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Equivalents

Metric Equivalent Household Equivalent Approximate Equivalent
1 g 5 1,000 mg 5 1,000,000 mcg 3 t 5 1 T 1 t 5 5 mL
0.001 g 5 1 mg 5 1,000 mcg 2 T 5 1 fl oz 1 T 5 3 t 5 15 mL 5 12 fl oz
0.000001 g 5 0.001 mg 5 1 mcg 1 cup 5 8 fl oz 1 fl oz 5 30 mL 5 6 t
1 kg 5 1,000 g 1 pt 5 16 fl oz 5 2 cups 1 L 5 1 qt 5 32 fl oz 5 2 pt 5 4 cups
1 L 5 1,000 mL 1 qt 5 2 pt 5 4 cups 5 32 fl oz 1 pt 5 16 fl oz 5 2 cups
0.001 L 5 1 mL 1 lb 5 16 oz 1 cup 5 8 fl oz 5 240 mL
1 m 5 100 cm 5 1,000 mm  1 kg 5 2.2 lb
0.01 m 5 1 cm 5 10 mm  1 in 5 2.5 cm
0.001 m 5 0.1 cm 5 1 mm  

Common Calculations

Dosage: Ratio-Proportion Method
Step 1. Convert
Step 2. Think 
Step 3. Calculate: 

Dosage on hand
Amount on hand 5

Dosage desired
X Amount desired

Dosage: Formula Method
Step 1. Convert
Step 2. Think
Step 3. Calculate: DH 3 Q 5 X

Dosage: Dimensional Analysis Method
Step 1.  Determine unit of measure for amount-to-give  

ratio for left side of equation
Step 2. Think
Step 3.  Match unit of numerator of supply-dosage ratio  

with unit of numerator of amount-to-give ratio.  
Set up all other ratios so units cancel, leaving  
unit of amount to give. Calculate:

Amount-
to-Give 
Ratio

5

Supply-
Dosage  
Ratio

3

Conversion-
Factor  
Ratio

3

Ordered-
Dosage  
Ratio

Temperature Conversion

Celsius: °C 5 °F 2 32
1.8   Fahrenheit: °F 5 1.8°C 1 32

IV Flow Rate
Total mL
Total h  5 mL/h

Total mL
Total min 5 X mL/h

60 min/h

V (mL)
T (min) 3 C (gtt/mL) 5 R (gtt/min)

Shortcut
IV Flow Rate: mL/h

Drop factor constant 5 R (gtt/min)

Body Surface Area

Metric BSA: m2 5 A ht (cm) 3 wt (kg)

3,600

Household BSA: m2 5 A ht (in) 3 wt (lb)
3,131

Common Medical Abbreviations
Abbreviation Interpretation Abbreviation Interpretation

Route:  Frequency:
IM intramuscular q.h every hour
IV intravenous q.2h every 2 hours
IV PB intravenous piggyback q.3h every 3 hours
subcut subcutaneous q.4h every 4 hours
SL sublingual, under the tongue q.6h every 6 hours
ID intradermal q.8h every 8 hours
GT gastrostomy tube q.12h  every 12 hours
NG nasogastric tube General:
NJ nasojejunal tube a before
p.o. by mouth, orally p after
p.r. per rectum, rectally c with

Frequency:  s without
a.c. before meals q every
p.c. after meals qs quantity sufficient
ad. lib. as desired, freely aq water
p.r.n. when necessary NPO nothing by mouth
stat immediately, at once gtt drop
b.i.d. twice a day tab tablet
t.i.d. 3 times a day cap capsule
q.i.d. 4 times a day et and
min minute noct night
h hour
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that take into account the complexity of nursing work.  
Learners and faculty will find QSEN principles incorpo-
rated throughout: stacking, mindfulness, sensemaking, 
anticipating, memory aids, and work-arounds. To better 
prepare graduates for licensure examinations, test items 
patterned after NCLEXTM-RN and NCLEXTM-PN have 
been added for frequent practice.

Organization of Content

The text is organized in a natural progression of  basic 
to more complex information. Learners gain self- 
confidence as they master content in small increments 
with ample review and reinforcement. Many learners 
claim that while using this text, they did not fear math 
for the very first time.

The seventeen chapters are divided into four sections.
Section 1 starts with a Pretest patterned after 

 examinations often used by hospitals and health care 
agencies to evaluate the readiness of new graduates 
to prepare and administer medications. Learners can 
both evaluate their level of knowledge as they begin 
their study of dosage calculations and test their learn-
ing with the same examination as a posttest. This is 
followed by a mathematics diagnostic evaluation and a 
thorough mathematics review in Chapters 1 and 2. The 
 Mathematics Diagnostic Evaluation allows learners 
to determine their computational strengths and weak-
nesses to guide them through the review of the Section 1  
chapters. Chapters 1 and 2 provide a review of basic 
arithmetic skills, including fractions, decimals, ratios, 
percents, and simple equations, with numerous exam-
ples and practice problems to ensure that students can 
apply the procedures.

Section 2 includes Chapters 3 through 9. This sec-
tion provides essential information that makes up the 
foundation for accurate dosage calculations and safe 
medication administration including medicine orders, 
labels, and equipment. Chapters 3 and 4 introduce the 
three systems of measurement: metric, household, and 

Introduction

Dosage Calculations: A Ratio-Proportion Approach, 
fourth edition, offers a clear and concise method of cal-
culating drug dosages. The text is directed to students 
and professionals who want to increase their comfort 
level with mathematics and also to faculty members 
who prefer ratio and proportion for calculating dosages. 
Along with the companion text, Dosage Calculations, 
ninth edition, the content has been classroom tested and 
reviewed by well over 1 million faculty and students, 
who report that it has helped allay math anxiety and 
promote confidence in their ability to perform accurate 
calculations. As one reviewer noted, “I have looked at 
others [texts], and I don’t feel they can compare.”

The only math prerequisite is the ability to do  basic 
arithmetic. For those who need a review, Chapters 1 
and 2 offer an overview of basic arithmetic calculations 
with extensive exercises for practice. The text teaches 
the learner to use a Three-Step Approach for calculating 
dosages.

1. Convert measurements to the same system and 
same size units.

2. Consider what dosage is reasonable.

3. Calculate using ratio and proportion.

Dosage Calculations: A Ratio-Proportion Approach,  
fourth edition, is based on feedback from users of the 
previous editions and users of other dosage calcula-
tions texts. The new edition also responds to changes 
in the health care field and includes the introduction of 
new drugs, replacement of outdated drugs, and discus-
sion of new or refined methods of administering medi-
cations. The importance of avoiding medication errors 
is highlighted by the incorporation of applied critical 
thinking skills in clinical reasoning scenarios based 
on patient care situations, and a chapter on preventing 
medication errors. Clinical reasoning content has been 
expanded considering the Quality and Safety Educa-
tion for Nurses (QSEN: www.qsen.org) competencies 

Preface

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



# 151790   Cust: Cengage   Au: Pickar  Pg. No. vii 
Title: Dosage Calculations: A Ratio-Proportion Approach, 4e     Server:          

C/M/Y/K 
Short / Normal 

DESIGN SERVICES OF

S4carliSle
Publishing Services

span. The authors used QSEN quality and safety com-
petencies as a guide for the development of realistic and 
challenging medication scenarios that simulate the com-
plexity of various factors that challenge learners as they 
interpret, retrieve, prepare, calculate, and administer 
medications. These include obtaining pertinent drug in-
formation and making safe decisions for drug selection, 
preparation, dosage strength, equipment, and route for 
each patient. Various medication storage and retrieval 
systems are also demonstrated, such as unit-dose carts, 
automated dispensing cabinets (ADC) and ADC matrix 
drawers.

Safety competencies are incorporated to ensure 
learners carefully consider each aspect of the medication 
administration process for safe practice. Students learn 
to think through each problem logically for the right 
answer and then apply the ratio-proportion approach 
to double-check their thinking and verify their calcula-
tions. When this logical but unique system is applied 
every time to every problem, experience has shown that 
decreased math anxiety and increased accuracy result.

Chapters 10 and 11 guide the learner to apply all the 
skills mastered in previous chapters to achieve accurate 
oral and injectable drug dosage calculations. High-alert 
drugs, such as insulin and heparin, are thoroughly pre-
sented. Insulin types, species, and manufacturers have 
been updated with a description of insulin action time 
and the addition of U-500 insulin, including the differ-
ence between administering U-500 in the hospital and at 
home. The 70/30 and 50/50 insulins and the insulin pen 
are also thoroughly explained.

Chapter 12 introduces the concepts of solutions. 
Users learn the calculations associated with diluting so-
lutions and reconstituting injectable drugs. This chapter 
provides a segue to intravenous calculations by fully de-
scribing the preparation of solutions. With the expand-
ing role of the nurse and other health care workers in the 
home setting, clinical calculations for home care, such 
as nutritional feedings, are also emphasized.

Chapter 13 covers the calculation of pediatric and 
adult dosages and concentrates on the body weight 
method. Emphasis is placed on verifying safe dosages 
and applying concepts across the life span.

Chapter 14 introduces the formula and dimensional 
analysis methods of calculating dosages for faculty 
who may prefer these methods. Ample Review Sets and 
Practice Problems provide exposure to these methods, 
giving the learner an opportunity to sample other calcu-
lation methods and choose the one preferred.

Section 4 presents advanced clinical calculations 
applicable to both adults and children. Intravenous ad-
ministration calculations are presented in Chapters 15 
through 17. Coverage reflects the greater application of 
IVs in drug therapy. Shortcut calculation methods are 

apothecary. The metric system of measurement is em-
phasized because of its standardization in the health 
care field and the household system is included be-
cause of its implications for care at home. Apothecary 
measure and conversions can be found in Appendix B, 
 because the apothecary system is outdated and no  longer 
 recommended for use in health care. International or 
 24-hour time, and Fahrenheit and Celsius temperature 
conversions are presented in Chapter 5.

In Chapter 6, students learn to recognize and select 
appropriate equipment for the administration of medi-
cations based on the drug, dosage, and method of ad-
ministration. Emphasis is placed on interpreting syringe 
calibrations to ensure that the dosage to be administered 
is accurate. All photos and drawings have been enhanced 
for improved clarity with updates from state-of-the-art 
technology and information systems.

Chapter 7 presents the common abbreviations used 
in health care so that learners can become proficient in 
interpreting medical orders. The content on computer-
ized medication administration records has been up-
dated and expanded for this edition.

It is essential that learners be able to read medica-
tion labels to calculate dosages accurately. This skill is 
developed by having readers interpret the medication 
labels provided beginning in Chapter 8. These labels 
represent current commonly prescribed medications 
and are presented in full color and actual size (except in 
a few instances where the label is enlarged to improve 
readability). Some labels have been substituted with ge-
neric simulated labels to demonstrate critical calcula-
tions. This ensures that the entire range of medications 
seen in practice is presented, and gives the learners the 
experience with actual generic drugs. A full list of all 
labels in the text can be found in the Drug Label Index.

Chapter 9 has been expanded and directs the  learner’s 
attention to the risks and responsibilities inherent in re-
ceiving medication prescriptions, transcribing orders, 
and administering medications. It provides the rationale 
for the patient’s rights to safe medication administration 
and identifies the common causes of medication errors, 
including safe methods to prevent them. Throughout the 
text, care is taken to comply with standards and recom-
mendations for medical notation available at the time of 
publication by The Joint Commission and The Institute 
for Safe Medication Practices. The Official “Do Not 
Use” List is emphasized. Learners are directed to stay 
abreast of these standards as they evolve to best ensure 
patient safety and prevent medication administration er-
rors. More resources and tools for error prevention are 
presented, such as Tall Man letters to avoid mistaken 
identity of look-alike/sound-alike (LASA) drugs.

In Section 3, students learn and practice the skill of 
dosage calculations applied to patients across the life 
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equivalents, rules, and formulas from each clinical 
chapter, and Appendix B: Apothecary System describes 
apothecary conversions. Both a general content Index 
and a Drug Label Index conclude the text.

Features of the Fourth Edition

This text provides learners with the necessary knowl-
edge and skills to accurately calculate dosages, safely 
prepare to administer medications, and carefully make 
decisions for error-free medication administration.

■ Content is divided into four main sections to help 
learners better organize their studies.

■	 Measurable objectives at the beginning of each 
chapter emphasize the content to be mastered.

■	 More than 2,700 problems are included for learners 
to practice their skills and reinforce their learning, 
reflecting current drugs and protocols.

■	 Clinical Reasoning Skills scenarios apply critical 
thinking to real-life patient care situations to 
emphasize the importance of accurate dosage 
calculations and the avoidance of medication errors.

■	 Full color is used to make the text more user 
friendly, enhance presentation, and improve 
readability. Chapter elements, such as Rules, Math 
Tips, Cautions, Remember boxes, Quick Reviews, 
Examples, and Summaries, are color-coded for easy 
recognition and use. Color also highlights Review 
Sets and Practice Problems.

■	 Color has been added to selected syringe drawings 
throughout the text to simulate a specific amount of 
medication, as indicated in the example or problem. 
Because the color used may not correspond to the 
actual color of the medications named, it must not  
be used as a reference for identifying medications.

■	 Photos and drug labels are presented in full color. 
Special attention is given to visual clarity with some 
labels enlarged to ensure legibility.

■	 The Math Review brings learners up to the required 
level of basic math competence.

■	 SI conventional metric system notation is used 
(apothecary and household systems of measurement 
are introduced; apothecary measure can be found in 
Appendix B).

■	 Rule boxes draw the learner’s attention to pertinent 
instructions.

■	 Remember boxes highlight information to be 
memorized.

presented and explained fully. More electronic infusion 
devices are included. Heparin and saline locks, types of 
IV solutions, IV monitoring, IV administration records, 
and IV push drugs are included in Chapter 15. Pediatric 
IV calculations are presented in Chapter 16, and obstet-
ric, heparin, insulin, and critical care IV calculations are 
covered in Chapter 17. Ample problems help students 
master the necessary calculations. Additional attention 
is directed to the clinical reasoning skills required to 
safely administer high-alert medications according to 
standard protocols, such as heparin and insulin.

Procedures in the text are introduced using Rule 
boxes and several Examples. Many examples use 
 Clinical Simulations to guide learners through clini-
cal reasoning and critical calculations. Examples and 
practice include finding and recording pertinent drug in-
formation from reputable drug resources. Key concepts 
are summarized and highlighted in Quick  Review boxes 
before each set of Review Problems to give learners an 
opportunity to review major concepts prior to work-
ing through the problems. Math Tips provide memory 
 joggers to assist learners in accurately solving problems. 
Learning is reinforced and evaluated by Practice Prob-
lems that conclude each chapter. The importance of cal-
culation accuracy and patient safety is emphasized by 
patient scenarios that require careful and accurate con-
sideration of every step of the medication administra-
tion process.  Clinical Reasoning Skills scenarios allow 
learners to apply critical thinking to analyze and resolve 
medication administration errors at the end of each 
chapter beginning with Section 2.  Additional scenarios 
accompany each  chapter’s  Practice Problems to further 
emphasize accuracy and safety.

Information to be memorized is identified in 
 Remember boxes, and Caution boxes alert learners to 
critical procedures and information.

Section Self-Evaluations found at the end of each 
section provide learners with an opportunity to test their 
mastery of chapter objectives prior to proceeding to the 
next section. Two Posttests at the conclusion of the text 
serve to evaluate the learner’s overall skill in dosage cal-
culations. The first Posttest refers the learner back to the 
new Essential Skills Evaluation Pretest from the begin-
ning of the text, which covers essential skills commonly 
tested by employers. The second posttest, the Compre-
hensive Skills Evaluation, serves as a comprehensive ex-
amination covering all 17 chapters. Both are presented in a 
case study format to simulate actual clinical calculations.

An Answer Key at the back of the text provides 
all answers and solutions to selected problems in the 
Pretest, Review Sets, Practice Problems, Section Self-
Evaluations, and Posttests. Appendix A: Study Guide 
is a new tool that provides essential abbreviations, 

viii Preface 
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   Preface     ix

employers for new hires, assess prior knowledge, 
and evaluate learning of essential calculation skills. 
A Comprehensive Skills Evaluation evaluates the 
learner’s overall comprehension in preparation for a 
level or program assessment.

■	 Appendix A: Study Guide summarizes the most 
frequently used abbreviations, equivalents, and 
formulas from each chapter. Learners can refer to 
this valuable study tool for solving problems that 
will reinforce learning essential information and 
calculations.

■	 The general Index facilitates learner and instructor 
access to content and skills, and the Drug Index 
facilitates access to all labels used in the text.

New to the Fourth Edition

For more than 30 years, this text and its companion,  
Dosage Calculations, ninth edition, have guided health 
care students to learn the knowledge and skills neces-
sary for safe and accurate dosage calculations and medi-
cation administration. Regular and frequent updates 
keep the information current and state-of-the-art. Here 
is what's new to this edition.

■	 Quality and Safety in Nursing Education (QSEN) 
principles and competencies have been adapted to 
reduce the risk of medication errors and improve 
patient safety.

■	 Clinical simulations provided in examples and test 
questions in Chapters 10 through 13 develop  
clinical reasoning and calculation skills, beginning 
with seeking drug information from reputable 
resources, through the logic and safety precautions 
in the drug dosage calculation and administration 
process.

■	 Section Examinations include test items formatted 
like graduate licensure examinations, such as the 
NCLEX-RN™ and NCLEX-PN™ exams.

■	 A new Pretest and Posttest assess prior learning 
and evaluate skills commonly tested for new-hire 
graduates.

■	 Content on high-alert drugs, such as heparin and 
insulin, has been extensively augmented, including 
safety concerns with the increased use of insulin pens 
in hospitals. U-500 insulin content and calculations 
have been expanded, including conversions for 
preparation using both U-100 and 1 mL syringes.

■	 Administration protocols are expanded to include 
both insulin and heparin.

■	 Quick Review boxes summarize critical information 
throughout the chapters before Review Sets are solved.

■	 Caution boxes alert learners to critical information.

■	 Math Tips serve to point out math shortcuts and 
reminders.

■	 Each new topic or skill presented is followed by 
Review Sets with end-of-chapter Practice Problems 
to assess understanding and skills and to reinforce 
learning.

■	 Many problems are included involving the 
interpretation of syringe scales to ensure that the 
proper dosage is administered. Once the dosage is 
calculated, the learner is directed to draw an arrow 
on a syringe at the proper value.

■	 Many more labels of current and commonly 
prescribed medications are presented, including a 
few simulated labels to help users learn how to select 
the proper information required to determine correct 
dosage. There are over 375 labels included.

■	 Hundreds of Examples are included to demonstrate 
the ratio-proportion, formula, or dimensional 
analysis methods of calculating dosages.

■	 The addition of the formula and dimensional 
analysis methods gives learners and instructors a 
choice of which method they prefer to use.

■	 Abbreviations, measurements, acronyms, and 
symbols follow The Joint Commission Official 
“Do Not Use” List and ISMP standards.

■	 Clear instructions are included for calculating IV 
medications administered in milligram per kilogram 
per minute.

■	 Clinical situations are simulated using actual 
medication labels, drug resource references, 
syringes, physician order forms, various medication 
storage and retrieval systems, and medication 
administration records.

■	 As requested by faculty and clinicians, the text 
has an enhanced emphasis on clinical decision 
making. While unit-dose preparations have eased 
calculation error rates, clinical complexity has 
increased them.

■	 The Pretest, Section Evaluations, Chapter Practice 
Problems, and Posttests include scenarios that 
simulate substantial aspects of real-world clinical 
calculation situations.

■	 An Essential Skills Evaluation Pretest and Posttest 
simulate exams commonly administered by 
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Learning Package for the Student
Premium Website  
(ISBN 978-1-2854-2954-0)
The Premium Website can be accessed by users of the 
text at www.CengageBrain.com. Enter your passcode, 
found in the front of the book, and the Premium Website 
will be added to your bookshelf. Here you can access the 
engaging Practice Software, which includes:

■	 A user-friendly menu structure to immediately 
access the program’s items.

■	 A bank of several hundred questions for practice and 
to reinforce the content presented in the text.

■	 A tutorial for each chapter outlining instructions and 
approaches to safe and accurate dosage calculation.

■	 Quizzes, Pretest, and Posttest that operate within 
a tutorial mode, which allows two tries before the 
correct answer is provided.

■	 Interactive exercises that ask you to fill a medicine cup 
or draw back a syringe to the correctly calculated dose.

■	 A comprehensive glossary of terms and drug names 
with definitions and pronunciations.

■	 Drop-down calculator available at a click of a button, 
as used on the NCLEX-RN™ and -PN examinations.

Teaching Package for the Instructor 
(ISBN 978-1-2854-2955-7)

The Instructor Companion Website to Accompany 
Dosage Calculations: A Ratio-Proportion Approach, 
fourth edition, contains a variety of tools to help instruc-
tors successfully prepare lectures and teach within this 
subject area. The following components in the website 
are free to adopters of the text:

■	 A Solutions Manual includes answers and step-
by-step solutions for every question in the Pretest, 
Math Evaluation, Review Sets, Practice Problems, 
Section Evaluations, and Posttests from the book.

■	 The Computerized Test Bank includes 
approximately 500 additional questions not found in 
the book for further assessment. The software also 
allows for the creation of test items and full tests, as 
well as coding for difficulty level.

■	 Lecture slides created in PowerPoint® offer a depiction 
of administration tools and include calculation tips 
helpful to classroom lecture of dosage calculations.

■	 New questions are added throughout to reflect 
current drugs and protocols.

■	 Computerized order and medication administration 
record systems have been updated to demonstrate 
a variety of drug retrieval systems, including 
Automated Dispensing Cabinets (ADC).

■	 Photographs of state-of-the-art equipment are 
replaced and updated, including the latest medication 
storage and retrieval systems.

■	 Practice has been added for the clinical reasoning 
essential to making correct choices when using 
different drug storage and retrieval systems.

■	 Apothecary calculations have been deleted within 
the text and evaluation items, consistent with current 
standards. Apothecary measure has been moved to 
Appendix B.

■	 Learners apply critical thinking to prevent 
medication errors in Clinical Reasoning Skills 
scenarios based on QSEN principles.

■	 Dosage calculations scenarios have been expanded 
to incorporate each step of safe and error-free 
medication administration: interpretation of order, 
acquisition of drug information, retrieval of drug, 
dosage calculation, dose measurement, preparation, 
and administration.

■	 Learners are purposely directed to be mindful of the 
seriousness of their clinical practice and the value of 
safety alerts to prevent errors.

■	 Appendix A: Study Guide summarizes essential 
rules, formulas, abbreviations, and equivalents  
to facilitate problem solving and reinforce  
learning.

■	 Appendix B: Apothecary System gives common 
units, abbreviations, and symbols of the original 
dosage measurement system, for faculty and students 
interested in comparing and converting between 
apothecary and metric measure.

■	 An exciting new Premium Website with Practice 
Software is available, offering a glossary review, 
chapter tutorials, interactive exercises, and hundreds 
of practice problems.

x Preface 
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opportunity to review the concepts before working the 
problems.  Ample Review and Practice Problems are 
given to reinforce your skill and confidence.

Before calculating the dosage, you are asked 
to consider the reasonableness of the computation. 
More often than not, the correct amount can be esti-
mated in your head. Many errors can be avoided if you 
 approach  dosage calculation in this logical fashion. The 
 mathematical computation can then be used to double-
check your thinking. Answers to all problems and step-
by-step  solutions to select problems are included at the 
back of the text.

Many photos and drawings are included to dem-
onstrate key concepts and equipment. Drug labels and 
measuring devices (for example, syringes) are included 
to give a simulated “hands-on” experience outside of the 
clinical setting or laboratory. Clinical Reasoning Skills 
emphasize the importance of dosage calculation accu-
racy, and medication administration scenarios provide 
opportunities to analyze pertinent information, make 
sound clinical decisions, calculate accurately, and pre-
vent errors.

This text has helped hundreds of thousands of learn-
ers just like you to feel at ease about math and to master 
dosage calculations. I am interested in your feedback. 
Please write to me to share your reactions and success 
stories.

Gloria D. Pickar, RN, EdD 
gpickar@cfl.rr.com

The accurate calculation of drug dosages is 
an essential skill in health care. Paracelsus 
(1493–1591), often referred to as the father of 
pharmacology, recognized that the difference 

between a poison, narcotic, hallucinogen, and medicine 
is dosage. Serious harm to the patient can result from 
inadequate knowledge, incorrect interpretation or tran-
scription of a medication order, retrieving the wrong 
drug, or error during the calculation and subsequent 
administration of a drug dosage. It is the responsibility 
of those administering drugs to precisely and efficiently 
carry out medical orders and to recognize unsafe dos-
ages, prescriptions, and practices.

Learning to calculate drug dosages need not be a dif-
ficult or burdensome process. Dosage Calculations: A 
Ratio-Proportion Approach, fourth edition, provides an 
uncomplicated, easy-to-learn, easy-to-recall Three-Step 
Approach to dosage calculations. Once you master this 
method, you will be able to consistently compute dos-
ages with accuracy, ease, and confidence.

The text is a self-study guide that is divided into four 
main sections. The only mathematical prerequisite is the 
basic ability to add, subtract, multiply, and divide whole 
numbers. A review of fractions, decimals, percents, 
 simple equations, ratios, and proportions is included. 
You are encouraged to work at your own pace and seek 
assistance from a qualified instructor as needed.

Each procedure in the text is introduced by 
 several Examples. Key concepts are summarized and 
 highlighted throughout each chapter, to give you an 

Introduction to the Learner

Dedicated to Julie, 
in recognition of the importance of preventing errors.
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Using This Book

■	 Syringes are drawn to full size, providing accurate 
scale renderings to help you master the reading of 
injectable dosages.

Chapter 6  Equipment Used in Dosage Measurement    139

Draw an arrow to indicate the calibration that corresponds to the dose to be administered.

 16. Administer 0.45 mL.

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.
0

 m
L
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10 20 30 40 50 60 70 80 90 10
0
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USE U-100 ONLY

 5 15 25 35 45 55 65 75 85 95 (Opposite Side)

 17. Administer 80 units of U-100 insulin.
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 19. Administer 2.4 mL.
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 20. Administer 1.1 mL.
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 18. Administer 12 fluid ounce.

1 FL OZ

3/4 FL OZ

1/2 FL OZ

1/4 FL OZ

1/8 FL OZ

8 DR

6 DR

4 DR

2 DR
1 DR

1 TBS

2 TSP

1 TSP
1/2 TSP

15 mL

10 mL

5 mL

20 mL
25 mL

30 mL2 TBS

7.5 mL

2.5 mL
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 21. Administer 6.2 mL.
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1 2 3 4 5 6 7 8 9 10 m
L

■	 Content is presented from simple to complex, in 
small increments, followed by solved Examples 
and a Quick Review. Review Sets and Practice 
Problems provide opportunities for you to 
reinforce your learning.

362 Section 3  Drug Dosage Calculations

 3. Order: penicillin G potassium 1,000,000 units IV q.6h

5
NDC 0049-0520-83

Pfizerpen®

(penicillin G potassium)  

Buffered

 For Injection 

65
05

-0
0-

95
8-

33
05

05
-4

24
3-

32
-6

Rx only

FIVE MILLION UNITS

SEE ACCOMPANYING 
PRESCRIBING INFORMATION

RECOMMENDED STORAGE 
IN DRY FORM.

Store below 86°F (30°C).

Sterile solution may be kept
in refrigerator for one (1)
week without significant loss
of potency.

18.2 mL
8.2 mL
3.2 mL

250,000
500,000

1,000,000

USUAL DOSAGE
Average single intramuscular injection:
200,000-400,000 units.
Intravenous: Additional information about 
the use of this product intravenously can 
be found in the package insert.

mL diluent
added

Units per mL
of solution

Buffered with sodium citrate and citric acid 
to optimum pH.
PATIENT:

ROOM NO:

DATE DILUTED: 
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si
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Reconstitute with  mL diluent for a concentration of  mg/mL.

Give:  mL

How many full doses are available in this vial?  dose(s)

Does this reconstituted medication require a reconstitution label? 

Explain:  

� � � � 5 ��

Copyright © 2016 Cengage Learning®.

Describe the three concentrations, and calculate the amount to give for each of the supply dosage 
concentrations.

Reconstitute with  mL diluent for a concentration of  units/mL.

Give:  mL

Reconstitute with  mL diluent for a concentration of  units/mL.

Give:  mL

Reconstitute with  mL diluent for a concentration of  units/mL.

Give:  mL

Indicate the concentration you would choose, and explain the rationale for your selection.

Select  units/mL and give  mL. Rationale: 

 

How many full doses are available in this vial?  dose(s)

Prepare a reconstitution label for the remaining solution.

Reconstitution label

xiii

■	 Measurable objectives at the beginning of each 
chapter define learning outcomes.

265

11
Parenteral Dosage of Drugs
OBJECTIVES
Upon mastery of Chapter  11, you will be able to apply clinical reasoning skills to prepare safe and 
 accurate parenteral dosages of drugs. To accomplish this, you will also be able to:

■ Gather current information about the drug.
■ Retrieve the right drug in the correct supply dosage strength.
■ Apply the Three-Step Approach to dosage calculation: convert, think, and calculate using 

ratio-proportion.
■ Verify drug and dosage with a second nurse for high-alert medications and for wasting of 

controlled  substances.
■ Measure correct dose amounts.
■ Collaborate with patients and families regarding their medications, including safe administration 

at home.

The term parenteral is used to designate routes of administration other than gastrointestinal, 
such as the injection routes of intramuscular (IM), subcutaneous (subcut), intradermal (ID), 
and intravenous (IV). In this chapter, IM, subcut, and IV injections will be emphasized. 
Intravenous flow-rate calculations are discussed in Chapters 15 through 17.

Intramuscular indicates an injection given into a muscle, such as promethazine given IM for nausea 
and vomiting. Subcutaneous means an injection given into the subcutaneous tissue, such as an insulin 
injection given subcut for the management of diabetes. Intravenous refers to an injection given directly 
into a vein, either by direct injection (IV push) or diluted in a larger volume of intravenous fluid and 
administered as part of an intravenous infusion. When a patient has an IV site or IV infusing, the IV 
 injection route is frequently used to administer parenteral drugs rather than the IM route. Intradermal 
(ID) means an injection given under the skin, such as an allergy test or tuberculin skin test.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



# 151790   Cust: Cengage   Au: Pickar  Pg. No. xiv 
Title: Dosage Calculations: A Ratio-Proportion Approach, 4e     Server:          

C/M/Y/K 
Short / Normal 

DESIGN SERVICES OF

S4carliSle
Publishing Services

■	 Math Tip boxes provide you with clues 
to essential computations.

Chapter 4  Conversions: Metric and Household Systems    101

 CONVERTING WITHIN THE METRIC SYSTEM

The most common conversions in dosage calculations and health care are within the metric system. 
As you recall from Chapter 3, most metric conversions are simply derived by multiplying or dividing 
by 1,000. Recall from Chapter 1 that multiplying by 1,000 is the same as moving the decimal point three 
places to the right. Notice that in the following examples you are asked to find the equivalent amount 
of the smaller unit. It makes sense that the resulting number of smaller units would be greater than the 
original number of larger units. In this first example, you are converting grams to milligrams. Notice that 
the unknown X is in the denominator.

EXAMPLE 2 ■

Convert: 0.3 mg to mcg

Equivalent: 1 mg 5 1,000 mcg

1 mg
1,000 mcg 5 

0.3 mg
X mcg

1 mg
1,000 mcg �  

0.3 mg
X mcg Cross-multiply

X 5 1,000 3 0.3   0.300.  Move the decimal 3 places to the right to multiply 
by 1,000. Add zeros to complete the operation.

X 5 300 mcg Label the units to match the unknown X.

MATH TIP
Notice that to multiply 2 by 1,000, you are moving the decimal three places to the right.
This is a shortcut. Sometimes to complete this operation, you add zeros to hold the places equal
to the number of zeros in the equivalent. In this case, 1 g 5 1,000 mg, so you add three zeros:
2 3 1,000 5 2.000. 5 2,000

EXAMPLE 1 ■

Convert 2 grams to the equivalent number of milligrams.

 1. Recall the known equivalent: 1 g 5 1,000 mg.

 2. Set up a proportion of two equivalent ratios.

 3. Cross-multiply to solve for X.

1 g
1,000 mg 5  

2 g
X mg

1 g
1,000 mg �  

2 g
X mg Cross-multiply

X 5 1,000 3 2

X 5 2,000 mg Label the units to match the unknown X.

Thus, you know that a medicine container labeled 2 grams per tablet means the same as 
2,000 milligrams per tablet.

■	 Caution boxes alert you to critical 
information and safety concerns.

Chapter 7  Interpreting Drug Orders    145

 THE DRUG ORDER

The drug order consists of seven parts:

 1. Name of the patient

 2. Name of the drug to be administered

 3. Dosage of the drug

 4. Route by which the drug is to be administered

 5. Frequency, time, and special instructions related to administration

 6. Date and time when the order was written

 7. Signature and licensure of the person writing the order

Parts one through five of the drug order are known as the original Five Rights of safe medication 
administration. They are essential, and each one must be faithfully checked every time a medication is 
prepared and administered. After safe administration of the medication, the nurse or health care practi-
tioner must accurately document the drug administration. Combining accurate documentation with the 
original Five Rights, the patient is entitled to Six Rights of safe and accurate medication administration 
and documentation with each and every dose.

CAUTION
If any of the seven parts is missing or unclear, the order is considered incomplete and is therefore 
not a legal drug order.

REMEMBER
The Six Rights of safe and accurate medication administration are as follows:

The right patient must receive the right drug in the right amount by the right route at the right time, 
followed by the right documentation.

Each drug order should follow a specific sequence. The name of the drug is written first, followed by 
the dosage, route, and frequency. When correctly written, the brand (or trade) name of the drug begins 
with a capital, or uppercase, letter. The generic name begins with a lowercase letter.

EXAMPLE ■

Procanbid 500 mg p.o. b.i.d.

 1. Procanbid is the brand name of the drug.

 2. 500 mg is the dosage.

 3. p.o. is the route.

 4. b.i.d. is the frequency.

This order means: Give 500 milligrams of Procanbid orally twice a day.

CAUTION
If the nurse has difficulty understanding and interpreting the drug order, the nurse must clarify the 
order with the writer. Usually this person is the physician or another authorized practitioner, such as 
an advanced registered nurse practitioner.

■	 Rule boxes highlight and draw your 
attention to important formulas and 
pertinent instructions.

Chapter 4  Conversions: Metric and Household Systems    99

EXAMPLE 2 ■

Medication order: Antacid Plus 12 �  oz after meals

Supply on hand: Antacid Plus 1 �  oz (30 mL)

The drug order is written in fluid ounces (household measure), but 
the drug is supplied in a form that measures both milliliters (metric 
measure) and fluid ounces (household measure).

In the first example, the prescribed quantity must be converted 
into the unit of measure as supplied. The nurse or other health care 
professional can then calculate the correct dosage to prepare and ad-
minister to the patient. But in this second example, the nurse must 
take care to select the correct unit of measure from the two options provided on the label before calcu-
lating the ordered dose. Thus, determining the need for and calculating unit conversions are the first steps 
in dosage calculations.

 CONVERTING FROM ONE UNIT TO ANOTHER 
USING RATIO-PROPORTION

After learning the systems of measurement common for dosage calculations and their equivalents 
(Chapter 3), the next step is to learn how to use them. First, you must be able to convert or change from 
one unit to another within the same measurement system. A method of performing conversions is to 
set up a proportion of two ratios expressed as fractions. Refer to Chapter 2 to review ratio-proportion, 
if needed.

RULE
In a proportion, the ratio for a known equivalent equals the ratio for an unknown equivalent. To use 
ratio-proportion to convert from one unit to another, you need to follow these three steps.

 1. Recall the equivalents.

 2. Set up a proportion of two equivalent ratios.

 3. Cross-multiply to solve for an unknown quantity, X.

Each ratio in a proportion must have the same relationship and follow the same sequence. A propor-
tion compares like things to like things. Be sure the units in the numerators match and the units in the 
denominators match. Label the units in each ratio.

Let’s look at how this works with units already familiar to you.

EXAMPLE 1 ■

How many cups are in 3 quarts?

 1. What is the known equivalent that applies to this problem? You know it is 1 qt 5 4 cups.

 2. Now you are ready to set up a proportion of two equivalent ratios. The first ratio of the proportion 
contains the known equivalent, that is 1 quart : 4 cups. The second ratio contains the desired unit of 
measure and the unknown equivalent expressed as X, that is 3 quarts : X cups. Express the ratios as 
fractions. The proportion now looks like this.

1 qt
4 cups   5    

3 qt
X cups

NDC 00000-0000-00

Rx only
1 FL OZ (30 mL)
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■	 Remember boxes highlight information 
that you should memorize.
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 THE DRUG ORDER

The drug order consists of seven parts:

 1. Name of the patient

 2. Name of the drug to be administered

 3. Dosage of the drug

 4. Route by which the drug is to be administered

 5. Frequency, time, and special instructions related to administration

 6. Date and time when the order was written

 7. Signature and licensure of the person writing the order

Parts one through five of the drug order are known as the original Five Rights of safe medication 
administration. They are essential, and each one must be faithfully checked every time a medication is 
prepared and administered. After safe administration of the medication, the nurse or health care practi-
tioner must accurately document the drug administration. Combining accurate documentation with the 
original Five Rights, the patient is entitled to Six Rights of safe and accurate medication administration 
and documentation with each and every dose.

CAUTION
If any of the seven parts is missing or unclear, the order is considered incomplete and is therefore 
not a legal drug order.

REMEMBER
The Six Rights of safe and accurate medication administration are as follows:

The right patient must receive the right drug in the right amount by the right route at the right time, 
followed by the right documentation.

Each drug order should follow a specific sequence. The name of the drug is written first, followed by 
the dosage, route, and frequency. When correctly written, the brand (or trade) name of the drug begins 
with a capital, or uppercase, letter. The generic name begins with a lowercase letter.

EXAMPLE ■

Procanbid 500 mg p.o. b.i.d.

 1. Procanbid is the brand name of the drug.

 2. 500 mg is the dosage.

 3. p.o. is the route.

 4. b.i.d. is the frequency.

This order means: Give 500 milligrams of Procanbid orally twice a day.

CAUTION
If the nurse has difficulty understanding and interpreting the drug order, the nurse must clarify the 
order with the writer. Usually this person is the physician or another authorized practitioner, such as 
an advanced registered nurse practitioner.

■	 Quick Review boxes summarize critical 
information that you will need to know 
and understand to safely prepare and 
administer medications.
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Step 3 Calculate 
Dosage on hand
Amount on hand 5 

Dosage desired
X Amount desired

20 mEq
15 mL  �  

40 mEq
X mL  Cross-multiply

20X 5 40 3 15

20X 5 600

20X
20  5 600

20   Simplify: Divide both sides 
of the equation by the number 
 before the unknown X.

X 5 30 mL  Label the units to match the 
unknown X.

The order calls for 30 mL of potassium chloride to be administered to the 
patient. However, the question was to calculate how many � uid ounces 
of potassium chloride was ordered to be administered. Therefore, we 
must convert the 30 mL (metric measure) of potassium chloride into � uid 
ounces (household measure). You learned in Chapter 3 that the approximate 
equivalent is 30 mL 5 1 �  oz. Because 30 mL is approximately 1 �  oz, you 
would administer 1 �  oz of potassium chloride to the patient.

For more practice, let’s go back to Example 3 and calculate how many fluid ounces that dose would 
be equivalent to. The dose is 22.5 mL.

 Convert Approximate equivalent: 1 �  oz 5 30 mL

1 fl oz
30 mL �  X fl oz

22.5 mL Cross-multiply

30X 5 22.5
30X
30  5 22.5

30   Simplify: Divide both sides 
of the equation by the number 
before the unknown X.

X 5 0.75 or 3
4 fl oz  Label the units to match the 

unknown X.

QUICK REVIEW
Look again at Steps 1 through 3 as a valuable dosage calculation checklist.

Step 1 Convert Be sure that all measurements are in the same system and all units are the 
same size.

Step 2 Think Carefully estimate the reasonable amount of the drug that you should 
administer.

Step 3 Calculate 
Dosage on hand
Amount on hand 5 

Dosage desired
X Amount desired 

Review Set 23

For questions 1 through 15, calculate 1 dose of the drugs ordered.

 1. Order: morphine sulfate (Roxanol) oral solution 30 mg p.o. q.4h p.r.n., pain
Supply: Roxanol Oral Solution 20 mg per 5 mL

Give:  mL

■	 Summary boxes draw out key 
information from the chapter as a  
self-check and review tool.
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SUMMARY
At this point, you should be quite familiar with the equivalents for converting within the metric and 
household systems and from one system to another. From memory, you should be able to recall 
quickly and accurately the equivalents for conversions. If you are having diffi culty understanding 
the concept of converting from one unit of measurement to another, review this chapter and seek 
additional help from your instructor.

Consider the two Clinical Reasoning Skills scenarios, and work the Practice Problems for Chapter 4. 
Concentrate on accuracy. One error can be a serious mistake when calculating the dosages of 
medicines or performing critical measurements of health status.

 34. A child who weighs 55 lb is to receive 0.05 mg of a drug per kg of body weight per dose. How 
much of the drug should the child receive for each dose?   mg

 35. A child is taking 12 mL of a medication 4 times per day. If the full bottle contains 16 fluid ounces 
of the medication, how many days will the bottle last?   day(s)

 36. A doctor prescribes 10 mL of Betadine concentrate in 480 mL of warm water as a soak for a finger 
infection. Using measures commonly found in the home, how would you instruct the patient to 
prepare the solution?

 37. A patient is to receive 10 mL of a drug. How many teaspoonsful should the patient take?   
    t

 38. An infant is taking a ready-to-feed formula. The formula comes in quart containers. If the infant 
usually takes 4 fluid ounces of formula every 3 hours during the day and night, how many quarts of 
formula should the mother buy for a 3-day supply?   qt

 39. An infant’s head circumference is 40 cm. The parents ask for the equivalent in inches. You tell the 
parents their infant’s head circumference is  in.

 40. A patient tells you he was weighed in the physician’s office and was told he weighs 206 pounds. 
What is his weight in kilograms?    kg

After completing these problems, see pages xxx–xxx to check your answers.

ERROR
Incorrectly interpreting an apothecary symbol

Possible Scenario
To prevent hypokalemia (lowered potassium), a physician ordered  1

2 potassium gluconate 20 mEq elixir 
three times a day, for a hospitalized patient who was also receiving digitalis and diuretic therapy. The 
nursing student did not recognize the fluid ounce symbol and interpreted the order as 12 of the 20 mEq 
amount. The potassium gluconate was supplied as 20 mEq per 15 mL, and the physician intended 
for the patient to receive 15 mL three times a day; instead, the student nurse prepared 7.5 mL or 11

2 t 
of the elixir in a medicine cup. The nursing instructor asked the student nurse to explain how she 
determined the amount to give, and the student explained that the order is for 12 of the 20 mEq per 
15 mL amount, so 12 of 15 mL is 7.5 mL, or 11

2 t. The instructor pointed to the  symbol and asked if 
the student understood its meaning.

CLINICAL REASONING SKILLS

■	 Examples walk you step-by-step through 
each calculation process, using different 
conversions, medications, and methods, to 
ensure that your mastery of the process is 
complete.
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EXAMPLE 3 ■

Convert: 2.5 g to mg

Equivalent: 1 g 5 1,000 mg

1 g
1,000 mg 5 

2.5 g
X mg

1 g
1,000 mg �  

2.5 g
X mg Cross-multiply

X 5 1,000 3 2.5   2.500.  Move the decimal 3 places to the right to multiply 
by 1,000. Add zeros to complete the operation.

X 5 2,500 mg Label the units to match the unknown X.

EXAMPLE 4 ■

Convert: 0.15 kg to g

Equivalent: 1 kg 5 1,000 g

1 kg
1,000 g 5 

0.15 kg
X g

1 kg
1,000 g �  

0.15 kg
X g  Cross-multiply

X 5 1,000 3 0.15 0.150.  Move the decimal 3 places to the right to multiply 
by 1,000. Add a zero to complete the operation.

X 5 150 g Label the units to match the unknown X.

EXAMPLE 5 ■

Convert: 0.04 L to mL

Equivalent: 1 L 5 1,000 mL

1 L
1,000 mL 5 0.04 L

X mL

1 L
1,000 mL �  0.04 L

X mL  Cross-multiply

X 5 1,000 3 0.04 0.040.  Move the decimal 3 places to the right to multiply 
by 1,000. (1 zero is added to complete the operation.)

X 5 40 mL Label the units to match the unknown X.

EXAMPLE 6 ■

Knowing how to do unit conversions is also helpful when conducting physical assessment. An infant’s 
head circumference is 40.5 cm. How many millimeters does that equal?

Convert: 40.5 cm to mm

Equivalent: 1 cm 5 10 mm

xiv Using This Book 

■	 Drug labels and photos are presented in full color; actual  
size labels help prepare you to read and interpret content in  
its true-life format.
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■	 Illustrations simulate critical dosage calculation 
and dose preparation skills.

Chapter 12  Reconstitution of Solutions    341

 TYPES OF RECONSTITUTED PARENTERAL SOLUTIONS

There are two types of reconstituted parenteral solutions: single strength and multiple strength. The 
simplest type to dilute is a single-strength solution. This type usually has the recommended dilution 
directions and resulting supply dosage printed on the label, as seen on the cefazolin 500 mg label in 
Figure  12-4 and the Zithromax label in Figure  12-2(b). Some medications have several directions 
for dilution that allow the nurse to select the best supply dosage. This is called a multiple-strength 

12

112

2

212

3mL

+ =

12

112

2
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3mL

1 mL

2 mL

3 mL

12

112

2

212

3mL

1 mL

2 mL

3 mL

3 mL

2 mL

1 mL

Withdraw 2 mL
sterile water

12

112

2

212

3mL3 mL

2 mL

1 mL

Inject 2 mL
air into sterile
water diluent

vial

Sterile water
for injection

Sterile water
for injection

cefazolin
sodium
500 mg

Add 2 mL
sterile water to

cefazolin 500 mg powder
and shake well

Make
cefazolin 500 mg

in 2.2 mL
reconstituted

solution
for cefazolin
225 mg/mL

Withdraw 1 mL
cefazolin solution
for the ordered

dosage of 225 mg

cefazolin
sodium 500 mg

FIGURE 12-4(d) Cefazolin reconstitution procedure to fill the order cefazolin 225 mg IV q.6h
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CAUTION
The quantity (volume) of the diluent may not be the same at the resulting quantity (volume) of the 
solution. To calculate the dose (amount to give), you must identify the concentration of the solution, 
which may be expressed either as the total dosage in the container per total quantity (resulting 
volume, such as 500 mg per 2.2 mL) or the dosage of medication per specified quantity (usually 
per 1 mL, such as 500 mg per 2.2 mL).

■	 Clinical Reasoning Skills apply critical  
thinking to real-life patient care situations 
emphasizing the importance of accurate  
dosage calculations and the avoidance of 
medication errors. As an added benefit,  
clinical reasoning scenarios present  
prevention strategies so that you can  
learn how to avoid these errors in practice.

Chapter 10  Oral Dosage of Drugs    253

Medication errors can be caused by setting up problems 
incorrectly. Let’s look at an example to identify the 
nurse’s error.

ERROR
Incorrectly using the ratio-proportion method of dosage calculation

Possible Scenario
Suppose the physician ordered Keflex 80 mg p.o. q.i.d. for a child with an upper respiratory infection, 
and the Keflex is supplied in an oral suspension with 250 mg per 5 mL. The nurse decided to 
calculate the dosage using the ratio-proportion method and set up the problem this way:

 
80 mg
5 mL  �  

250 mg
X mL

80X 5 1,250

80X
80  5 

1,250
80

X 5 15.6 mL        INCORRECT

The nurse gave the child 15 mL of Keflex for 2 doses. The next day, as the nurse prepared the 
medication in the medication room, another nurse observed the nurse pouring 15 mL into a medicine 
cup and asked about the dosage. At that point, the nurse preparing the medication realized the error.

Potential Outcome
The child could develop complications from the overdosage of Keflex, such as renal impairment 
and liver damage. When the physician was notified of the error, the physician would likely order 
the medication discontinued and the child’s blood urea nitrogen (BUN) and liver enzymes monitored. 
An incident report would be filed and the family would be notified of the error.

Prevention
This type of calculation error occurred because the nurse set up the ratio-proportion problem 
incorrectly. The dosage on hand and amount on hand were not both set up on the left (or same) 
side of the proportion. The problem should have been calculated this way:

 
250 mg

5 mL  �  
80 mg
X mL

250X 5 400

250X
250  5 400

250

X 5 1.6 mL      CORRECT

In addition, had the nurse used Step 2: Think of the Three-Step Approach, the nurse would 
have estimated that the dose required was less than 5 mL, not more. You should think first, 
and then calculate. In calculating ratio-proportion problems, remember to keep the weight of 
the medication and the amount of the known together on the left side of the proportion, and the 
weight and the amount of the unknown together on the right side. In this scenario, the patient 
would have received almost 10 times the amount of medication ordered by the physician each time 
the nurse committed the error. You can use ratio-proportion to determine how many mg of Keflex 
the child received in the scenario.

 
250 mg

5 mL  �  
X mg
15 mL 

5X 5 3,750

X 5 750 mg, not 80 mg as ordered

Obviously, the nurse did not think through for the reasonable amount and either miscalculated the 
dosage three times or did not bother to calculate the dosage again, preventing identification of the error.

CLINICAL REASONING SKILLS

■	 Problems illustrate questions that 
students will encounter in actual 
lab and clinical situations.

 13. Order: terbutaline 250 mcg subcut stat and repeat q.15 to 30 min if no significant improvement

 a. For what condition(s) is terbutaline indicated?  

 b. What dosage strengths of terbutaline may be supplied in solution for injection?  

   

 c. By what parenteral routes may terbutaline be administered?  

 d. What is the usual recommended adult dosage range?  

 e. Identify the letter of the label showing the supplied dosage strength that you will use to 
calculate one dose.  

 f. Give:  mL

 g. Mark correct amount on the syringe:

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.
0

 m
L
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■	 Review Sets are inserted after each new topic, 
to encourage you to stop and check your 
understanding of the material just presented.
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EXAMPLES ■

1 mcg 5 0.001 mg (moved decimal point to the left 3 places)

2 g 5 2,000 mg (moved decimal point to the right 3 places)

2 g 5 2,000,000 mcg (moved decimal point to the right 6 places, because the conversion required two steps)

In time, you will probably do these calculations in your head with little difficulty. If you feel you do 
not understand the concept of conversions within the metric system, review again the decimal section in 
Chapter 1 and the metric section in Chapter 3. Also get help from your instructor before proceeding further.

 1. 500 mL 5  L

 2. 0.015 g 5  mg

 3. 8 mg 5  g

 4. 10 mg 5  g

 5. 60 mg 5  g

 6. 300 mg 5  g

 7. 0.2 g 5  mg

 8. 1.2 g 5  mg

 9. 0.0025 kg 5  g

 10. 0.065 g 5  mg

 11. 0.005 L 5  mL

 12. 1.5 L 5  mL

 13. 100 mcg 5  mg

 14. 250 mL 5  L

 15. 2 kg 5  g

 16. 0.75 L 5  mL

 17. 5,000 mL 5  L

 18. 1 L 5  mL

 19. 1 g 5  mg

 20. 3,000 mL 5  L

 21. 23 mcg 5  mg

 22. 1.05 g 5  kg

 23. 18 mcg 5  mg

 24. 0.4 mg 5  mcg

 25. 2,625 g 5  kg

 26. 50 cm 5  m

 27. 10 L 5  mL

 28. 450 mL 5  L

 29. 5 mL 5  L

 30. 30 mg 5  mcg

After completing these problems, see page 642 to check your answers.

QUICK REVIEW
To use the ratio-proportion method to convert from one unit of measurement to another:

1. Recall the metric equivalents.

2. Set up a proportion of two equivalent ratios.

3. Cross-multiply to solve for an unknown quantity, X.

MATH TIP
Remember this diagram when converting within the metric system.

Move the decimal point three places to the left for each step.

kg             g            mg             mcg

Move the decimal point three places to the right for each step.

Review Set 13

Convert each of the following to the equivalent unit indicated.

■	 Essential Skills Pretest, Section Self-
Evaluations, Posttest, and Comprehensive 
Skills Evaluation test your mastery of 
concepts and critical calculation skills.

Section 4  Self-Evaluation    597

 36. Order: NS IV for continuous infusion at 40 mL/h c Ancef 250 mg IV q.8h over 30 min by volume 
control set

  Available: Ancef 125 mg/mL

  Add  mL NS and  mL Ancef to the chamber to infuse at 40 mL/h.

 37. Order: Timentin 750 mg IV q.6h. Recommended minimal dilution (maximal concentration) is 
100 mg/mL. Calculate the number of mL to be used for minimal dilution of the Timentin as 
ordered.  mL

Chapter 17—Advanced Adult Intravenous Calculations

Unless stated otherwise, IV pumps are calibrated to deliver whole mL/h.

Use the following information to answer questions 38 through 41.

Mr. Smith is on restricted fluids. His IV order is: NS 1,500 mL IV q.24h c 300,000 units penicillin G 
potassium IV PB in 100 mL NS q.4h over 30 min. The infusion set is calibrated at 60 gtt/mL.

 38. Set Mr. Smith’s regular IV at  gtt/min.

 39. Set Mr. Smith’s IV PB at  gtt/min.

Later during your shift, an electronic infusion pump becomes available. You decide to use it to regulate 
Mr. Smith’s IVs.

 40. Regulate Mr. Smith’s regular IV at  mL/h.

 41. Regulate Mr. Smith’s IV PB at  mL/h.

 42. Order: potassium chloride 40 mEq/L D5W IV at 2 mEq/h

  Regulate the infusion pump at  mL/h.

 43. Order: nitroglycerin 25 mg/L D5W IV at 5 mcg/min

  Regulate the infusion pump calibrated in tenths of a mL/h at  mL/h.

Refer to this order for questions 44 through 47.

Order: Induce labor c Pitocin 15  units/L LR IV continuous infusion at 2  milliunits/min; increase by 
1  milliunit/min q.30 min to a maximum of 20 milliunits/min.

 44. The initial concentration of Pitocin is  milliunits/mL.

 45. The initial Pitocin order will infuse at the rate of  mL/min.

 46. Regulate the electronic infusion pump at  mL/h to initiate the order.

 47. The infusion pump will be regulated at a maximum of  mL/h to infuse the maximum 
of 20 milliunits/min.

Use the following information to answer questions 48 and 49.

Order for Ms. Hill, who weighs 150 lb, to stabilize her blood pressure: dopamine 400 mg per 0.5 L D5W 
at 4 mcg/kg/min titrated to 12 mcg/kg/min.

 48. Regulate the electronic infusion pump calibrated in tenths of a mL/h for Ms. Hill’s IV
at   mL/h to initiate the order.

 49. Anticipate that the maximum flow rate for Ms. Hill’s IV to achieve the maximum safe titration 
would be  mL/h.

 50. Mr. Black has an order for heparin 10,000 units in 500 mL NS IV at 750 units/h. Regulate the 
infusion pump at  mL/h.

■	 Practice Problems round out each chapter. This is your 
opportunity to put your skills to the test, to identify 
your areas of strength, and also to acknowledge those 
areas in which you need additional study.
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doctor check the original order and find that the incomplete order was filled in by the nurse. When 
the doctor did not specify the type of insulin, the nurse assumed that the physician meant regular, 
which is short acting, when in fact intermediate-acting NPH insulin was desired.

Prevention
This error could have been avoided by remembering all the essential components of an insulin order: 
brand or generic name, type of insulin (such as regular or NPH), supply dosage, the amount to 
give in units, and the frequency. When you fill in an incomplete order, you are essentially practicing 
medicine without a license. This would be a clear malpractice incident. It does not make sense to 
put yourself and your patient in such jeopardy. A simple phone call would clarify the situation for 
everyone involved. Further, the nurse should have double-checked the dosage with another licensed 
practitioner. Had the nurse done so, the error could have been discovered prior to administration.

PRACTICE PROBLEMS—CHAPTER 11

Calculate the amount you will prepare for 1 dose. Indicate the syringe you will select to measure the 
medication.

 1. Order: hydromorphone (Dilaudid) 4 mg slow IV push (over 10 min) q.4h p.r.n., severe pain

Supply: hydromorphone 10 mg/mL

Give:  mL Select:  syringe

 2. Order: morphine sulfate 15 mg slow IV push (over 5 min) stat

Supply: morphine sulfate 10 mg/mL

Give:  mL Select:  syringe

 3. Order: digoxin 0.6 mg slow IV push stat

Supply: digoxin 500 mcg per 2 mL

Give:  mL Select:  syringe

 4. Order: hydroxyzine 15 mg IM stat

Supply: hydroxyzine 25 mg/mL

Give:  mL Select:  syringe

 5. Order: clindamycin 300 mg IV PB q.i.d.

Supply: clindamycin 0.6 g per 4 mL

Give:  mL Select:  syringe

 6. Order: metoclopramide 50 mg added to 50 mL IV PB bag as one-time order to infuse over 30 min

Supply: 30 mL single-dose vial metoclopramide 5 mg/mL

Give:  mL Select:  syringe

 7. Order: hydroxyzine 40 mg IM q.4h p.r.n., agitation

Supply: hydroxyzine 50 mg/mL

Give:  mL Select:  syringe

■	 Clinical Simulations provide opportunities to 
practice your clinical reasoning combined with 
dosage calculation skills for safe and accurate 
medication administration.

Chapter 11  Parenteral Dosage of Drugs    321

 18.  units of heparin

U
se

d 
w

ith
 p

er
m

is
si

on
 f
ro

m
 

Fr
es

en
iu

s 
K

ab
i U

S
A,

 L
LC

, w
ho

se
 

pr
od

uc
ts

 a
re

 a
va

ila
bl

e 
on

ly
 in

 t
he

 
U

ni
te

d 
S

ta
te

s.

6.4 mL

1 2 3 4 5 6 7 8 9 10 m
L

Copyright © 2016 Cengage Learning®.

Questions 19 through 22: You are asked to provide independent verification for high-alert drug dosages. 
As shown, your nurse colleague provides you with the drug order, labeled vial used to prepare the dosage, 
and the syringe filled with the dose amount. Determine if the drug drawn up is the correct dosage.

 19. Order: Lantus U-100 insulin 67 units subcut daily at 0900

Correct dosage? Yes  No 
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 20. Order: Humulin-R regular U-100 
insulin 15 units subcut stat

Correct dosage? Yes  
No 
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 Using This Book    xvii

■	 NCLEX-RN™ and NCLEX-PN™ alternate 
test items give you an opportunity to practice 
answering questions formatted like these 
licensure examinations.

598 Section 4  Self-Evaluation

Section 4 Board Examination Practice

To obtain licensure, you will be required to pass a board examination. The following problems represent 
the various types of items on the NCLEX-RN® (National Council Licensure Examination for Regis-
tered Nurses) and NCLEX-PN® (National Council Licensure Examination for Practical Nurses) exams. 
Whether you will be taking one of these board examinations or one from another licensure board, alternate 
test items such as these are good practice. For additional practice, go to the online practice software that 
accompanies this text, to respond to more interactive test items, including those using the calculator tool.

 51. NCLEX Fill-in-the-Blank Item

The antidote drug for heparin overdosage is .

Answer: 

 52. NCLEX Multiple-Response Item

Before administering high-alert medications, the nurse should perform independent double verification. 
What does this process require? (Place a check mark beside all that apply.)

Answer:

 a. Two clinicians checking volume in syringe separately from each other. 

 b. One nurse isolated, away from distractions, reviewing calculations twice. 

 c. Independent review of order, lab tests, calculations, and amount prepared. 

 d. Comparison of previous dose and current dose. 

 53. NCLEX Exhibit Item

Patient scenario: Diabetic patient with blood glucose level of 310 mg/dL. According to the following IV 
insulin protocol on the following page, the nurse should administer a bolus of:

 a. 1
2 amp of 50% dextrose

 b. 10 units IV push

 c. 100 units regular insulin in 100 mL of 0.9% NaCl

 d. 25 units/hour

 54. NCLEX Drag-and-Drop / Ordered-Response Item

Copy the tasks from the box onto the list in the proper sequence to administer high-alert intravenous 
heparin by a standard weight-based protocol.

 Answer:

Check aPTT test results.
Start continuous infusion, if required.
Record weight in kilograms.
Administer bolus, if required.
Adjust infusion rate, if required.
Check aPTT test results.
Administer rebolus, if required.

 

 

 

 

 

 

 

■	 Appendix A: Study Guide summarizes equivalents, 
abbreviations, terms, and calculation methods.

■	 Appendix B: Apothecary System describes  
the common units, symbols, and equivalent 
conversions of this measurement system.

The apothecary system was introduced in Chapter 3. The following units, abbreviations, symbols, and 
equivalents describe the remnants of this ancient method of measuring medication dosages. Because it is 
less accurate than the metric system, it is no longer recommended for safe practice. The basic units are 
the weight measure grain (15 grains is approximately equivalent to 1 gram) and the liquid volume mea-
sures of dram (similar to a teaspoon and still found on some medicine cups), ounce (same as household 
fluid ounce), and minim (approximately a drop). You can compare apothecary and metric measures with 
the following tables and figure.

Apothecary Units

Appendix B: Apothecary 
System

Measure Apothecary Unit Abbreviation Symbol

Weight grain gr N/A
Volume ounce oz
Volume dram dr ʒ
Volume minim min

Apothecary-Metric Approximate Equivalents

Volume Weight

oz   mL min    mL gr       mg gr    mg
1 � 30 45 � 3    15 � 1,000 1

4 � 15
1
2 � 15 30 � 2 10 �    600 1

6 � 10

15 � 1 71
2 �    500 1

8 �   7.5

dr   mL 12 � 0.75   5 �    300 1
10 �   6

21
2 � 10 10 � 0.6   4 �    250 1

15 �   4

2   �  8 8 � 0.5   3 �    200 1
20 �   3

11
4 �  5 5 � 0.3 21

2 �    150 1
30 �   2

1   �  5 4 � 0.25   2 �    120 1
40 �   1.5

3 � 0.2 11
2 �    100 1

60 �   1

1 minim � 1 gtt 11
2 � 0.1 1 �      60 1

100 �   0.6

1 � 0.06 3
4 �      45 1

120 �   0.5
3
4 � 0.05 1

2 �      30
1

150 �   0.4

1
2 � 0.03 1

3 �      20
1

200 �   0.3
1

250 �   0.25

■	 Drug Label Index identifies each label in the text 
as a quick reference.

■	 Online Practice Software is offered as your built-in learning tutor. As you study each chapter, be sure to also 
work with the online study tool. This valuable resource will help you verify your understanding of key rules and 
calculations.

Appendix A: Study Guide     737

 CHAPTER 9—PREVENTING MEDICATION ERRORS

“Do Not Use” List of Medical Abbreviations

Do Not Use Safe to Use                                              

U, u units
IU  international units
Q.D., QD, q.d., qd daily
Q.O.D., QOD, q.o.d., qod 
Trailing zero (X.0 mg) no trailing zero
Lack of leading zero (.X mg) 
MS  morphine sulfate or magnesium sulfate
MSO4 and MgSO4 morphine sulfate or magnesium sulfate

Six Rights of Safe and Accurate Medication Administration

The right patient must receive the right drug in the right amount by the right route at the right time 
followed by the right documentation.

 CHAPTERS 10 & 11—ORAL AND PARENTERAL
DOSAGE OF DRUGS

Three-Step Approach to Dosage Calculations

Step 1: Convert—Ensure that all measurements are in the same system of measurement.
Step 2: Think—Estimate what is a reasonable amount of the drug to administer.
Step 3: Calculate—Use the ratio-proportion method to calculate the amount to give.

Dosage Calculations: Ratio-Proportion Method

Dosage on hand
Amount on hand � 

Dosage desired
X Amount desired

 CHAPTER 12—RECONSTITUTION OF SOLUTIONS

Important Definitions
■ Reconstitution: the process of mixing and diluting solutions
■ Solute: a substance to be dissolved or diluted
■ Solvent: a substance (liquid) that dissolves another substance to prepare a solution; diluent
■ Solution: the resulting mixture of a solute plus a solvent

Fractions That Express the Strength of a Solution
■ The numerator of the fraction expresses the number of parts of the solute.
■ The denominator of the fraction is the total number of parts of the solution.
■ The difference between the denominator (total solution) and the numerator (parts of the solute) is 

the number of parts of the solvent.
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A
acetaminophen, 250
acetaminophen (Tylenol), 610
acetaminophen and hydrocodone 

bitartrate (Lortab), 5, 168, 
177, 234

acetaminophen and oxycodone 
(Percocet), 168, 234, 262

acyclovir, 342, 361
albuterol sulfate, 244, 432, 459
Aldactone (spironolactone), 98, 

167, 262
aluminum hydroxide, 

magnesium hydroxide, and 
simethicone oral suspension 
(Antacid Plus), 99

amiodarone HCl injection, 286
amoxicillin and clavulanate 

potassium, 5, 18, 429
amoxicillin oral suspension, 15, 

244, 403, 416, 426, 465
amphotericin B, 358
ampicillin injection, 372, 415
ampicillin sodium/

sulbactam sodium (Unasyn), 
372, 617

Antacid Plus (aluminum 
hydroxide, magnesium 
hydroxide, and simethicone 
oral suspension), 99

Apidra (insulin glulisine 
injection/rDNA), 297, 325

Ativan injection (lorazepam 
injection), 207, 278, 281

atomoxetine HCl (Strattera), 4, 
457, 458, 459

azithromycin (Zithromax), 164, 
338, 361, 462

azithromycin injection, 10
Azul� dine (sulfasalazine), 230

B
Biaxin (clarithromycin), 170, 

217, 431
bumetanide injection, 176, 286
butorphanol tartrate injection, 7

C
Calan (verapamil), 4, 230
Carafate (sucralfate), 15, 160, 

216, 260
carbamazepine (Tegretol), 166, 

169, 231, 260, 424
cefaclor, 236, 237, 244, 401, 426, 

430, 466
cefadroxil monohydrate 

(Duricef), 213, 233
cefazolin sodium injection, 340, 

354, 368, 388, 433, 463
cefepime injection, 354, 367
cefotaxime (Claforan), 170, 538
cefpodoxime proxetil (Vantin), 

164, 170, 174, 388, 
430, 464

ceftriaxone injection, 19, 354, 
356, 366, 386, 387, 429, 463, 
621, 623

cephradine (Velosef), 368
cipro� oxacin injection, 165
Claforan (cefotaxime), 170, 538
clarithromycin (Biaxin), 170, 

217, 431
clavulanate potassium and 

amoxicillin, 5, 18, 429
clindamycin injection, 284, 

439, 460
clonazepam, 4, 166, 170, 221, 433
clonazepam orally disintegrating 

tablets, 214, 218, 261
clonidine hydrochloride, 214, 

218, 221

codeine sulfate tablets, 459
Continu-Flo solution set, 494
Continu-Flo solution set with 

Duo-Vent spike, 18, 482, 495
Co-Trimoxazole (trimethoprim 

and sulfamethoxazole), 
407, 412

cytarabine injection, 369

D
Depakene (valproic acid), 244, 

424, 457
Depo-Provera 

(medroxyprogesterone 
acetate), 175, 282

dexamethasone sodium 
phosphate injection, 271, 448

dextromethorphan HBr and 
pseudoephedrine (Robitussin 
Pediatric Cough & Cold), 407

dextrose 5% and 0.9% sodium 
chloride injection, 476, 479

dextrose 5% and 0.45% sodium 
chloride injection, 478, 609

dextrose 5% and 0.225% sodium 
chloride injection, 478

dextrose 5% and Lactated 
Ringer’s injection, 
475, 479

dextrose 5% injection, 475, 479
diazepam (Valium), 160
digoxin injection, 9, 271, 280, 

335, 609
digoxin oral liquid, 250
digoxin tablets, 231, 262, 

442, 610
Dilantin (phenytoin sodium), 10, 

460, 466
diltiazem hydrochloride 

injection, 274, 335, 525

Boldface indicates generic drug name

Drug Label Index
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Pretest and Mathematics 
Review
Essential Skills Evaluation: Pretest

Essential Skills Evaluation: Pretest Answer Sheet

Mathematics Diagnostic Evaluation

1 Fractions and Decimals

2 Ratios, Percents, Simple Equations, and Ratio-Proportion

Section 1 Self-Evaluation

Section

1
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Record your answers on the Essential Skills Evaluation: Pretest Answer Sheet on page 21. 
Do not record your answers on the test itself. You will refer back to this Essential Skills 
Evaluation as an essential skills posttest when you conclude your studies.

As you begin the study of safe dosage calculation, consider that you bring previous knowledge from 
life experiences. Perhaps you have worked or volunteered in a health care setting or administered medi-
cation to a family member or friend. This essential skills pretest will help you identify dosage calculation 
skills you already possess and highlight skills that you will learn and master as you work through the 
text. Take this pretest now, but do not be concerned if there are many questions you are unable to answer. 
That is to be expected. Use scrap paper to work the problems rather than writing on the test pages so 
that you can take this test again once you have completed this course of study. Separate answer sheets 
are provided following the pretest and again following Section 4 (as a posttest) for you to record your 
answers. Comparing your answers from the pretest with those of the posttest will allow you to measure 
your improvement and see what material you may need to revisit with your instructor.

The Essential Skills Evaluation is designed to be similar to the type of entry-level test given by 
hospitals and health care agencies during orientation for new graduates and new employees. It excludes 
the advanced calculation skills presented in Chapters 16 and 17. A more comprehensive skills evaluation 
will be available at the end of the text, to measure mastery of the full range of dosage calculation skills 
presented in all 17 chapters of the text.

Locate the Essential Skills Evaluation: Pretest Answer Sheet, gather some scratch paper, and let’s 
get started!

Instructions for questions 1 through 19:

Throughout your assigned shift on a busy adult medical unit, you will give medications to a group of 
 patients. The following labels represent the medications available on the medical unit to fill the orders 
given. Calculate the amount you will administer for one dose, and identify the frequency of administration 
of each dose. For solutions, mark an arrow on the syringe to indicate the correct volume. When multiple 
syringes are provided, choose the most appropriate one to mark.

Essential Skills Evaluation: 
Pretest
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 1. Order: verapamil 40 mg p.o. t.i.d.

Give:  tablet(s)  Frequency: 
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 2. Order: clonazepam 1.5 mg p.o. b.i.d.

Give:  tablet(s)  Frequency: 
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 3. Order: atomoxetine 20 mg p.o. daily

Choose:  mg capsules  Give:  capsule(s)  Frequency: 
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 Essential Skills Evaluation: Pretest    5

 4. Order: Lortab 2.5 mg p.o. q.3h, p.r.n., moderate pain (ordered according to dose of hydrocodone)

Give:  tablet(s)

Frequency: 
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 5. Order: levothyroxine 0.3 mg p.o. q.am

Give:  tablet(s)

Frequency: 
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 6. Order: amoxicillin and clavulanate potassium 100 mg p.o. q.8h (ordered according to dose of 
amoxicillin)

Give:  mL  Frequency: 
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 7. Order: promethazine 12.5 mg IV q.4h p.r.n., nausea

Give:  mL (Use label A.)

Frequency: 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.
0

 m
L
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 8. Order: promethazine 40 mg IM stat

Give:  mL (Use label B.)

Frequency: 

1 2 11
2

2 21
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L
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 Essential Skills Evaluation: Pretest    7

 9. Order: morphine sulfate 4 mg slow IV push q.4h p.r.n., severe pain

Give:  mL  Frequency: 
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 10. Order: butorphanol 3 mg IM stat

Give:  mL

Frequency: 
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 11. Order: kanamycin 350 mg IV PB q.8h

Give:  mL

Frequency: 
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 12. Order: gentamicin 35 mg IM stat

Give:  mL

Frequency: 

SAMPLE. NOT FOR HUMAN USE.
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 13. Order: glycopyrrolate 200 mcg IV stat

Give:  mL

Frequency: 
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 Essential Skills Evaluation: Pretest    9

 14. Order: digoxin 0.125 mg IV q.am

Give:  mL

Frequency: 
Digoxin
Injection, USP
500 mcg/2 mL
Store at 20˚-25˚C (68˚-77˚F).
Baxter Healthcare Corporation
Deerfield, IL 60015 USA

LO
T/

EX
P

40 packs each containing
25 x 2 mL DOSETTE Ampuls

475-523-00

(01) 5 03 10019 12345 0 (30) 0100

NDC 0641-1410-35
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 15. Order: doxycycline 80 mg IV PB q.12h

Give:  mL

Frequency: 
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