8. Which intervention is the best way to prevent drug errors such as omissions, duplications, dosing errors, and drug interactions?

A. Double check the written drug order.

B. Follow the procedure of the eight “rights.”

C. Use the process of medication reconciliation.

D. Check the patient's wristband for identification.

9. Before giving any drug that you are not familiar with to a patient, what do you need to know about the patient? (Select all that apply.)

A. The patient's allergies

B. Previous adverse reactions to drugs

C. Pertinent laboratory values

D. The patient's family history of illnesses

E. Important changes in the patient's condition

F. Any over-the-counter drugs that the patient is taking

10. Which priority assessment must you make before giving any patient an oral drug?

A. Quiz the patient about the action of each drug.

B. Make sure that the patient can swallow.

C. Find out if the patient prefers cold or room temperature liquids.

D. Ask the patient to repeat his or her name and birthdate.

11. Which actions are essential for safety when administering a parenteral drug to a patient? (Select all that apply.)

A. Never recap needles.

B. Clean the injection site in a circular motion from the outside to the inside.

C. Use a 1-inch, 22-gauge needle and a 90-degree angle for injection.

D. Place all used needles and syringes in a “Sharps” container.

E. Wear gloves to avoid exposure to blood or body fluids.

F. Always inject the drug in the same site.

12. You are teaching a patient about a prescribed transdermal drug. What will you be sure to tell the patient? (Select all that apply.)

A. “This route will allow you to keep a steady blood level of the drug.”

B. “Be sure to apply the drug patch to your upper thigh.”

C. “Shave the hair from your skin before applying your transdermal patch.”

D. “Remove the old patch when you apply a new one.”

E. “Rotate the sites where you place the patch to avoid skin irritation or breakdown.”

F. “Remove any drug left on the old site.”

13. You are to give ear drops to a 10-year-old child. Which technique will you use?

A. Pull the ear lobe up and out.

B. Pull the ear lobe down and back.

C. Pull the ear lobe out and back.

D. Pull the ear lobe up and back.

14. Your patient it to receive medications through an NG tube. What should you do when testing a patient's NG tube with an end-tidal CO2 detector if CO2 is present?

A. Inject an air bolus to see if the tube is positioned in the stomach.

B. Flush the tube with 20 mL of water.

C. Hold the medication because the tube is in the trachea.

D. Crush the pills and dilute them in water.
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Chapter 3

Mathematics Review and Introduction to Dosage Calculation


Objectives

After studying this chapter you should be able to:


1. Identify the numerator and denominator of a fraction.

2. Identify a proper and an improper fraction.

3. Change a whole number into a fraction.

4. Change a mixed number into a fraction.

5. Reduce a fraction to its lowest terms.

6. Calculate the lowest common denominator of a series of fractions.

7. Add two or more fractions and subtract two or more fractions.

8. Multiply two fractions and divide two fractions.

9. Identify the divisor and the dividend of a decimal problem.

10. Multiply two decimals and divide two decimals.

11. Change a fraction into a decimal and a decimal into a fraction.

12. Calculate a given percentage of a number.

13. Compare the dose on hand (what you have) with the dose that has been prescribed (what you want).

14. Calculate the number of tablets or amount of liquid drug needed to make the prescribed dose.

15. Convert a set of fractions into a proportion.

16. Solve for “X” (the unknown) in a math problem.






Key Terms


decimal (DĚS-ĭ-mŭl) (p. 50)The part of a whole number based on a system of units of 10 (for example, 0.5 is 5 tenths of 1).



decimal point (DĚS-ĭ-mŭl PŌYNT) (p. 50)The dividing point between whole numbers and parts of numbers in a system based on units of 10.



denominator (dē-NŎM-ĭn-ā-tŭr) (p. 46)The bottom number in a fraction, the dividing number (for example, in [image: image] the denominator is 4); same as divisor.



dividend (DĬ-vĭ-děnd) (p. 52)The number to be divided in a division problem (for example, in [image: image] the dividend is 3); same as numerator.



divisor (dĭ-VĪ-zŭr) (p. 52)The number the dividend is divided by (or that is divided into the dividend) (for example, in [image: image] the divisor is 4); same as denominator.



fraction (FRĂK-shŭn) (p. 46)A part of a whole number obtained by dividing one number by a larger number.



improper fraction (ĭm-PRŎ-pŭr FRĂK-shŭn) (p. 47)A fraction that has a top number (numerator) that is larger than the bottom number (denominator). The final answer to an improper fraction is always greater than the number 1.



mixed-number fractions (MĬKST NŬM-bŭr FRĂK-shŭnz) (p. 47)Whole numbers with a fraction attached.



numerator (NŪ-mŭr-ā-tŭr) (p. 46)The top number in a fraction that is divided by the bottom number (denominator) (for example, in [image: image] the numerator is 3; same as dividend).



percent (pŭr-SĔNT) (p. 53)The expression of how a number is related to 100; literally “for each hundred.”



proper fraction (PRŎ-pŭr FRĂK-shŭn) (p. 47)A fraction in which the top number is smaller than the bottom number. The final answer to a proper fraction is always less than the number 1.



proportion (prō-PŌR-shŭn) (p. 56)An equal mathematic relationship between two sets of numbers.



quotient (KWŌ-shĕnt) (p. 52)The answer to a division problem.



reduced fractions (rē-DŪST FRĂK-shŭnz) (p. 47)Fractions that have been changed to their lowest common denominator (that is, both the numerator and the denominator of a fraction have been divided by the same number evenly).



scored tablet (SKŌRD TĂB-lĕt) (p. 55)A tablet that has a line etched into it, marking the exact midpoint. Cutting (or breaking) a tablet along this line gives you two halves with known dosages.





Why Do Health Professionals Need Mathematics?

You have probably taken drugs at some time in your life, either over-the-counter or prescription drugs. As a nurse you will be responsible for giving drugs to others safely and accurately. As a pharmacy technician you will be responsible for preparing medications. As a medical assistant you may be responsible, under the direction of a health care provider, for giving drugs to others.

All drugs work better if they are given at the right dose. This is one of the eight rules for drug administration known as the eight rights (see Chapter 2). Understanding math helps to ensure that a drug is given at the right dose.


[image: image] Memory Jogger

Use math correctly to calculate or check drug dosages, which is an important “right” of correct drug administration.



Drugs may not come from the pharmacy prepared in exactly the right dose to give to a patient. You may need to calculate how much to give from what you have on hand (available). Dosage calculations are performed in the same way whether the drug is a tablet, oral liquid, injectable liquid, or suppository.

This chapter and Chapters 4 and 5 contain all the basic skills and equivalencies needed to solve any drug dosage problem. Traditional math terms are used only when they help you to understand the dosage calculation concept. Basic math is logical, and you can understand it. If you already have a good working knowledge of the principles of basic math, check yourself by working the problems in the “MATH CHECK” section of this chapter.




Math Check

The answers to these problems are located at the end of the chapter. If you work these problems correctly, you probably do not need to review the chapter. If you have a weakness in any specific area, review the content and principles for that area.


Math Check Problems

MC-1: Change these mixed-number fractions into improper fractions.


a. [image: image]

b. [image: image]



MC-2: Reduce each of these fractions to their lowest common denominators.


a. [image: image]

b. [image: image]



MC-3: How many zeros can you chop and drop?


a. [image: image]

b. [image: image]



MC-4: Which fraction represents the largest part of the whole for a and b? What is the lowest common denominator for each set of three fractions?


a. [image: image], [image: image], or [image: image]

b. [image: image], [image: image], or [image: image]
Which fraction represents the smallest part of the whole for c and d? What is the lowest common denominator for each set of three fractions?

c. [image: image], [image: image], or [image: image]

d. [image: image], [image: image], or [image: image]



MC-5: Add these fractions. If a sum is an improper fraction, convert it to either whole number or to a mixed-number fraction.


a. [image: image]

b. [image: image]



MC-6: Add these fractions. If the sum is an improper fraction, convert it to either a whole number or a mixed-number fraction. Reduce the answers to their lowest common denominators.


a. [image: image]

b. [image: image]



MC-7: Subtract these fractions. If a fraction is a mixed-number fraction, first convert it to an improper fraction. Reduce answers to their lowest common denominators.


a. [image: image]

b. [image: image]



MC-8: Subtract these fractions. If a fraction is a mixed-number fraction, first convert it to an improper fraction. Reduce answers to their lowest common denominators.


a. [image: image]

b. [image: image]



MC-9: Multiply these fractions.


a. [image: image]

b. [image: image]



MC-10: Divide these fractions.


a. [image: image]

b. [image: image]



MC-11: Decimals as parts of a whole:


a. 0.50 = How many parts of a whole?

b. 2.48 = How many whole numbers and how many parts of a whole?



MC-12: Multiply these decimals.


a. 16.5 × 0.5

b. 1.2 × 1.2



MC-13: Divide these decimals.


a. 52.8 ÷ 12

b. 1.4 ÷ 1.4



MC-14: Change the following fractions to decimals and decimals to fractions.


a. 0.065

b. [image: image]



MC-15: Work to three places and then round to two places.


a. [image: image]

b. [image: image]



MC-16: Convert the following percents into fractions.


a. [image: image]

b. 7%



MC-17: Find the percentages of the whole number.


a. 0.6% of 50

b. 20% of 120



MC-18: How many tablets should you give?


a. Want carvedilol 25 mg; Have carvedilol 6.25 mg

b. Want estrogen 0.0625 mg; Have estrogen 0.125 mg



MC-19: How many milliliters should you give?


a. Want diphenhydramine (Benadryl) 50 mg; Have diphenhydramine 25 mg/5 mL

b. Want chloral hydrate syrup 100 mg; Have chloral hydrate syrup 500 mg/5 mL



MC-20: How many milliliters should you give by injection?


a. Want penicillin 50,000 units; Have penicillin 1,000,000 units/50 mL

b. Want prochlorperazine (Compazine) 10 mg; Have prochlorperazine 5 mg/mL



MC-21: Express the following problems as a fractional proportion.


a. If one box of eggs has 18 eggs, then two boxes have 36 eggs.

b. If one chewable tablet of diphenhydramine contains 12.5 mg, then four chewable tablets have 50 mg.



MC-22: How many milliliters should you give?


a. Want carbamazepine (Tegretol) 75 mg oral suspension; Have carbamazepine 100 mg/5 mL

b. Want acetaminophen (Tylenol) 100 mg; Have acetaminophen 160 mg/5 mL










Getting Started

Of course you can use a calculator to work all math problems, but beware! For a calculator to arrive at the correct answer, you must be sure to set the problem up correctly. This involves entering the numbers into the calculator in the right order. Entering the numbers into the calculator in the correct order is known as the order of operation. If you understand the math principle, you will be more likely to enter the numbers correctly. The location of the keys on a calculator can differ from one brand to another. So be sure to practice with your calculator before you use it at work to calculate drug dosages. Practice makes perfect!

Remember that math problems are punched into a calculator just like they are written or just like you would say them aloud. For example, 24 × 12 is punched in as 2, 4, ×, 1, 2 = answer. If you punch in any of the numbers backwards (for example, 4, 2, ×, 1, 2 or 2, 4, ×, 2, 1), the answer will be wrong.

Always use common sense whether you are using a calculator or a paper and pencil. Always ask yourself, DOES IT MAKE SENSE? Some people refer to this thinking as the “DIMS test.” If the answer doesn't look right (for example, give 15 tablets), it probably isn't right! Think about it again and rework the problem.


[image: image] Drug Alert!

Administration Alert



Use the DIMS (“does it make sense”) test when calculating a drug dose. If your answer requires more than four tablets or more than one syringe, it is probably wrong.

QSEN: Safety



Some types of drugs are high-alert drugs and are very dangerous if the dosage is miscalculated. These include potassium, insulin, narcotics, chemotherapy and cardiac drugs, and heparin or other anticlotting drugs. Remember these dangerous drugs with the term PINCH. After you calculate one of these drug doses, always have another health care professional independently double check your calculation.


[image: image] Memory Jogger

High-alert or PINCH drugs include potassium, insulin, narcotics (also known as opioids), chemotherapy and cardiac drugs, and heparin or other anticlotting drugs.






Talking About Numbers: A Whole Number Versus a Part of a Number

If you are comfortable with the difference between whole numbers and a part of a number, just skip to the next section. Let's review whole numbers versus fractions. A fraction is a part of a whole number obtained by dividing one number by a larger number. The simplest way to do this is to think about money. A $1 bill represents the whole number one (1). A $1.25 amount is both a whole dollar (1) and a part of another dollar. The 25 cents is a fraction of the second $1. If you wrote it out, it would be 25 out of 100 cents, or [image: image]. The same amount written as a decimal would be $0.25. Both express the exact same amount of money. So the dollar is a whole number, and the 25 cents is a part or fraction of another whole number. Figure 3-1 shows the relationship of a fraction (part of a whole number) to a whole number.

[image: image]
FIGURE 3-1 Comparison of part of a number to a whole number.






Fractions

A fraction is a part of a whole number obtained by dividing one number by a larger number. Any fraction (for example, [image: image]) is actually a division problem. The fraction [image: image] is the same as [image: image] or 25 ÷ 100. So any number over another number is a fraction. The top number in a fraction, in this example 25, is called the numerator. Remember the numerator as being “numero uno,” No. 1, the best! The number on the bottom in a fraction is the denominator. In the example [image: image], the denominator is 100.


[image: image] Memory Jogger

Remember the word NUDE. The top number in a fraction is the numerator (NU), and the bottom number is the denominator (DE): NU/DE



Any number can be expressed as a fraction, even a whole number. To make a whole number a fraction, simply make the denominator of the fraction 1. Thus the whole number 2 has the same value when written as the fraction [image: image]. When any whole number is written as a fraction, the whole number is always on top (numerator), and the denominator (1) is always on the bottom. Remembering this concept will help you solve drug dosage problems using fractions.


[image: image] Memory Jogger

Whenever a whole number is written as a fraction, the whole number is on top, and the denominator is always 1.




Different Types of Fractions

There are several types of fractions, including proper fractions, improper fractions, mixed-number fractions, and reduced fractions. The differences are simple, and you can do it!



Proper Fractions.

A proper fraction is one in which the top number is smaller than the bottom number. So [image: image] is a proper fraction. A proper fraction is the most common type of fraction. The value of a proper fraction is always less than the number 1. For example, the answer to [image: image] (which is really [image: image] or 25 ÷ 100) is 0.25, a number less than 1.


[image: image] Memory Jogger

The value of a proper fraction is always less than 1; for example, [image: image].






Improper Fractions.

Improper fractions didn't do anything wrong. They are just different from proper fractions, which represent only part of a whole number. A fraction can also have a top number (numerator) that is bigger than the bottom number (denominator) (for example, [image: image]). This number is still a fraction, but it represents more than the number 1. So an improper fraction is a fraction that has a top number (numerator) that is larger than the bottom number (denominator), meaning that the value is greater than 1. For example, [image: image] is really [image: image] or 125 ÷ 100, and the answer is 1.25.


[image: image] Memory Jogger

The value of an improper fraction is always greater than 1; for example, [image: image], or 1.25.






Mixed-Number Fractions.

Mixed-number fractions are whole numbers with a fraction attached. For example, [image: image] is a mixed-number fraction; 1 is a whole number, and [image: image] is a fraction. A mixed-number fraction can be changed into an improper fraction by multiplying the denominator (4) times (×) the whole number (1) and adding the numerator (2). 4 × 1 = 4 + 2 = 6. Now make 6 the new numerator (top number) with the same denominator (4) and you get [image: image], an improper fraction. Being able to convert mixed-number fractions into improper fractions is useful when you have to multiply proper and improper fractions together.


[image: image] Try This!

TT-1 Change these mixed-number fractions into improper fractions.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.






Reduced Fractions.

Reducing fractions is a way to make fractions “simpler” and easier to use. Reduced fractions have been changed to their lowest common denominator. This means that both the top number (numerator) and the bottom number (denominator) of a fraction have been divided evenly by the same number. For example, the part of a dollar ([image: image], or 25 cents out of 100 cents in a dollar) is also equal to [image: image] of a dollar. To change [image: image] into [image: image], divide both the numerator and the denominator by the largest number possible that will go evenly into both numbers. In this example both 25 and 100 can be divided evenly by 25. You have just reduced this fraction to its lowest common denominator! When you are working with a drug dosage problem, wouldn't it be easier to work with [image: image] rather than with [image: image]? The final dosage answer is the same either way.

If you find it hard to think of a large number that can be divided evenly into both the numerator and the denominator, start with several small numbers. For example, in [image: image] each number can be divided evenly by 5. This answer, [image: image], can then be divided by 5 again to get to [image: image]. Does this make sense? Do whatever is easier for you. The final answer is the same.


[image: image] Try This!

TT-2 Reduce each of these fractions to their lowest common denominators.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.






Reducing Special Fractions.

How do you manage fractions with larger numbers, such as [image: image]? You could reduce it the way it is (dividing 240 by 120), and the answer is 2. There is a way to make it a little easier. Because both the top number (numerator) and the bottom number (denominator) end in zero, you can “chop off” both zeros and be left with [image: image]. By chopping off the zeros, you are actually dividing both the numerator (240) and the denominator (120) by 10, resulting in a new numerator of 24 and a new denominator of 12. The answer is still 2 because you divided both the numerator and the denominator by 10. However, be careful because this shortcut only applies to zeros. You can use it with any number of zeros as long as there are an equal number of them on both the top and bottom of a fraction. For example, [image: image] can be chopped off to [image: image]. The answer to reducing both fractions is the same! When reducing a fraction by 10, chop off one zero from both the numerator and the denominator. For example, this reduces [image: image] to [image: image]. When reducing a fraction by 100, chop off two zeros from both the numerator and the denominator. For example, this reduces [image: image] to [image: image]. When reducing a fraction by 1000, chop off three zeros from both the numerator and the denominator (for example, [image: image] is reduced to [image: image]).


[image: image] Memory Jogger

When dividing a fraction with both the top and bottom numbers ending in zero, you can chop off the same number of zeros from both numbers.




[image: image] Try This

TT-3 How many zeros can you chop and drop?


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.










Comparing Fractions

There may be times when you must compare several drugs and determine which dose is the strongest (or weakest). What if the dose comes in [image: image], [image: image], and [image: image] strengths? How are you going to decide which is the strongest dose?

If the numerators (top numbers) are all 1, you can just think of slices of a pizza. Would you get a bigger slice if you had [image: image] or [image: image] of the pizza? Figure 3-2 shows the comparison of sizes by fractions. Don't be fooled into thinking that the biggest denominator gives the biggest slice. It is actually the other way around! As you can see in Figure 3-2, if the numerators are all the same (in this case they are all equal to 1), the smallest denominator gives the biggest slice (or the strongest dose).


[image: image] Memory Jogger

When the numerator of a fraction is 1, the bigger the denominator, the smaller the fraction.



[image: image]
FIGURE 3-2 Fraction sizes.





But what if the denominators AND the numerators are different? Consider the fractions [image: image] and [image: image]. How can these fractions be compared? Because they are different, you cannot compare them until you first rewrite the fractions to find the lowest common denominator. As you recall from the section on reducing fractions, this means that, to be able to compare the two strengths, you first have to convert both of them to the same denominator. Once you convert them to the same denominator, you can figure out exactly how they are related by comparing their numerators.

The best way to make them have a common denominator is to determine the lowest bottom number that both can be divided into evenly. For 3 and 4, that number is 12. To determine the lowest common denominator, start writing all the multiples of both denominators. Multiples of 3 are 3, 6, 9, 12, 15, 18, and so on because 1 × 3 = 3, 2 × 3 = 6, 3 × 3 = 9, 4 × 3 = 12, 5 × 3 = 15, and 6 × 3 = 18. Multiples of 4 are 4, 8, 12, 16, 20, 24, and so on because 1 × 4 = 4, 2 × 4 = 8, 3 × 4 = 12, 4 × 4 = 16, 5 × 4 = 20, and 6 × 4 = 24. When you compare the multiples of 3 with the multiples of 4, the first number that appears on both lists is 12. For denominators of 3 and 4, then, the lowest common denominator is 12. This means that you will now use 12 as the new denominator for both fractions. Now, take each original denominator (3 and 4) and divide it into 12. Take each answer and multiply it by its numerator. That number becomes the new numerator for each fraction. For example, for the first fraction [image: image], when you divide the new denominator 12 by the old denominator (3), you get 4. Now multiply the old numerator (2) by 4, and you get 8. So when the common denominator is 12, [image: image] is equal to [image: image]. Those of you who love math may have noticed that the cross products are equal (2 × 12 is equal to 3 × 8)! This will tell you that your answer is correct.

Next try the fraction [image: image]. Did you get [image: image]? Now that both the original fractions have the same denominator ([image: image] and [image: image]), you can easily see which one is the strongest or biggest ([image: image])! Do you see that [image: image] (or [image: image]) has more parts of the whole ([image: image]) than [image: image] (or [image: image]), and so it is the strongest dose?


[image: image] Try This!

TT-4 Which fraction represents the largest part of the whole for a and b? What is the lowest common denominator for each set of three fractions?


a. [image: image], [image: image], or [image: image]

b. [image: image], [image: image], or [image: image]
Which fraction represents the smallest part of the whole for c and d? What is the lowest common denominator for each set of three fractions?

c. [image: image], [image: image], or [image: image]

d. [image: image], [image: image], or [image: image]



Answers are at the end of this chapter.






Adding Fractions

Adding fractions that have the same denominator is as simple as adding whole numbers. The math symbol for addition is a plus sign (+). When adding fractions that have the same denominator, you only add the numerators (top numbers). For example, when adding [image: image], just add the numerators (2 + 1 = 3) and place that answer (the sum) on top of the original denominator. (The denominator does not change.) The result is [image: image]. You can add any amount of fractions with the same denominators in this way. For example, the answer to the addition problem [image: image] is [image: image]. When the sum of fractions is an improper fraction, convert it to a mixed fraction. In this case the answer ([image: image]) can be converted to the mixed-number fraction of [image: image].


[image: image] Try This!

TT-5 Add these fractions. If a sum is an improper fraction, convert it to a mixed-number fraction.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.



Adding fractions that have different denominators requires that they all first be converted to the same lowest common denominator, just as is necessary when comparing fractions. Then the numerators can be added in the same way as for fractions that started out with the same denominators. How would you add [image: image]? First, calculate the multiples of each denominator. For the denominator of 2 the multiples are 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, and so on. For the denominator of 5 the multiples are 5, 10, 15, 20, 25, 30, 35, and so on. The numbers 10 and 20 are common to both 2 and 5. However, the multiples of 4 are 4, 8, 12, 16, 20, 24, 28, and so on. The number 10 is not a multiple of 4, but 20 is a multiple of all three denominators. So 20 is now our common denominator. To make the fraction [image: image] have a common denominator of 20, multiply both its numerator (1) and its denominator (2) by 10 to get [image: image]. To make the fraction [image: image] have a common denominator of 20, multiply both its numerator (4) and its denominator (5) by 4 to get [image: image]. To make the fraction [image: image] have a common denominator of 20, multiply both its numerator (3) and its denominator (4) by 5 to get [image: image]. Next add [image: image], which equals [image: image]. Then change this improper fraction to the mixed-number fraction of [image: image].


[image: image] Try This!

TT-6 Add these fractions. If the sum is an improper fraction, convert it to either a whole number or a mixed-number fraction. Reduce the answers to their lowest common denominators.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.






Subtracting Fractions

The need to subtract fractions is rare for drug calculations or drug preparation, so this review of subtracting fractions is brief. Not only is subtracting fractions rare in drug calculation, negative numbers are not used. This means that you would not need to subtract the larger numerator from the smaller numerator.

The math symbol for subtraction is a minus sign (–). When subtracting two fractions that have the same denominator (bottom number), subtract the smaller numerator (top number) from the larger one. For example, when subtracting [image: image], simply subtract 1 from 2 (2 − 1) and place that answer on the original denominator. The result is [image: image].


[image: image] Try This!

TT-7 Subtract these fractions. If a fraction is a mixed-number fraction, first convert it to an improper fraction. Reduce answers to their lowest common denominators.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.



Subtracting fractions that have different denominators first requires their conversion to the same lowest common denominator, just as you did when adding fractions with different denominators. After they have been converted to the lowest common denominator, the numerators can be subtracted in the same way as for fractions that began with the same denominators. For example, to subtract [image: image], first find the lowest common denominator (as described under “Comparing Fractions” on p. 48), which is 35. Then multiply the numerators by the amount needed to make their denominators become 35. (That would be 5 for the first fraction and 7 for the second fraction.) Multiply the numerator (4) in [image: image] by 5 and place that number on the new denominator to get [image: image]. Then multiply the numerator (2) in [image: image] by 7 and place that number on the new denominator to get [image: image]. Subtract [image: image] from [image: image] ([image: image]).


[image: image] Try This!

TT-8 Subtract these fractions. If a fraction is a mixed-number fraction, first convert it to an improper fraction. Reduce answers to their lowest common denominators.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.






Multiplying Fractions

Multiplying fractions is fairly straightforward. The math symbol for multiplication is “×.” Look at all the fractions in an equation that you need to multiply. For example, multiply [image: image]. First make sure that all the fractions are reduced to their lowest possible terms (but you do not have to find the lowest common denominator). So reduce [image: image] to [image: image]. Then see if there are any mixed-number fractions and change them to improper fractions. For this example, change the mixed-number fraction [image: image] into an improper fraction ([image: image]). Now you have [image: image]. To get the answer, simply multiply all the numerators (top numbers) straight across the top (1 × 11 = 11). Doing this makes a new numerator. Now do the same thing with the denominators (3 × 6 = 18). Doing this makes a new denominator. The new total is now [image: image]. That's it!


[image: image] Try This!

TT-9 Multiply these fractions.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.






Dividing Fractions

Fractions that need to be divided are usually written out with the math symbol for division (÷), (for example, [image: image] divided by [image: image], or [image: image]). To divide these fractions, flip (invert) the second fraction so the problem now reads [image: image]. Multiply across the numerators and denominators as you did when multiplying two fractions. The answer is [image: image]. If possible, reduce the fraction answer to its lowest terms. In this case, [image: image] cannot be reduced further.

If your division involves a whole number to be divided by a fraction (for example, [image: image]), change the whole number 2 into a fraction by putting it over 1. The whole number 2 is the fraction [image: image]. (Remember that all whole numbers can be expressed as fractions by putting the whole number over 1.) Therefore the problem is now [image: image]. After you invert (flip) the second fraction, the problem is [image: image]. Reduce this fraction to [image: image]. That's it!

Dividing a fraction by a whole number works the same way. For the problem [image: image], first convert it to [image: image] and flip (invert) the second fraction, converting the problem to [image: image]. The answer is [image: image]!


[image: image] Try This!

TT-10 Divide these fractions.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.









Decimals

A decimal, like a fraction, describes parts of a whole. Decimals and fractions are related because decimals can be written as fractions and fractions can be written as decimals. To understand how to change from one to the other, you must first understand that the place value of decimals is based on multiples of 10. We will talk about the relationship between fractions and decimals a little later.

The key to understanding decimals is to understand the way they are written. A decimal point is the dividing point between whole numbers and parts of numbers in a system based on units of 10 (Table 3-1). It is located between the whole number and the part of the whole number.


[image: image] Memory Jogger

Decimal places are always written in (and represent) multiples of 10.




[image: image] Did You Know?

The beginning of the word decimal is Latin for ten (dec-).




Table 3-1

Decimal Table and Conversions



	WORD DESCRIPTION
	NUMBER
	FRACTION




	Hundred thousands
	100,000
	[image: image]



	Ten thousands
	10,000
	[image: image]



	Thousands
	1,000
	[image: image]



	Hundreds
	100
	[image: image]



	Tens
	10
	[image: image]



	Ones/units
	1
	[image: image]



	Decimal point
	.
	



	Tenths
	0.1
	[image: image]



	Hundredths
	0.01
	[image: image]



	Thousandths
	0.001
	[image: image]



	Ten thousandths
	0.0001
	[image: image]



	Hundred thousandths
	0.00001
	[image: image]



	Millionths
	0.000001
	[image: image]







Any number to the left of a decimal point is a whole number. So the whole number 125 is written from left to right as 1 one hundred, 2 tens, and 5 ones (or right to left as 5 ones, 2 tens, and 1 one hundred). By now you do this instinctively because you started doing it in first grade!

Any number to the right of the decimal point is a part of the whole number. So the decimal 0.25 is 25 parts of 100 because the place value of the 5 is hundredths, and 0.025 is 25 parts of a thousand because the third place after the decimal point (in this case the 5) has a place value of thousandths. The place to the right or left of the decimal determines the value of a number.


[image: image] Clinical Pitfall

The places to the right or left of the decimal point determine the value of a number. So always put a zero before the decimal point of any proper fraction written as a decimal. If you don't, 0.25 g of a drug written as .25 could be misread as 25 g of a drug: a BIG overdose. For example, an adult morphine dose of 5 mg is normal, but a pediatric morphine dose might be .5 mg and should be written as 0.5 mg. If this dose is read as 5 mg, it is 10 times the normal dose, which could be lethal.

QSEN: Safety



When working with drug dosages, always put a zero before the decimal point of any number less than 1 to indicate that there are no whole parts (for example, write .5 mg as 0.5 mg). When you are tired, reading a fax order, or reading an order written on no-carbon-required (NCR) paper, the numbers may not be clear; a decimal point could easily be missed, leading to a serious drug dosage error.

Never put any extra zeros, known as trailing zeros, at the end of a decimal when writing a drug dose. Trailing zeros are useless and can be confusing. For example, although 0.25 is equal to 0.250, 0.250 could be easily misread as 250 instead of 25 parts when measuring drugs. Always chop off those trailing zeros to the right of the decimal point (but only the end zeros).


[image: image] Try This!

TT-11 Decimals as parts of a whole:


a. 0.3 = How many parts of a whole?

b. 0.75 = How many parts of a whole?

c. 5.1 = How many whole numbers, and how many parts of a whole?

d. 2.2 = How many whole numbers, and how many parts of a whole?



Answers are at the end of this chapter.




Adding and Subtracting Decimals

Adding and subtracting decimals is exactly the same as adding and subtracting whole numbers. The key to ensuring that you obtain the correct answer when adding or subtracting decimals is to keep the decimal points in all the numbers that you are adding in the same position. For example, when adding 7.25, 9.3, and 11.71, position the decimal points as shown in the following problem.

[image: image]




Follow the same procedure when subtracting decimals (for example, 42.22 from 98.61).

[image: image]







Multiplying Decimals

Multiplying decimals is almost as easy as multiplying whole numbers. The only difference is that your answer has to contain the right number of decimal places for it to make sense. The key is to count the total number of decimal places (the number of digits after the decimal point) in the whole problem and then make sure that the same amount of decimal places are in the answer. So you do not need to keep track of the decimals until you have an answer!

To multiply 2.4 × 4, treat the numbers as 24 × 4 and multiply, which equals 96. Now add the number of decimal places in both numbers. There is only one decimal place for this problem (it is in 2.4). Starting from the far right of 96, count one space to the left and place the decimal point; 9.6 is the correct answer. Try multiplying a decimal by another decimal. For example, when multiplying 2.4 × 3.6, treat it as 24 × 36; 964 is the correct answer. Add the number of decimal places in both numbers that were multiplied. There is one decimal place in 2.4 and one decimal place in 3.6, for a total of two decimal places. Starting from the far right of 964, count two spaces to the left and place the decimal point; 9.64 is the correct answer. Now multiply 4.3 × .21 by treating it as 43 × 21, with 903 being the answer. There are three decimal places in the number being multiplied (one in 4.3 and two in .21). So starting from the far right of 903, count spaces to the left, and place the decimal point for 0.903 as the correct answer. Remember, just as when you multiply whole numbers, it is important to line up your numbers properly when you are doing the problem without a calculator.


[image: image] Try This!

TT-12 Multiply these decimals.


a. 100 × 0.25

b. 51.2 × 2.1

c. 15.5 × 10

d. 40.5 × 2.4



Answers are at the end of this chapter.






Dividing Decimals

Let's start by dividing a decimal by a whole number: [image: image], or, to put it another way, [image: image] or 36.48 ÷ 2. The number being divided (or divided into) is 36.48 and is known as the dividend. The number doing the dividing (in this case 2) is the divisor. The answer to a division problem is the quotient.

The problem works like any other division problem except that you must be sure that the decimal point in the answer is placed exactly above the one in the dividend. So first put the decimal point for the answer exactly above the one in the dividend (36.48):

[image: image] Then complete the division: [image: image] Does this make sense?

To check division, multiply the divisor (2) and the quotient (18.24). Your answer should equal the dividend (36.48). If you don't get the dividend, your division was wrong, and you must redo it.


[image: image] Memory Jogger

Divisor×Quotient (answer) =Dividend    (if you divided correctly).

[image: image]



Dividing a decimal by a decimal is a little harder, but the principle is the same. Keep in mind that you always have to divide by a whole number. If your divisor is a decimal, you have to move the decimal point all the way to the right to make it a whole number. Whatever you do to the divisor, you also must do to the dividend. So move the decimal point in the dividend the same number of decimal spaces. For example, in the problem [image: image] or [image: image], moving the decimal point in the divisor all the way to the right involves moving it one place: changing 1.6 to the whole number 16. Now move the decimal point in the dividend (32.4) one place to the right (an equal number of places) so 32.4 becomes 324, giving you [image: image]. Divide as usual, and you should get [image: image]. Check your answer in the same way as mentioned previously: multiply the divisor (16) and the answer (quotient, 20.25). The result should equal the dividend (324).

Dividing a whole number by a decimal also requires moving the decimal points to make things even. In a whole number, the decimal point is located at the end of the number. For example, the whole number 4 actually equals 4. Using [image: image], which is the same as [image: image] or 4 ÷ 2.5, move the decimal point one place to the right in the divisor. Add a decimal place after 4 and move it one place to the right, making it 40. The resulting problem is [image: image]. Now work the problem the way you would any division problem. Did you get [image: image]? To divide a whole number by a decimal, add as many extra zeros to the whole number after the decimal as you need until the division ends or repeats. For drug calculations, you will not need to work a decimal problem through more than the thousandth (third) place.


[image: image] Memory Jogger

Add as many extra zeros (decimal places) to the right of the dividend (whole number) as you need to make the answer accurate.




[image: image] Try This!

TT-13 Divide these decimals.


a. 630 ÷ 0.3

b. 0.125 ÷ 0.5

c. 2.5 ÷ 0.75

d. 10 ÷ 0.25



Answers are at the end of this chapter.






Changing Fractions into Decimals

Decimals and fractions are related because they are both parts of a whole. For example, decimals change the fraction [image: image] into 0.25 (see Table 3-1). Because both decimals and fractions are a part of the whole, you can change fractions into decimals and decimals into fractions. You do this every time you turn [image: image] into 0.25. To do this, just divide the numerator (in this case 25) by the denominator (in this case 100). This step is written as [image: image] or 25 ÷ 100. To divide, place a decimal point after the 25 and add zeros until the division ends. The answer is .25, but when writing drug dosages, remember to write it as 0.25 to avoid any confusion.


[image: image] Memory Jogger

To turn a fraction into a decimal, always divide the numerator (top number) by the bottom number (denominator).






Changing Decimals into Fractions

To change a decimal to a fraction, drop the decimal point and make this number the numerator (top number) of the fraction. The denominator (bottom number) of the fraction is the place value of the last digit (number) of the decimal. Determine the place value of the last number (digit) after the decimal point. For example, the decimal 0.25 is 25 parts of 100 because the place value of the 5 is hundredths. Then reduce the fraction to its lowest terms. For example, to change 0.25 to a fraction, drop the decimal point and make 25 the numerator. The denominator becomes 100 because the place value of the 5 in 0.25 is hundredths and 0.25 is 25 out of 100 (see Table 3-1). Therefore the fraction is written as [image: image] and is reduced to [image: image]. Another example is the conversion of the decimal 5.017 into a fraction. It becomes [image: image] because the place value of the 7 in .017 is thousandths.


[image: image] Try This!

TT-14 Change the following fractions to decimals and the decimals to fractions.


a. [image: image]

b. 0.55

c. 0.075

d. 1.25

e. [image: image]



Answers are at the end of this chapter.









Rounding Parts of Numbers

When giving drugs, it may be necessary to decide how many milliliters to give if your calculated dose is uneven. For example, if you get an answer such as 2.17 mL, you must decide whether to give 2 mL or more than 2 mL because the .17 is part of the next whole number. How do you decide which number to give? Usually liquid dosages are rounded to the tenth place rather than to a whole number.

The key concept in rounding decimals is to remember the number 5! Any answer that ends in a number below .05 is rounded down to the next lower tenth. Any answer that ends in the number .05 or higher is rounded up to the next higher tenth. So if your answer is 2.82 mL, you give 2.8 mL (rounded down). If your answer is 2.17 mL, you give 2.2 mL (rounded up). In clinical practice with drugs that come in tablet form, there is an exception. Some tablets can be cut in half.


[image: image] Clinical Pitfall

The exception to the rounding principle is when you get an answer of exactly half (0.5 or [image: image]) of a tablet. If the tablet can be cut, give [image: image] tablet (see guidelines under Dosage and Calculation problems).

QSEN: Safety




[image: image] Try This!

TT-15 Work to three places and then round to two places.


a. [image: image]

b. [image: image]

c. [image: image]

d. [image: image]



Answers are at the end of this chapter.






Percents

You are probably familiar with percents from using them to decide how much money to tip a waiter in your favorite restaurant (10%, 15%, or 20%). Percent expresses a number as part of a hundred. The word percent literally means “for each hundred.” In health care, percents are used to calculate drug doses and the strength of solutions (for example, the percent [%] of salt in a salt-and-water solution).


[image: image] Did You Know?

Percent comes from Latin and means “for each hundred.”



Percents express the same idea as a fraction or decimal. They can be written as a whole number (20%), a mixed-number fraction ([image: image]), a decimal (0.9%), or a proper fraction ([image: image]).


Converting a Percent to a Decimal

Let's say we have a 9% salt solution. To change 9% to a decimal, drop the percent sign and multiply the number in the percent by 0.01. The 9% can then be written as 0.09, or 9 parts salt per 100 parts of water. A 0.9% salt solution (commonly called “normal saline” in the health care setting) when multiplied by 0.01 results in 0.009 or 0.9 parts of salt per 100 parts of water (also 9 parts of salt per 1000 parts of water). You can also change the 9% to a decimal just by moving the decimal point that is behind the 9 two places to the left. Thus 9% = 0.09 (see Table 3-1).

To change a decimal to a percent, reverse the process by moving the decimal point two places to the right (for example, 0.09 = 9%).

Be careful to move the decimal point in the correct direction. Moving it in the wrong direction can result in a serious error. Work it out or call the pharmacist if you are not sure.


[image: image] Clinical Pitfall

Moving the decimal point in the wrong direction is hazardous to your patient. If it is moved in error to the right, the dose will be too large and may cause serious or even lethal side effects. If it is moved in error to the left, the dose will be too small to be effective.

QSEN: Safety






Converting a Percent to a Fraction

The process of converting a percent to a fraction is the same whether you have a whole number, a mixed number, or a fraction of a percent.

To convert a whole number percent to a fraction, drop the percent sign and divide the percent whole number by 100. For example, to convert 20% to a fraction, drop the percent sign and divide 20 by 100 ([image: image]). Reduce this number to its lowest common denominator, [image: image]. So 20% of a pizza is the same as [image: image] of a pizza (remember that 5% of a pizza is the same as [image: image] of a pizza).

To convert a mixed number to a fraction, first drop the percent sign and change the mixed number to an improper fraction. Then divide that fraction by 100. So to convert [image: image] to a fraction, convert it to an improper fraction ([image: image]) and divide that fraction by 100: [image: image], which can then be reduced to [image: image]. So 12.5% or [image: image] of a pizza is [image: image] of a pizza!

You can use the same process to make a fraction of a percent. For example, to express [image: image] as a fraction, divide it by 100 (which means multiplying it by [image: image]). [image: image], a mere crumb of a pizza!


[image: image] Try This!

TT-16 Convert the following percents into fractions.


a. [image: image]

b. 3%

c. [image: image]

d. 2.5%



Answers are at the end of this chapter.






Finding the Percentage of a Number

Let's begin with what you already know: 50% of a number is [image: image] of that number, right? In other words, 50% of 84 is 42. How did you get that answer? You either multiplied 84 by 0.50 or you divided 84 by 2.

What is 30% of 150? This “word” problem is the same as the one you just did in your head. You already know that 30% is equal to 0.3. So to find 30% of 150, just multiply 150 × 0.3. The answer is 45! Remember to count the total number of decimal places and put the decimal in the correct place in your answer.


[image: image] Try This!

TT-17 Find the percentages of the whole numbers.


a. 25% of 300

b. 10% of $5.00

c. 0.2% of 10

d. 300% of 5



Answers are at the end of this chapter.
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