CLINICAL BIOCHEMISTRY

Peter Rae
Mike Crane
Rebecca Pattenden

WILEY Blackwell



Clinical Biochemistry
Lecture Notes

BA, PhD, MBChB, FRCPE, FRCPath

Consultant Clinical Biochemist

Royal Infirmary of Edinburgh

Honorary Senior Lecturer in Clinical Biochemistry
University of Edinburgh

BSc, PhD, MSc, FRCPath

Consultant Clinical Biochemist

Royal Hospital for Sick Children & Royal Infirmary of Edinburgh
Honorary Lecturer in Clinical Biochemistry

University of Edinburgh

VSR ?» . MSc, FRCPath
5@ '—1'3 E53Coffsuitant Clinical Bloshenttst

Western General Hospital, Edinburgh

Tenth Edition

WILEY Blackwell



This edition first published 2018 © 2018 by John Wiley & Sons Ltd

Edition History
John Wiley & Sons Ltd (9¢, 2013)

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,

or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, except as permitted by law. Advice on how to obtain permission to reuse material from
this title is available at http://www.wiley.com/go/permissions.

The right of Peter Rae, Mike Crane, Rebecca Pattenden to be identified as the authors of the
editorial material in this work has been asserted in accordance with law.

Registered Office(s)
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial Office
9600 Garsington Road, Oxford, OX4 2DQ, UK

For details of our global editorial offices, customer services, and more information about Wiley
products visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some
content that appears in standard print versions of this book may not be available in other formats.

Limit of Liability/Disclaimer of Warranty

The contents of this work are intended to further general scientific research, understanding,

and discussion only and are not intended and should not be relied upon as recommending or
promoting scientific method, diagnosis, or treatment by physicians for any particular patient. In
view of ongoing research, equipment modifications, changes in governmental regulations, and the
constant flow of information relating to the use of medicines, equipment, and devices, the reader
is urged to review and evaluate the information provided in the package insert or instructions for
each medicine, equipment, or device for, among other things, any changes in the instructions or
indication of usage and for added warnings and precautions. While the publisher and authors
have used their best efforts in preparing this work, they make no representations or warranties
with respect to the accuracy or completeness of the contents of this work and specifically disclaim
all warranties, including without limitation any implied warranties of merchantability or fitness
for a particular purpose. No warranty may be created or extended by sales representatives, written
sales materials or promotional statements for this work. The fact that an organization, website, or
product is referred to in this work as a citation and/or potential source of further information does
not mean that the publisher and authors endorse the information or services the organization,
website, or product may provide or recommendations it may make. This work is sold with the
understanding that the publisher is not engaged in rendering professional services. The advice
and strategies contained herein may not be suitable for your situation. You should consult with

a specialist where appropriate. Further, readers should be aware that websites listed in this work
may have changed or disappeared between when this work was written and when it is read.
Neither the publisher nor authors shall be liable for any loss of profit or any other commercial
damages, including but not limited to special, incidental, consequential, or other damages.

Library of Congress Cataloging-in-Publication Data

Names: Rae, Peter, 1953~ author. | Crane, Mike, 1979- author. |
Pattenden, Rebecca, 1974- author.
Title: Lecture notes. Clinical biochemistry/Peter Rae, Mike Crane, Rebecca Pattenden.
Other titles: Clinical biochemistry
Description: Tenth edition. | Hoboken, NJ : Wiley, 2018. | Preceded by Lecture notes.
Clinical biochemistry. 9th ed./Geoffrey Beckett ... [et al.]. 2013. |
Includes bibliographical references and index.
Identifiers: LCCN 2017013974 (print) | LCCN 2017014660 (ebook) | ISBN 9781119248699 (pdf) |
ISBN 9781119248637 (epub) | ISBN 9781119248682
Subjects: | MESH: Biochemical Phenomena | Clinical Laboratory Techniques |
Clinical Chemistry Tests | Pathology, Clinical-methods
Classification: LCC RB40 (ebook) | LCC RB40 (print) | NLM QU 34 | DDC 616.07/56-dc23
LC record available at https://lccn.loc.gov/2017013974

Cover design by Wiley
Cover image: © Miguel Malo/gettyimages

Setin 8.5/11pt Utopia by SPi Global, Pondicherry, India
Printed and bound in Malaysia by Vivar Printing Sdn Bhd

10 9 8 7 6 5 4 3 2 1



Clinical Biochemistry
Lecture Notes



Preface

This is the tenth edition of the book originally written
by Professor Gordon Whitby, Dr Alistair Smith and
Professor Iain Percy-Robb in 1975. It remains an
Edinburgh-based book, but both the content and the
authorship continue to evolve.

Ever since the first edition this book has been pri-
marily aimed at medical students and junior doctors,
but we also believe that it will be of value to specialist
registrars, clinical scientists and biomedical scientists
pursuing a career in clinical biochemistry and meta-
bolic medicine, and studying for higher qualifica-
tions. It has continued to develop in line with changes
that have both reshaped the undergraduate curricu-
lum and taken place in medical practice.

Over the course of the book’s existence changes in
medical education have tended to reduce or abolish
courses exclusively covering laboratory medicine
disciplines, with their content being integrated into
the relevant parts of a systems-based curriculum.
This clearly places the laboratory disciplines at the
heart of medical teaching in the diagnosis and man-
agement of patients, but risks losing the opportunity
to take a closer view of the principles behind the use
of diagnostic investigations. This book aims to focus
on the choice and interpretation of investigations in
the diagnosis and management of conditions where
biochemical testing plays a key role, with a view to
understanding not only their uses but also develop-
ing an appreciation of their limitations. This is
underpinned by brief summaries of the relevant
pathophysiology. There is an emphasis on com-
monly requested tests and commonly occurring
pathology, but less common tests and disorders are
also described.

We have reviewed and updated all chapters to
ensure that they reflect current clinical practice, the
availability of new tests, and where relevant the latest
versions of national guidelines, with an emphasis on
those published in the UK. Planning this new edition
benefited from helpful feedback from a number of
sources, including groups of both students and their
teachers, commissioned by Wiley, and in response to
this we have among other changes increased the
numbers of diagrams and tables where these help to
summarise useful information. We have also
increased the numbers of clinical cases, as these
remain a popular feature. Multiple choice questions
with an explanation of the answers, and key learning
points for each chapter are available as an on-line
resource for revision.

Since the last edition, Geoff Beckett, Simon Walker
and Peter Ashby have all retired. They were authors
since the fourth, fifth and seventh editions, respec-
tively, and have had an enormous effect on the
development and success of this book. Their places
have been ably taken by Mike Crane and Rebecca
Pattenden, who have brought a fresh perspective to
many of the topics covered. As ever, we are also
indebted to a number of colleagues who read various
chapters and provided valuable comment and advice,
in particular Catriona Clarke and Jonathan Malo. We
remain grateful for the continued interest and sup-
port provided by the staff at Wiley towards this title
since its first appearance over forty years ago.

Peter Rae
Mike Crane
Rebecca Pattenden
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About the companion
website

This book is accompanied by a companion website:

@ www.lecturenoteseries.com/clinicalbiochemistry

The website includes:
« Interactive multiple-choice questions
« Key revision points for each chapter
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Requesting and
interpreting tests

To understand:

+~ how sample handling, analytical and biological factors can affect test
results in health and disease and how these relate to the concept of a
test reference range;

+ the concepts of accuracy, precision, test sensitivity, test specificity in
the quantitative assessment of test performance.

Introduction

Biochemical tests are crucial to modern medicine.
Most biochemical tests are carried out on blood using
plasma or serum, but urine, cerebrospinal fluid (CSF),
faeces, kidney stones, pleural fluid, etc. are some-
times required. Plasma is obtained by collecting
blood into an anticoagulant and separating the fluid,
plasma phase from the blood cells by centrifugation.
Serum is the corresponding fluid phase when blood is
allowed to clot. For many (but not all) biochemical
tests on blood, it makes little difference whether
plasma or serum is used.

There are many hundreds of tests available in clini-
cal biochemistry but a core of common tests makes
up the majority of tests requested. These core tests
are typically available from most clinical laboratories
throughout the 24-h period. Tests are sometimes
brought together in profiles, especially when a group
of tests provides better understanding of a problem
than a single test (e.g. the liver function test profile).
More specialist tests may be restricted to larger labo-
ratories or specialist centres offering a national or
regional service.

In dealing with the large number of routine test
requests, the modern clinical biochemistry laboratory
depends heavily on automated instrumentation linked
to a laboratory computing system. Test results are
assigned to electronic patient files that allow mainte-
nance of a cumulative patient record. Increasingly, test
requests can be electronically booked at the ward,
clinic or in General Practice via a terminal linked to the
main laboratory computer. Equally, the test results can
be displayed on computer screens at distant locations,
removing the need to issue printed reports.

In this first chapter, we set out some of the princi-
ples of requesting tests and of the interpretation of
results. The effects of analytical errors and of physio-
logical factors, as well as of disease, on test results are
stressed. Biochemical testing in differential diagnosis
and in screening is discussed.

Collection of specimens

Test requests require unambiguous identification of
the patient (patient’s name, sex, date of birth and,
increasingly, a unique patient identification num-
ber), together with the location, the name of the

Clinical Biochemistry Lecture Notes, Tenth Edition. Peter Rae, Mike Crane and Rebecca Pattenden.
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requesting doctor and the date and time of sam-
pling. Each test request must specify the analyses
requested and provide details of the nature of the
specimen itself and relevant clinical diagnostic
information. This may be through a traditional
request form and labelled specimen or be provided
electronically in which case only the sample itself
need be sent to the laboratory with its own unique
identifier (typically a bar code which links it to the
electronic request).

Clinical laboratories have multiple procedures at
every step of sample processing to avoid errors.
Regrettably, errors do occur and these arise at differ-
ent stages between the sample being taken and the
result being received:

« Pre-analytical. These arise prior to the actual test
measurement and can happen at the clinical or
laboratory end. Most errors fall into this category
(see Table 1.1).

« Analytical. Laboratory based analytical errors are
rare but may occur, e.g. reagent contamination,
pipetting errors related to small sample volumes,
computing errors.

« Post-analytical. These are increasingly rare because
of electronic download of results from the analyser
butinclude, for example, transcription errors when
entering results from another laboratory into the

computer manually; results misheard when these
are telephoned to the clinician.

Despite the scale of requesting of biochemical tests,
errors are fortunately very rare. However, occasional
blunders do arise and, if very unexpected results are
obtained, it is important that the requesting doctor
contacts the laboratory immediately to check whether
the results are indeed correct or whether some prob-
lem may have arisen. Occasionally this reveals that
more than one problem has occurred, for example two
samples were labelled with each other’s details on the
ward, so querying the results can have wider benefits.

The use of clinical
biochemistry tests

Biochemical tests are most often discretionary, mean-
ing that the test is requested for defined diagnostic
purposes. The justification for discretionary testing is
well summarised by Asher (1954):

1 Why do I request this test?
What will I look for in the result?

3 If I find what I am looking for, will it affect my
diagnosis?

Table 1.1 Some more common causes of pr/e/-analyﬁéél errors arising from use of the laboratory.

Error Consequence

Crossover of addressograph

This can lead to two patients each with the other’s set of results. Where the

labels between patients patient is assigned a completely wrong set of results, it is important to investigate
the problem in case there is a second patient with a corresponding wrong set of

results.

There are many examples where timing is important but not considered. Sending
in a blood sample too early after the administration of a drug can lead to
misleadingly high values in therapeutic monitoring. Interpretation of some tests
(e.g. cortisol) is critically dependent on the time of day when the blood was
sampled.

Timing error

Sample collection tube error For some tests the nature of the collection tube is critical, which is why the
Biochemistry Laboratory specifies this detail. For example, using a plasma
tube with lithium-heparin as the anti-coagulant is not appropriate for
measurement of a therapeutic lithium level. Electrophoresis requires a serum
sample rather than plasma so that fibrinogen does not interfere with the
detection of any monoclonal bands. Topping up a biochemistry tube with

a haematology (potassium ethylenediamine tetraacetic acid [EDTA]) sample
will lead to high potassium and low calcium values in the biochemistry
sample.

The blood sample will be diluted so that all the tests will be correspondingly low
with the exception of those tests that might reflect the composition of the
infusion fluid itself. For example, using normal saline as the infusing fluid would
lead to a lowering of all test results, but with sodium and chloride results that are
likely to be raised.

Sample taken from close to the
site of an intravenous (IV)
infusion



4 How will this investigation affect my management
of the patient?
5 Will this investigation ultimately benefit the patient?

The main reasons for this type of testing are sum-
marised in Table 1.2. Tests may also be used to help
evaluate the future risk of disease (e.g. total cholesterol
and HDL-cholesterol levels contribute to assessment
of an individual's risk of cardiovascular disease), or in
disease prognosis (e.g. biochemical tests to assess
prognosis in acute pancreatitis or liver failure), or to
screen for a disease, without there being any specific
indication of its presence in the individual (e.g. mater-
nal screening for foetal neural tube defects).

Screening may take several forms:

« In well-population screening a spectrum of tests is
carried out on individuals from an apparently healthy
population in an attempt to detect pre-symptomatic
or early disease. It is easy to miss significant
abnormalities in the large amount of data provided by
the laboratory, even when the abnormalities are
highlighted in some way. For these and other reasons,
the value of well-population screening has been called
into question and certainly should only be initiated
under certain specific circumstances (Table 1.3).

Table 1.2 Test selection for the purposes
of discretionary testing.

Category Example

Serum free T4 and
thyroid-stimulating hormone
(TSH) in suspected
hyperthyroidism

To distinguish between
different forms of jaundice

Use of adrenocorticotrophic
hormone (ACTH) to localise
Cushing’s syndrome

To confirm a diagnosis

To aid differential
diagnosis

To refine a diagnosis

Table 1.3 Requirements for well-population
screening.

* The disease is common or life-threatening

* The tests are sensitive and specific
* The tests are readily applied and acceptable to the

population to be screened

* Clinical, laboratory and other facilities are available

for follow-up

* Economics of screening have been clarified and the

implications accepted

Table 1.4 Examples of tests used in case-

finding programmes.

Programmes to detect
diseases in

Chemical
investigations

Neonates
Phenylketonuria (PKU)
Hypothyroidism

Adolescents and young

adults
Substance abuse

Pregnancy
Diabetes mellitus in the
mother
Open neural tube defect
(NTD) in the foetus

Industry
Industrial exposure to
lead
Industrial exposure to
pesticides

Elderly

Malnutrition
Thyroid dysfunction

Serum phenylalanine
Serum TSH

Drug screen

Plasma glucose

Maternal serum
a-foetoprotein

Blood lead

Serum cholinesterase
activity

Serum vitamin D levels
Serum TSH and thyroxine

To assess the severity
of disease

To monitor progress

To detect
complications or side
effects

To monitor therapy

Serum creatinine or urea in
renal disease

Plasma glucose and serum
K* to follow treatment of
patients with diabetic
ketoacidosis (DKA)

Alanine aminotransferase
(ALT) measurements in
patients treated with
hepatotoxic drugs

Serum drug
concentrations

in patients treated with
anti-epileptic drugs

 In case-finding screening programmes appropriate
tests are carried out on a population sample known
to be at high risk of a particular disease. These
are inherently more selective and yield a higher
proportion of useful results (Table 1.4).

Point of care testing
(POCT)

These are tests conducted close to the patient,
for example in the emergency department, an out-
patient clinic, or a general practitioner’s surgery.



Table 1.5 Examples of POCT that are in
common use.

Common POCT Common POCT in

in blood urine

Blood gases Glucose

Glucose Ketones

Urea and creatinine Red cells/haemoglobin
Na, K and Ca Bilirubin

Bilirubin Protein

Alcohol hCG

The instrumentation used is typically small and fits
on a desk or may even be handheld. This approach
can be helpful where there is a need to obtain a
result quickly (e.g. blood gas results in the emergency
department in a breathless patient), or where a
result can be used to make a real-time clinical man-
agement decision (e.g. whether to adjust someone’s
statin dose on the basis of a cholesterol result). A fur-
ther attraction is the immediate feedback of clinical
information to the patient. POCT can be used to
monitor illness by the individual patient and help
identify if a change in treatment is needed (e.g.
blood glucose monitoring in a diabetic patient).
There is also an increasing number of urine test
sticks that are sold for home use (e.g. pregnancy and
ovulation testing by measuring human chorionic
gonadotrophin (hCG) and luteinising hormone
(LH), respectively). Table 1.5 shows examples of
POCT tests in common use.

The introduction of POCT methodology requires
attention to cost, ease of use, staff training, quality,
health and safety as well as need. The advantages
and disadvantages of POCT are summarised in
Table 1.6.

Interpretation of clinical
biochemistry tests

Most reports issued by clinical biochemistry labora-
tories contain numerical measures of concentration
or activity, expressed in the appropriate units.
Typically, the result is interpreted in relation to a ref-
erence range (see Chapter 1: Reference ranges) for
the analyte in question. Results within and outside
the referenice range may be subject to variation
caused by a number of factors. These include analyti-
cal variation, normal biological variation, and the
influence of pathological processes.

Table 1.6 Advantages and disadvantages
of point-of-care testing (POCT).

Advantages Disadvantages

Rapid results on
acutely ill patients

Allows more frequent

More expensive than
centralised tests

Wide staff training may

monitoring be needed
Immediate patient Nontrained users may
feedback have access, with potential

for errors

Calibration and quality
control may be less robust

Health and Safety may be
less well monitored

Available 24 h if
required

Results less often integrated
into patient electronic record

Sources of variation
in test results

Analytical sources of variation

Analytical results are subject to error, no matter how
good the laboratory and no matter how skilled the
analyst. The words “accuracy” and “precision” have
carefully defined meanings in this context.

An accurate method will, on average, yield results
close to the true value of what is being measured. It
has no systematic bias. Lack of accuracy means that
results will always tend to be either high or low.

A precise method yields results that are close to one
another (but not necessarily close to the true value)
on repeated analysis. If multiple measurements are
made on one specimen, the spread of results will be
small for a precise method and large for an imprecise
one. Lack of precision means that results may be
scattered, and unpredictably high or low.

A ‘dartboard’ analogy is often used to illustrate the
different meanings of the terms accuracy and preci-
sion, and this is illustrated in Figure 1.1.

The standard deviation (SD) is the usual measure
of scatter around a mean value. If the spread of results
is wide, the SD is large, whereas if the spread is nar-
row, the SD is small. For data that have a Gaussian
distribution, as is nearly always the case for analytical
errors, the shape of the curve (Figure 1.2) is com-
pletely defined by the mean and the SD, and these
characteristics are such that:
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jure 1.1 The ‘dartboard” analogy can be used to
illustrate accuracy and precision.
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ure 1.2 Diagram of a Gaussian (normal or symmetri-
cal) distribution curve. The span (A) of the curve, the
distance between the mean+ 2 SD, includes about 95%
of the ‘population’. The narrower span (B), the distance
between the mean+ 1 SD, includes about 67% of the
‘population’.

o About 67% of results lie in the range mean + 1 SD.
o About 95% of results lie in the range mean + 2 SD.
o Over 99% of results lie in the range mean+ 3 SD.

Blunders are grossly inaccurate results that bear no
constant or predictable relationship to the true value.
They arise, for instance, from mislabelling of speci-
mens at the time of collection, or transcription errors
when preparing or issuing reports (see Table 1.1).

If different results for the same test are obtained on
two or more occasions on the same patient, then an

important question that arises is whether that
difference is due to analytical imprecision or to a true

changein the patient’s clinical condition. Statistically,
if the results differ by more than 2.8 times the analyti-
cal SD then there is a chance of over 95% that a genu-
ine change in concentration of the substance has
occurred.

Biological causes of variation

Test results also show biological variation in both
health and disease. The concentrations of all analytes
in blood vary with time due to diverse physiological
factors within the individual. There are also differ-
ences between individuals.

The following may be important causes of within-
individual variation:

1 Diet: Variations in diet can affect the results of
many tests, including serum triglyceride, the
response to glucose tolerance tests and urinary
calcium excretion.

2 Time of day: Several plasma constituents show
diurnal variation (variation with the time of day),
or a sleep/wake cycle. Examples include iron,
adrenocorticotrophic hormone (ACTH) and cor-
tisol concentrations.

3 Posture: Proteins and all protein-bound constit-
uents of plasma show modest differences in
concentration between blood collected from
upright individuals and blood from recumbent
individuals. Examples include serum calcium,
cholesterol, cortisol and total thyroxine
concentrations.

4 Muscular exercise: Recent exercise, especially if
vigorous or unaccustomed, may increase serum
creatine kinase (CK) activity and blood lactate,
and lower blood pyruvate.

5 Menstrual cycle: Several substances show varia-
tion with the phase of the cycle. Examples include
serum iron, and the serum concentrations of the
pituitary gonadotrophins, ovarian steroids and
their metabolites, as well as the amounts of these
hormones and their metabolites excreted in the
urine.

6 Drugs: These can have marked effects on chemical
results. Attention should be drawn particularly to
the many effects of oestrogen-containing oral con-
traceptives on serum constituents (Chapter 10:
Steroid contraceptives).

Even after allowing for known physiological factors
that may affect plasma constituents and for analytical
imprecision, there is still considerable residual individual
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A 52-year-old man taking a statin drug to reduce his
cholesterol level attended for a routine follow-up
appointment. He was well, and had recently started
training for a half-marathon as part of his determina-
tion to get fitter and reduce his risk of future
cardiovascular problems. Statins sometimes cause
muscle side effects, so among his other blood tests a
creatine kinase (CK) was checked and it was very
high. Should his statin be stopped?

Comments: Muscular exertion, especially if
unaccustomed or severe, can give rise to high CK
results. He was asked to refrain from training for a few

Qays, and on repeat a CK level was normal. Y,

variation (Table 1.7). The magnitude of this variation
depends on the analyte, but it may be large and must
be taken into account when interpreting successive
values from a patient.

Differences between individuals can affect the con-
centrations of analytes in the blood. The following are
the main examples:

1 Age: Examples include serum phosphate and
alkaline phosphatase (ALP) activity, and serum
and urinary concentrations of the gonadotrophins
and sex hormones.

2 Sex: Examples include serum creatinine, iron and
urate concentrations, and serum and urinary con-
centrations of the sex hormones.

3 Race: Racial differences have been described for
serum cholesterol and protein. It may be difficult
to distinguish racial from environmental factors,
such as diet.

Reference ranges

When looking at results, we need to compare each
result with a set of results from a particular defined
(or reference) population. This reference range is

determined, in practice, by measuring a set of refer-
ence values from a sample of that population, usually
of healthy individuals. The nature of the reference
population should be given whenever reference
ranges are quoted, although a healthy population
is usually assumed. Even age-matched and sex-
matched reference ranges are often difficult to obtain,
since fairly large numbers of individuals are needed.

When results of analyses for a reference population
are analysed, they are invariably found to cluster
around a central value, with a distribution that may
be symmetrical (often Gaussian, Figure 1.3a) or asym-
meitrical (often log-Gaussian, Figure 1.3b). However,
reference ranges can be calculated from these data
without making any assumptions about the distribu-
tion of the data, using nonparametric methods.

Because of geographical, racial and other biologi-
cal sources of variation between individuals, as well
as differences in analytical methods, each laboratory
should ideally define and publish its own reference
ranges. By convention, these encompass the central
95% of the results obtained for each analysis from the
reference population.

Analytical factors can affect the reference ranges
for individual laboratories. If an inaccurate method is
used, the reference range will reflect the method bias.
If an imprecise method is used, the reference range
will be widened, that is, the observed span of results
(reflected in the SD) will be greater. In statistical
terms, the observed variance (i.e. the square of the
SD) of the population results will equal the sum of
the true or biological variance of the population plus
the analytical variance of the method.

How do results vary in disease?

Biochemical test results do not exist in isolation, and
when laboratory tests are requested, the clinician will
often have made a list of differential diagnoses based
on the patient’s history, symptoms and signs, and
may have a provisional diagnosis that is the likeliest
possibility from this list

Table 1.7 Residual individual variation of some serum constituents (expressed as the
approximated day-to-day, within-individual coefficient of variation). CV = coefficient of variation.

Serum constituent CV (%) Serum constituent CV (%)
Sodium 1 ALT activity 25
Calcium 1-2 AST activity 25
Potassium 5 Iron 25

Urea 10
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Figure 1.3 Histograms showing the relative frequency with which results with the values indicated were obtained

whén serum Na* and y-glutamyltransferase (GGT) activities were measured in a reference population of healthy adulit
women. (a) The sodium data are symmetrically distributed about the mean whereas (b) the GGT data show a

log-Gaussian distribution.

For example, in a patient with severe abdominal
pain, tenderness and rigidity, there may be several
diagnoses to consider including acute pancreatitis,
perforated peptic ulcer and acute cholecystitis. In all
three conditions, the serum amylase activity may be
raised above the upper reference value for healthy
adults. We need to know how the serum amylase
activity might vary in the clinically likely diagnoses. It
would be useful to know, for instance, that very high
serum amylase activities are more likely to be associ-
ated with one of these diagnostic possibilities (pan-
creatitis), than with the other two.

To summarise, to interpret results on patients ade-
quately, we need to know:

« the reference range for healthy individuals of the
appropriate age range and sex;

o the values to be expected for patients with the
disease, or diseases, under consideration;

« the prevalence of the disease, or diseases, in the
population to which the patient belongs.

The assessment of diagnostic
tests - sensitivity and specificity

In evaluating and interpreting a test, it is necessary to
know how it behaves in health and disease. Central to

this understanding are the terms “sensitivity” and
“specificity” These define how well a test performs
in the diagnosis of a disease, but in order to calculate
them it is necessary to know whether the disease
is present or not by some method (this could be
some other definitive test, or may be a diagnosis
made later once the clinical course has made this
more obvious).

« Test sensitivity refers to how effective the test is in
detecting individuals who have the disease in
question. It is expressed as the percentage of true
positives in all the individuals who have disease (all
the individuals with disease will encompass the
true positives (TP) and false negatives (FN)). So:

Sensitivity=TP/(TP+FN)x100%.

« Test specificity is a measure of how good the test is
at providing a negative result in the absence of
disease. It is expressed as the percentage of true
negatives in all those without the disease (all
the individuals without disease will encompass
the true negatives (TN) and the false positives
(FP)). So:

Specificity=TN /(TN + FP)x100%.



