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Poison is in everything, and no thing is without poison. The dosage makes
it either a poison or a remedy.

Paracelsus (1493-1541)

Medieval physician and alchemist
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Preface

Drug treatments given to patients in hospital are becoming increasingly
complex. Sometimes, these treatment regimes involve potent and, at
times, new and novel drugs. Many of these drugs are toxic or possibly
fatal if administered incorrectly or in overdose. It is therefore very
important to be able to carry out drug calculations correctly so as not to
put the patient at risk.

In current nursing practice, the need to calculate drug dosages is not
uncommon. These calculations have to be performed competently and
accurately, so as not to put not only the nurse but, more importantly, the
patient at risk. This book aims to provide an aid to the basics of mathematics
and drug calculations. It is intended to be of use to nurses of all grades and
specialities, and to be a handy reference for use on the ward.

The concept of this book arose from nurses themselves; a frequently asked
question was: ‘Can you help me with drug calculations?” Consequently, a
small booklet was written to help nurses with their drug calculations,
particularly those studying for their IV certificate. This was very well
received, and copies were being produced from original copies, indicating
the need for such help and a book like this.

The content of the book was determined by means of a questionnaire,
sent to nurses asking them what they would like to see featured in a drug
calculations book. As a result, this book was written and, hopefully,
covers the topics that nurses would like to see.

Although this book was primarily written with nurses in mind, others
who use drug calculations in their work will also find it useful. Some
topics have been dealt with in greater detail for this reason, e.g. moles and
millimoles. This book can be used by anyone who wishes to improve
their skills in drug calculations or to use it as a refresher course.



How to use this book

This book is designed to be used for self-study. Before you start, you
should attempt the pre-test to assess your current ability in carrying out
drug calculations. After completing the book, repeat the same test and
compare the two scores to measure your improvement.

To attain maximum benefit from the book, start at the beginning and
work through one chapter at a time, as subsequent chapters increase in
difficulty. For each chapter attempted, you should understand it a fully
and be able to answer the problems confidently before moving on to the
next chapter.

Alternatively, if you wish to quickly skip through any chapter, you can
refer to the ‘Key Points’ found at the start of each chapter.

A note about drug names

In the past, the British Approved Name (BAN) was used for drugs in the
UK. European law now requires use of the Recommended International
Non-proprietary Name (rINN) for medicinal substances. In most cases,
the old BAN and the new rINN are identical. Where the two differ, the
BAN has been modified to the new rINN; for example: amoxicillin instead
of amoxycillin.

Adrenaline and noradrenaline have two names (BAN and rINN).
However, adrenaline and noradrenaline are the terms used in the titles of
monographs in the European Pharmacopoeia and are thus the official names
in the member states. The British Pharmacopoeia 2008 shows the European
Pharmacopoeia names first followed by the rINN at the head of its
monographs (adrenaline/epinephrine); the British National Formulary (BNF)
has adopted a similar style.

For a full list of all the name changes, see the current edition of the BNF.
Affected drugs that appear in this book will be referred to by their new
name (rINN) followed by their old name (BAN) in brackets; for adrenaline,
this book will follow the convention used by the British Pharmacopoeia.

Case reports

The journal Pharmacy in Practice highlights real-life medication errors to
act as learning points for practitioners. Some of these have been used as
Case Reports in this book to illustrate important points to remember.



PRE-TEST

To obtain the maximum benefit from this book, it is a good idea to
attempt the pre-test before you start working through the chapters. The
aim of this pre-test is to assess your ability at various calculations.

The pre-test is divided into several sections that correspond to each
chapter in the book, and the questions try to reflect the topics covered
by each chapter. You don’t have to attempt questions for every chapter,
only the ones that you feel are relevant to you. Answering the questions
will help you identify particular calculations you have difficulty with.

You can use calculators or anything else you find helpful to answer the
questions, but it is best to complete the pre-test on your own, as it is your
ability that is being assessed and not someone else’s.

Don’t worry if you can’t answer all of the questions. As stated before,
the aim is to help you to identify areas of weakness. Once again, you
don’t have to complete every section of the pre-test, just the ones you
want to test your ability on.

Once you have completed the pre-test and checked your answers, you can
then start working through the chapters. Concentrate particularly on the
areas you were weak on and miss out the chapters you were confident with
if you wish.

It is up to you as how you use this book, but hopefully the pre-test will
help you to identify areas you need to concentrate on.

The pre-test consists of 50 questions and covers all the topics and types
of questions in the book. Mark your score out of 50, then double it to
find your percentage result.

BASICS

The aim of this section is to test your ability on basic principles such as
multiplication, division, fractions, decimals, powers and using calculators,
before you start any drug calculations.

Long multiplication

Solve the following:

1 678 x 465

2 308 x 1.28
Long division
Solve the following:

3 3143 + 28
4 375+1.25



Fractions

Solve the following, leaving your answer as a fraction:
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Convert to a decimal (give answers to 2 decimal places):

2
93
9
10 %6
Decimals

Solve the following:

11 25 x 0.45

12 5+0.2

13 1.38 x 100
14 25.64 + 1,000

Convert the following to a fraction:

15 1.2
16 0.375

Roman numerals

Write the following as ordinary numbers:

17 VII
18 IX

Powers

Convert the following to a proper number:
19 3 x 10*
Convert the following number to a power of 10:

20 5,000,000

Basics Xxiii



xiv Pre-test

PER CENT AND PERCENTAGES

This section is designed to see if you understand the concept of per cent
and percentages.

21 How much is 28% of 250 g?
22 What percentage is 160 g of 400 g?

UNITS AND EQUIVALENCES

This section is designed to test your knowledge of units normally used in
clinical medicine, and how to convert from one unit to another. It is
important that you can convert between units easily, as this is the basis
for most drug calculations.

Convert the following.

Units of weight

23 0.0625 milligrams (mg) to micrograms (mcg)
24 600 grams (g) to kilograms (kg)
25 50 nanograms (ng) to micrograms (mcg)

Units of volume
26 0.15 litres (L) to millilitres (mL)

Units of amount of substance

Usually describes the amount of electrolytes, as in an infusion (see
Chapter 7 ‘Moles and millimoles’ for a full explanation).

27 0.36 moles (mol) to millimoles (mmol)

DRUG STRENGTHS OR CONCENTRATIONS

This section is designed to see if you understand the various ways in which
drug strengths can be expressed.

Percentage concentration
28 How much sodium (in grams) is there in a 500 mL infusion of
sodium chloride 0.9%?

mg/mL concentrations

29 You have a 5mL ampoule of dopexamine 1%. How many milligrams of
dopexamine are there in the ampoule?



Dosage calculations xv

‘l'in ...’ concentrations or ratio strengths

30 You have a 10 mL ampoule of adrenaline/epinephrine 1 in 10,000.
How much adrenaline/epinephrine — in milligrams — does the ampoule
contain?

Parts per million (ppm) strengths

31 If drinking water contains 0.7 ppm of fluoride, how much fluoride (in
milligrams) would be present in 1 litre of water?

DOSAGE CALCULATIONS

These are the types of calculation you will be doing every day on the ward.
They include dosages based on patient parameters and paediatric calculations.

Calculating the number of tablets or capsules required

The strength of the tablets or capsules you have available does not always
correspond to the dose required. Therefore you have to calculate the
number of tablets or capsules needed.

32 The dose prescribed is furosemide (frusemide) 120 mg. You have
40mg tablets available. How many tablets do you need?

Drug dosage

Sometimes the dose is given on a body weight basis or in terms of body
surface area. The following questions test your ability at calculating
doses based on these parameters.

Work out the dose required for the following:

33 Dose = 0.5 mg/kg Weight = 64 kg
34 Dose = 3 mcg/kg/min Weight = 73 kg
35 Dose = 1.5 mg/m? Surface area = 1.55m? (give answer to

3 decimal places)

Calculating dosages

Calculate how much you need for the following dosages:

36 You have aminophylline injection 250 mg in 10mL.
Amount required = 350 mg
37 You have digoxin injection 500 mcg/2 mL.
Amount required = 0.75mg
38 You have morphine sulphate elixir 10mg in SmL.
Amount required = 15mg
39 You have gentamicin injection 40 mg/mL, 2 mL ampoules.
Amount required = 4 mg/kg for a 74 kg patient: how many ampoules
will you need?



xvi Pre-test

Paediatric calculations

40 You need to give trimethoprim to a 7-year-old child weighing 23 kg at
a dose of 4 mg/kg twice a day.
Trimethoprim suspension comes as a 50 mg in 5 mL suspension.
How much do you need for each dose?

Other factors to take into account are displacement volumes for
antibiotic injections.

41 You need to give benzylpenicillin at a dose of 200mg to a 6-month-old
baby. The displacement volume for benzylpenicillin is 0.4 mL per
600 mg vial.

How much water for injections do you need to add to ensure a
strength of 600 mg per 5mL?

MOLES AND MILLIMOLES

This section is designed to see if you understand the concept of millimoles.
Millimoles are used to describe the ‘amount of substance’, and are usually
the units for body electrolytes (e.g. sodium 138 mmol/L).

Moles and millimoles

42 Approximately how many millimoles of sodium are there in a 10mL
ampoule of sodium chloride 30% injection? (Molecular mass of
sodium chloride = 58.5)

Molarity

43 How many grams of sodium chloride is required to make 200ml of a
0.5M solution? (Molecular mass of sodium chloride = 58.5)

INFUSION RATE CALCULATIONS

This section tests your knowledge of various infusion rate calculations. It
is designed to see if you know the different drop factors for different
giving sets and fluids, as well as being able to convert volumes to drops
and vice versa.

Calculation of drip rates

44 What is the rate required to give 500 mL of sodium chloride 0.9%
infusion over 6 hours using a standard giving set?

45 What is the rate required to give 1 unit of blood (500 mL) over
8 hours using a standard giving set?



Answers xvii

Conversion of dosages to mL/hour

Sometimes it may be necessary to convert a dose (mg/min) to an infusion
rate (mL/hour).

46 You have an infusion of dopamine 800 mg in 500 mL. The dose
required is 2 mcg/kg/min for a patient weighing 60kg.
What is the rate in mL/hour?

47 You are asked to give 500 mL of doxapram 0.2% infusion at a rate of
3 mg/min using an infusion pump.
What is the rate in mL/hour?

Conversion of mL/hour back to a dose

48 You have dopexamine 50mg in S0mL and the rate at which the pump
is running is 21 mL/hour. What dose — in mcg/kg/min — is the pump
delivering?

(Patient’s weight = 88kg)

Calculating the length of time for IV infusions

49 A 500mL infusion of sodium chloride 0.9% is being given at a rate of
21 drops/min (standard giving set).
How long will the infusion run at the specified rate?

50 A 250mL infusion of sodium chloride 0.9% is being given at a rate of
42 mL/hour.
How long will the infusion run at the specified rate?

ANSWERS

315,270
394.24
112.25
30
S

21

9

16

W N =

)}

N W[
o «

9 0.40

10 0.56 (0.5625)
11 11.25

12 25



xviii Answers

13 138
14 0.02564

15

16

17
18
19 30,000

20 5 x 106

21 70g

22 40%

23 62.5 micrograms

24 0.6 kilograms

25 0.05 micrograms

26 150 millilitres

27 360 millimoles

28 45¢

29 50 milligrams

30 1mg

31 0.7 mg

32 Three furosemide (frusemide) 40 mg tablets

33 32mg

34 219 mcg/min

35 2.325mg

36 14mL

37 3mL

38 7.5mL

39 4 ampoules

40 9.2mL

41 4.6mL

42 51.3mmol (rounded to 51 mmol)

Sometimes it is necessary to adjust the dose by rounding like this for ease
of calculation and administration, as long as the adjustment is not so
much that it makes a large difference to the amount.

43 5.85¢g sodium chloride

44 27.7 drops/min (rounded to 28 drops/min)

45 15.625 drops/min (rounded to 16 drops/min)

46 4.5mL/hour

47 90mL/hour

48 3.98 mcg/kg/min (approx. 4 mcg/kg/min)

49 7.94 hours (approx. 8 hours)

50 5.95 hours (approx. 6 hours)

© Noo|lw |,



PART |: Mathematics
| FIRST PRINCIPLES

OBJECTIVES
At the end of this chapter, you should be familiar with the following:

* Sense of number and working from first principles
e Estimation of answers

* The ‘ONE unit’ rule

* Checking your answer — does it seem reasonable?
* Minimizing errors

BEFORE WE START

Drug calculation questions are a major concern for most healthcare
professionals, including nurses and those teaching them. There have been
numerous articles highlighting the poor performance of various
healthcare professionals.

The vast majority of calculations are likely to be relatively straightforward
and you will probably not need to perform any complex calculation very
often. But it is obvious that people are struggling with basic calculations.

It is difficult to explain why people find maths difficult, but the best
way to overcome this is to try to make maths easy to understand by going
back to first principles. The aim is not to demean or offend anyone, but
to recall and explain the basics. Maths is just another language that tells
us how we measure and estimate, and these are the two key words.

It is vital, however, that any person performing dose calculations using
any method, formula or calculator can understand and explain how the
final dose is actually arrived at through the calculation.

SENSE OF NUMBER AND WORKING FROM FIRST
PRINCIPLES

There is a risk that calculators and formulae can be used without a basic
understanding of what exactly the numbers being entered actually mean;
consequently there is a potential for mistakes. Working from first
principles and using basic arithmetical skills allows you to have a ‘sense
of number’ and in doing so reduces the risk of making mistakes.

Indeed, the NMC Standards for Medicines Management (2008) states:

The use of calculators to determine the volume or quantity of medication
should not act as a substitute for arithmetical knowledge and skill.



2 First principles

To ensure that when pharmacists qualify they have basic arithmetical skills
and this ‘sense of number’, the Royal Pharmaceutical Society of Great
Britain has banned the use of calculators from their registration exam.
However, this is not to say that calculators should not be used — calculators
can increase accuracy and can be helpful for complex calculations.

The main problem with using a calculator or a formula is the belief
that it is infallible and that the answer it gives is right and can be taken
to be true without a second thought. This infallibility is, to some extent,
true, but it certainly does not apply to the user; the adage ‘rubbish in
equals rubbish out’ certainly applies.

An article that appeared in the Nursing Standard in May 2008 also
highlighted the fact that using formulae relies solely on arithmetic and
gives answers that are devoid of meaning and context. The article
mentions that skill is required to: extract the correct numbers from the
clinical situation; place them correctly in the formula; perform the
arithmetic; and translate the answer back to the clinical context to find
the meaning of the number and thence the action to be taken.

How can you be certain that the answer you get is correct if you have
no ‘sense of number’? You have no means of knowing whether the
numbers have been entered correctly — you may have entered them the
wrong way round.

For example, if when calculating 60 per cent of 2 you enter:

@xz instead of@xz
60 100

You would get an answer of 3.3 instead of the correct answer of 1.2. If you
have a ‘sense of number’ you would immediately realize that the answer
3.3 is wrong.

Another advantage of working from first principles is that you can put
your answer back into the correct clinical context.

You may have entered the numbers correctly into your formula and
calculator and arrived at the correct answer of 1.2 — but what does it mean?
You might mistakenly believe that you need to give 1.2 ampoules instead of
1.2mL. If so, you would need to work out the volume to be drawn up which
equals 1.2 ampoules — more calculations and more potential mistakes!

All this may seem unbelievable — but these things do happen.

References
NMC. Standards for Medicine Management (2008). Nursing and Midwifery
Council, London.

K Wright. Drug calculations part 1: a critique of the formula used by nurses.
Nursing Standard 2008; 22 (36): 40-42.



The ‘ONE unit’ rule 3

ESTIMATION OF ANSWERS

Looking at a drug calculation with a ‘sense of number’ means that we can
often have a ‘rough idea’ or estimate of the answer.

Simple techniques of halving, doubling, addition and multiplication can
be used. For example:

1 You have: 200mg in 10 mL
From this, you can easily work out the following equivalents:
100mg in 5 mL (by halving)
50mg in 2.5 mL (by halving again)
150mg in 7.5mL (by addition: 100mg + 50mg and 5mL + 2.5mL)
2 You have: 100mg in 1 mL
From this, you can easily work out the following:
500mg in 5mL (by addition: 100mg + 100mg + 100mg + 100 mg +
100mg and 1mL + 1 mL + I mL +1 mL +1 mL)
500 mg in SmlL (by multiplication: 100mg x 5 and 1 mL x 5)
200mg in 2mL (by doubling)

If estimation is not possible, then rely on experience and common
sense. If your answer means that you would need six ampoules of an
injection for your calculated dose, then common sense should dictate
that this is not normal practice (see later: ‘Checking your answer — does
it seem reasonable?’).

THE ‘ONE UNIT’” RULE

Various methods are available for drug calculations — we will be using the
‘ONE unit’ rule throughout this book. Using it will enable you to work
from first principles and have a ‘sense of number’.

The rule works by proportion: what you do to one side of an equation,
do the same to the other side. In whatever the type of calculation you are
doing, it is always best to make what you've got equal to one and then
multiply by what you want — hence the name.

The following example will explain the concept more clearly. We will
use boxes in the form of a table to make the explanation easier.

If 12 apples cost £2.88, how much would 5 apples cost?

If we have a ‘sense of number’ we can estimate our answer. Six apples
would cost half of £2.88 which would be £1.44; 3 apples would cost half
of that: 72p. So 5 apples would cost between 72p and £1.44; probably
nearer the upper figure — say £1.20, as a guess.



4  First principles
Now let’s do the calculation using the ‘ONE unit’ rule:
Write down everything we know:
12 apples cost £2.88
Then write down what we want to know underneath:

12 apples cost £2.88
5 apples cost ?

We will write everything using boxes in the form of a table:

12 apples cost  £2.88
5 apples cost ?

The left-hand side (column L) = what you know and what you want
to know.

The right-hand side (column R) = the known and unknown.

First calculate how much one of whatever you have (ONE unit) is
equal to. This is done by proportion. Make everything you know (the left-
hand side or column L) equal to 1 by dividing by 12:

12
Eapples =1 apple

As we have done this to one side of the equation (column L), we must
do the same to the other side (column R):

£2.88
12
12 apples cost £2.88

apples = | apple cost

Next, multiply by what you want to know; in this case it is the cost of
5 apples.

So multiply 1 apple (column L) by 5 and don’t forget, we have to do
the same to the other side of the equation (right-hand side or column R):



Checking you answer: does it seem reasonable?

12 apples cost  £2.88

12 apples = | apple cost £2.88

12 12
£2.88

Sapples=1x5=5 cost X 5=£1.20

12

So 5 apples would cost £1.20.
Working from first principles ensures that the correct units are used
and that there is no confusion as to what the answer actually means.
Checking with our original estimation: 5 apples would cost between
72p to £1.44; probably nearer the upper figure — say £1.20, as a guess.
Our guess was the correct answer.
The above is a lengthy way of doing a simple calculation. In reality, we
would have completed the calculation in three steps:

12 apples cost £2.88

| apple cost

£2.88 X 5=£1.20

5 apples cost

CHECKING YOUR ANSWER: DOES IT SEEM REASONABLE?

As stated before, it is good practice to have a rough idea of the answer first,
so you can check your final calculated answer. Your estimate can be a single
value or, more usually, a range in which your answer should fall. If the
answer you get is outside this range, then your answer is wrong and you
should re-check your calculations.

The following guide may be useful in helping you to decide whether
your answer is reasonable or not. Any answer outside these ranges
probably means that you have calculated the wrong answer.

The maximum you should give a patient for any one dose:

TABLETS Not more than 4*
LIQUIDS Anything from 5mL to 20mL
INJECTIONS Anything from 1 mL to 10mL

*An exception to this would be prednisolone. Some doses of prednisolone
may mean the patient taking up to 10 tablets at any one time. Even with
prednisolone, it is important to check the dose and the number of tablets.

5



6 First principles

Always write your calculations down

PUTTING IT ALL TOGETHER

Using all the above principles, consider the following situation: you have
an injection of pethidine with the strength of 100 mg per 2mL and you
need to give a dose of 60 mg.

First — have a rough idea of your answer by estimation. By looking at what
you have — 100mg in 2mL — you can assume the following:

e The dose you want (60 mg) will be
e less than 2mL (2mL = 100 mg)
¢ more than 1 mL (I mL = 50 mg - by halving)
® less than 1.5 mL (0.5 mL = 25 mg - by halving and addition:
ImL + 0.5mL = 75mg)
e less than 1.25mL (0.25mL = 12.5mg - by halving and addition:
1+ 0.25mL = 62.5mg)
e From the above, you would estimate that your answer would be within
the range 1-1.25mL.

Calculate from first principles — using the ‘ONE unit’ rule:
100 mg= 2mL

2
Img = —mL
= 100

2
60mg = 100 X 60 = 1.2mL

Working from first principles, you derive an answer of 1.2 mL. This is
within your estimated range of 1-1.25mL.

Does your answer seem reasonable? The answer is yes. It correlates to
your estimation and only a part of the ampoule will be used which, from
common sense, seems reasonable.
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MINIMIZING ERRORS

® Write out the calculation clearly. It is all too easy to end up reading
from the wrong line.

If you are copying formulae from a reference source, double-check
what you have written down.

e Write down every step.

¢ Remember to include the units at every step; this will avoid any confusion
over what your answer actually means.

¢ Do not take short cuts; you are more likely to make a mistake.

¢ Try not to be totally dependent on your calculator. Have an approximate
idea of what the answer should be. Then, if you happen to hit the wrong
button on the calculator you are more likely to be aware that an error
has been made.

e Finally, always double-check your calculation. There is frequently more
than one way of doing a calculation, so if you get the same answer by
two different methods the chances are that your answer will be correct.
Alternatively, try working it in reverse and see if you get the numbers
you started with.

REMEMBER

If you are in any doubt about a calculation you are asked to do on the ward —
stop and get help.
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OBJECTIVES
At the end of this chapter, you should be familiar with the following:

¢ Arithmetic symbols
* Basic maths
Long multiplication
Long division
Mathematical tips and tricks
* Rules of arithmetic
* Fractions and decimals
Reducing or simplifying fractions
Equivalent fractions
Adding and subtracting fractions
Multiplying fractions
Dividing fractions
Converting fractions to decimals
Multiplying decimals
Dividing decimals
Rounding of decimal numbers
Converting decimals to fractions
* Roman numerals
* Powers or exponentials
* Using a calculator
* Powers and calculators
* Estimating answers

KEY POINTS

Basic Arithmetic Rules
dividing (/ or +) numbers — these are known as operations.

order of operations:

¢ Simple basic rules exist when adding (+), subtracting (), multiplying (X) and

* The acronym or word BEDMAS can be used to remember the correct

B Do calculations in brackets first. When you have more than
one set of brackets, do the inner brackets first.

E Next, do any exponentiation (or powers).

Dand M Do the division and multiplication in order from left to right.

Aand S Do the addition and subtraction in order from left to right.
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Fractions
* A fraction consists of a numerator and a denominator:

2
numerator g
denominator 5

* With calculations, it is best to try to simplify or reduce fractions to their
lowest terms.

I3
* Equivalent fractions are those with the same value, e.g. —»— = If you

26824
reduce them to their simplest form, you will notice that each is exactly a half.

¢ If you want to convert fractions to equivalent fractions with the same
denominator, you have to find a common number that is divisible by all the
individual denominators.

Operations with fractions

¢ To add (or subtract) fractions with the same denominator, add (or subtract)
the numerators and place the result over the common denominator.

* To add (or subtract) fractions with the different denominators, first convert
them to equivalent fractions with the same denominator, then add (or
subtract) the numerators and place the result over the common
denominator as before.

* To multiply fractions, multiply the numerators and the denominators.

* To divide fractions, invert the second fraction and multiply (as above).

* To convert a fraction to a decimal, divide the numerator by the denominator.

Decimals
* When multiplying or dividing decimals, ensure that the decimal point is
placed in the correct place.

* Rounding decimals up or down:
If the number after the decimal point is 4 or less, then ignore it, i.e.
round down;
If the number after the decimal point is 5 or more, then add | to the
whole number, i.e. round up.

Roman Numerals

* In Roman numerals, letters are used to designate numbers.

Powers or Exponentials
* Powers or exponentials are a convenient way of writing large or small
numbers:

A positive power or exponent (e.g. 10°) means multiply the base
number by itself the number times of the power or exponent
A negative power or exponent (e.g. 10-°) means divide the base number
by itself the number of times of the power or exponent.

Using a Calculator

* Ensure that numbers are entered correctly when using a calculator; if

necessary, read the manual.
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Estimating Answers

¢ Numbers are either rounded up or down to the nearest ten, hundred or
thousand to give numbers that can be calculated easily.

* Don'’t forget — the answer is only an estimate.

¢ If you round up numbers, the estimated answer will be more than the actual
answer.

¢ If you round down numbers, the estimated answer will be less than the
actual answer.

INTRODUCTION

Before dealing with any drug calculations, we will briefly go over a few
basic mathematical concepts that may be helpful in some calculations.

This chapter is designed for those who might want to refresh their
memories, particularly those who are returning to healthcare after a long
absence.

You can simply skip some parts, or all, of this chapter. Alternatively,
you can refer back to any part of this chapter as you are working through
the rest of the book.

ARITHMETIC SYMBOLS

The following is a table of mathematical symbols generally used in
textbooks. The list is not exhaustive, but covers common symbols you
may come across.

+ plus or positive; add in calculations

- minus or negative; subtract in calculations
+ plus or minus; positive or negative

X multiply by

/or + divide by

= equal to

* not equal to

identically equal to
approximately equal to
greater than

less than

not greater than

not less than

equal to or less than
equal to or greater than
per cent

sum of

MRSV INAYAVL
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BASIC MATHS

As a refresher, we will look at basic maths. This is quite useful if you don’t
have a calculator handy and to understand how to perform drug calculations
from first principles.

First, we will look at long multiplication and division.

Long multiplication

There are two popular methods for long multiplication: the traditional
method and a method of boxes. Both rely on splitting numbers into their
individual parts (hundreds, tens and units, etc.).

Traditional method
To calculate 456 x 78:

H T U First line up the numbers into hundreds (H), tens (T)
4 5 6 and units (U).
x 7 8

When using the traditional method, you multiply the number on the top
row by the units and the tens separately, and then add the two results
together.

First, multiply the numbers in the top row by the units (8), i.e. 8 x 6.
Eight times six equals forty-eight. Write the 8 in the units column of the
answer row and carry over the 4 to the tens column:

Next, multiply by the next number in the top row, i.e. 8 x 5 which equals
40. Also add on the 4 that was carried over from the last step — this makes
a total of 44. Write the 4 in the tens column and carry over the 4 to the
hundreds column:

HTU
4 5 6
x 7 8

4 8
7 1

Next, multiply by the next number in the top row, i.e. 8 x 4 which equals
32. Also add on the 4 that was carried over from the last step — this makes



Basic maths

a total of 36. Write down 36. You don’t need to carry the 3, as there are
no more numbers to multiply on this line:

ThH T U
4 5 6
x 7 8

3 6 4 8
I

Now we have to multiply by the tens. First, add a zero on the right-hand
side of the next answer row. This is because we want to multiply by 70
(7 tens), which is the same as multiplying by 10 and by 7:

ThH T U
4 5 6

x 7 8
3 6 4 8
0

Multiply as before — this time it is 7 x 6, which equals 42. Place the 2
next to the zero and carry over the 4 to the hundreds column:

ThH T U
4 5 6

x 7 8
36 4 8
2 0

4

Next, multiply 7 x 5, which equals 35 and add on the 4 carried over to
make a total of 39. Write down the 9 and carry over the 3:

ThH T U
4 5 6
x 7 8
3 6 4 8
9 2 0
3 4

Finally, multiply 7 x 4, which equals 28. Add the 3 to equal 31 and write
down 31. You don’t need to carry the 3, as there are no more numbers to
multiply on this line:

ThH T U
4 5 6
x 7 8
3 6 4 8
319 20

13
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Now you're done with multiplying; you just need to add together 3,648
and 31,920. Write a plus sign to remind you of this:

ThH T U
4 5 6
x 7 8
3 6 4 8
+3 1 9 2 0
355 6 8
1

As before, carry over numbers (if necessary) when adding together.

You should get a final answer of 35,568.

When multiplying numbers with more than two digits, follow these
steps: first multiply the top number by the units, then add a zero and
multiply by the tens, then add two zeros and multiply by the hundreds,
then add three zeros and multiply by the thousands, and so on. Add up all
the resulting numbers at the end of each part answer.

Boxes method
In this method we split each number into its parts (thousands, hundreds,
tens and units, etc.).

To calculate 456 x 78: 456 would be 400, 50 and 6:

Th | H T U
456 400 | 50 6

78 would be 70 and 8.

Th | H T U
78 70 8

We arrange these in a rectangle and multiply each part by the others. You
need to be able to understand multiplying with powers of 10 to know
how many zeros to put on the end of each part answer.

456 x 78

400 50 6
70 28 000 3500 420
8 32 00 400 48

For the first sum, multiply 7 x 4 which equals 28. Now you need to add
the zeros to ensure that the answer is of the right magnitude. Add three
zeros (two from the 400 and one from the 70). Repeat for the other pairs.
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We have worked out 400 x 70, 400 x 8, 50 x 70, 50 x 8, 6 x 70 and
6 x 8.

When this has all been done, you have to write out all the answers and
add them together:

28 0 0 O
3200
3500
4 0 0
4 20
+ 4 8
355 6 8
11

As before, carry over numbers (if necessary) when adding together.
You should get a final answer of 35,568.

Long division
As with multiplication, dividing large numbers can be daunting. But if
the process is broken down into several steps, it is made a lot easier.

Before we start, a brief mention of the terms sometimes used might be
useful. These are:

dividend
divisor

= quotient (answer)

or

quotient (answer)
divisor ) dividend
The process is as follows.
WORKED EXAMPLE
Divide 3,612 by 14.

14)3612

Firstly, divide the 14 into the first figure (i.e. the one on the left, which
is 3). Obviously 14 into 3 will not go. So we then consider the next
number (6) and ask how many times can 14 go into 36? Twice 14
equals 28; three times 14 equals 42. So, 14 goes into 36 2 times.

15
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14 into 36 goes 2 times. 14
Multiply 2 x 14.

(o]

N W
DN
—
N

|

Subtract the 28 from 36. 8
2
Bring down the next digit (1). 14 i3 612
28
81

Then start the process again: divide 14 into 81. Once again, there is
no exact number; 5 is the nearest (6 would be too much). If you are
having trouble, a quicker method would be to write down the 14
times table before starting the division.

14x1=14 25
14 x2 =28 14)3612
14x3= 42 28
14 x 4 =56 14 into 81 goes 5 times. 81
14x5=70 | Multiply 14 x 5. 70
14 x 6 =84 Subtract the 70 from 81. 11
14 x 7 =98
14 x8=112
14 x9=126 25
14 x 10 = 140 14)3612
28
81
70
Bring down the next digit (2) 112

258

1413612
28

81

70
14 into 112 goes 8 times. 112
Multiply 14 x 8. 112
Subtract 112 - 11. 0

Answer = 258

If there was a remainder at the end of the units then you would bring
down a zero as the next number and place a decimal point in
the answer.




Basic maths |7

WORKED EXAMPLE
23 divided by 7.

17@

Firstly, divide the 17 into the first figure (i.e. the one on the left, which
is 2). Obviously 17 goes into 2 0 times or will not go. So we then
consider the next number (3) and ask how many times can 17 go into
23? Obviously the answer is once; twice 17 equasl 34. So, the answer
is 1.

1
17 into 23 goes 1 time. 1712 3
Multiply 1 x 17. 17
Subtract the 17 from 23. 6

So the answer is 1 remainder 6.

This could also be expressed as IE, but we would usually calculate
to 2 or more decimal places.

We can consider 23 being the same as 23.00000; therefore we can
continue to divide the number:

1.
17 iZ 3.0
17y
Bring down the zero and put 6 0
decimal point in the answer.
Then start the process again:

17x1=17 1.3
17x2 =34 17;23.00
17 x3 = 51 17
17 x4 =68 | 17 into 60 goes 3 times. 6 O [
17 x5=85 | Multiply 3 x 17. 5 1
17 x 6 = 102 | Subtract the 51 from 60. 9

Bring down the next zero.

Repeat the process until there is no remainder or enough decimal
places have been reached:
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1.352
17x1=17
17x7 =4 17]23.7000
17 x3 = 51 L7
17 x 4 = 68 6 0
17 x5 =85 > é 0
17 x 6 =102 85
17 into 50 goes 2 times. 50
Multiply 2 x 17. 34
Subtract the 34 from 50. 16
If we were working to 2 decimal places, our answer would be 1.35
(see ‘Rounding of decimal numbers’ later in the chapter).

Mathematical tricks and tips

An in-depth study of mathematics would reveal that certain patterns
occur which can be used to our advantage to make calculations a lot
easier. A few examples are given below.

Multiplication tips

Multiplying by 5
e Multiplying an even number by 5:
e Halve the number you are multiplying and add a zero to give the
answer. For example:

5%x8 Half of 8 is 4; add a zero for an answer of 40.
5% 1,234 Half of 1,234 is 617; add a zero for an answer of 6,170.

e Multiplying an odd number by 5:
¢ Subtract one from the number you are multiplying, then halve that
number and then place a 5 after the number to give you your
answer. For example:

5x7 Subtract | from the 7 (7 — 1) to get 6; halve the 6 to get
3, then place 5 after the number for an answer of 35.

5 % 2,345 Subtract | from 2,345 (2,345 — 1) to get 2,344; halve that
to get 1,172, then place 5 after the number for an answer
of 11,725.

Note: all answers will end in O or 5.

Muliiplying by 9
e Take the number you are multiplying and multiply by 10; then
subtract the original number. For example:

9 X6 Multiply 6 by ten (6 X 10) which gives 60; subtract 6 from 60
(60 — 6) for an answer of 54.
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9 X 1,234 Multiply 1,234 by ten (1,234 X 10) which gives 12,340; subtract
1,234 from 12,340 (12,340 — 1,234) for an answer of | I,106.

Note: adding up the digits of your answer together will equal 9 (not
11x9=99,but9+9=18;1+8=9)eg:

54 5+4=09
11,106 I+ 1+ 1+0+6=09

Multiplying by 11
e Multiplying by a single-digit number (i.e. up to 9): just “double” the
number. For example:

5x 11 repeat the 5 for an answer of 55
7 X 11 repeat the 7 for an answer of 77

e Multiplying a 2-digit number by 11: simply add the first and second
digits and place the result between them. For example:

36 X 11 3 + 6 = 9; place the 9 between the two digits (3 and 6) for
an answer of 396.

57 x 11 5 + 7 = 12; when the answer of the two digits is greater than
9, increase the left-hand number by | (i.e. carry over the I):

5 _ 7 becomes 6 _ 7; insert the 2 (of the 12) in between the
two digits for an answer of 627.

e Multiplying any number by 11: you add pairs of numbers together,
except for those at each end - as you have to carry over 1 if the sum
of the pairs is greater than 9, it makes it easier to work from right to
left. For example:

324 x |1

e Write down the 4.

e Next add 4 and 2 (2 + 4 = 6). The answer is less than ten, so there
is no number to carry over; write it down next to the 4, i.e. 64.

® Add 3 and 2 (2 + 3 = 5). The answer is less than ten, so there is no
number to carry over; write it down next to the 64, i.e. 564.

* Write down the 3, i.e. 3564, for an answer of 3,564,

4,657 X 11

e Write down the 7.

e Nextadd 7 and 5 (7 + 5 = 12). The answer is greater than 9, so carry
over 1; write down 2 next to the 7, i.e. 27.

* Add 6 and 5 (5 + 6 = 11); add the 1 carried over to give 12. Once
again, the answer is greater than 9, so carry over 1; write down 2
next to the 27, i.e. 227.

19
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e Add 6 and 4 (6 + 4 = 10), add the 1 carried over to give 11. Once
again, the answer is greater than 9, so carry over 1; write down 1
next to the 227, 1i.e. 1,227.

* Add the 1 carried over to the last digit, i.e. 4 + 1 = 5.

e Write down 5 next to 1,227 for an answer of 51,227.

Muliiplying by 16

e First, multiply the number you are multiplying by 10. Then halve the
number and multiply by 10. Then add those two results together with
the number itself to get your final answer.

For example: 16 X 28
e Step 1: Multiply the number by 10, i.e. 28 x 10 = 280.

e Step 2: Halve the number and multiply by 10, i.e. (28 x %) x 10 =
14 x 10 = 140.

e Step 3: Add the results of steps 1 and 2 and the original number:
280 + 140 + 28 = 448

For example: 16 X 1,234
e Step 1: Multiply the number by 10, i.e. 1234 x 10 = 12,340.

e Step 2: Halve the number and multiply by 10, i.e. (1,234 x l) x 10 =
617 x 10 = 6,170. 2

e Step 3: add the results of steps 1 and 2 and the original number:
12,340 + 6,170 + 1,234 = 19,744

Dividing tips
Dividing by 2
e All even numbers are divisible by 2, i.e. all numbers ending in 0, 2, 4,

6 or 8.
e Simply halve the number or divide by 2.

Dividing by 3
o Add up the digits: if the sum is divisible by 3, then the original number
will be too. For example:

LT Add up the digits: | + 1 + 1 + | + | + | = 6; 6 can be divided
by 3, so it follows that I I I,111 can too: 111,111 +3 = 37,037.

87,676,896 Add up the digits: 8 + 7+ 6 +7 +6 +8 + 9 + 6 = 57;
then 5 + 7 = 12 which can be divided by 3, so it follows that
87,676,896 can too: 87, 676, 896 + 3 = 29,225,632.

Dividing by 4
o If the last 2 digits of the number are divisible by 4, then the whole

number is divisible by 4.
¢ An easy way of dividing is halving the number, then halving again.
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For example:
259,812 The last two digits are 12 which is divisible by 4; so 259,812
is divisible by 4 as well.
259,8I2><l><l: 259,812
2 2 4

Half of 259,812 = 129,906, half of 129,906 = 64,953 to give an answer
of 64,953.

Dividing by 5
e Numbers ending in a 5 or a O are always divisible by 5. For example:

12,345 Divide by 5 for an answer of 2,469.

Dividing by 6

e If the number is divisible by 3 and by 2, then it will be divisible by 6
as well.
For example:

378 It is an even number so it is divisible by 2; 3 + 7 + 8 = |8,
which is divisible by 3; so 378 will be divisible by 6:
378 + 6 = 63.

120,540 It is an even number so it is divisible by 2; | +2 + 0+ 5 +
4 + 0 = 12 which is divisible by 3; so 120,540 will be
divisible by 6: 120, 540 + 6 = 20,090.

Dividing by 7

e Take the last digit, double it, then subtract the answer from the
remaining numbers; if that number is divisible by 7, then the original
number is too. For example:

203 Take the last digit (3) and double it (2 X 3 = 6) to give 6.
Subtract the 6 from the remaining numbers (20): 20 — 6 = 14.
Is 14 divisible by 7? Yes, 14 + 7 = 2; so 203 must be divisible
by 7:203 + 7 = 29.